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E ^ Mib \TION of stn |i|niii\ I 111 \iiis liiniii in I iiitccl Stntis Aiiiu Ilospitnls 
111 l‘)4'i Tills iii\(‘slii,nlioii IS still III |ini„iiss \ spimil rc.si.nrLli unit 
ostnlilishcd ni ii.iiiiilli lit Iliilloriiii (1111(1111 llospitiil is iio« contimiiiiu to fiiiic 
tion nt Hroo! ( (idiirnl llospiinl m smi Vnioiiio llm soiisitivitiis of Imeterm 
to stroptoiiiMiii liiiM 1)1011 tosldl 1111(1 till fiii(liii_s ooruliitcd nitli studies on 
slisor|)tion distiibiition, niid iMrotioii ot tin' dnu in tin. bod' follo'iiiii. psron 
ttml iidiiiiiiistintioii ^ Tins niiit in nlditioii is onri'ini, on intensi'c studies 
on cortnin t\|its of iiifdlioiis (s|itLndl\ sim.ioiil Dstii on these and on all 
patuiits tnatisl "itb stixploinv ( in in I s \ini\ Hospitals are recorded on 
spei lal forms for iionnainnl nlditioii It is 0111 jnirposc bon to iiresciil in 
snmniar' form tin sc i nniiibiti'c (sporioiucs bisid on 111 aimhsis of 1 200 cists 
A compute iindcrstandint, 01 the |)ro|iortics of stnptoni'cm is an absolute 
ntccssit' if tin drii), ls to In used iiitillii^ciitU Tlit principal cbnrictcnstics'“ 
are ns follows (1) Streptoni'cin is an orcninc bast frteK soluble in water 
but not in the common ort.nme sol'onts (2) Solutions of tins compound ire 
niiinrbnbU stable both elitmnalh and biobvicnlh Hofrietnlion is optional 
for short periods of stoi-itc ( 1) In (oiitrist to ))cincil1in streptom'cin is not 
dcstro'cd b' eiirMius 01 b\ liKtcrin (4) Tlit driv is stniidardircd so that 
1 S unit is apiiroMiiintch d|ui'nltnt to 1 iunio_iini ( i| A wide 'niicU 
of pitIiof:enic t,ram iic„ntnc and t,iam positnc bntterin arc siiseiptible in \itro 
to streptoni'cin (Table I) Streiiloni'cin is bi(.lil' selccti'c 111 its aiitibicleiial 
ncti'it' difftient sti mis sbowin^ miiilod \niintion 111 tbeir sensiiuit' to the 
(lru„ and nnliirilh dru^ fast sti mis art ( ncoinittred 111 neirl' all species 
(C) The niti'it' of the drut, is dtpressed b' low pll, dcstrose high concen 
tratioiis of niorpinit salts and reducing snbsinnccs (7) Clinicil response 
to tins iiitibiotic IS closcl' related to the in 'itro scnsili'itj of the bacteria 
Infections caused be organisms with lii_li in \itro stnsiti'ilics mas icspond 
fa'orabh wbereas those with low stnsiti'itics ire iisunlh icfinctoiv to tieit 
ment (8) Absorption, c'crction and distribution ot streptoni'cin generill' 
follow the same iinttcni aftci iinientcral ndnniiisliatioii as penicillin The 
exceptions are that no ibsorpliou into the gcneril circulation takes plicc follow 
mg administration oralh or In nebuliratioii (9) Bicteria acquire fastness to 
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woiias aeruginosa and Streptococcus faecalis There was no appreciable differ 
ence m results of therapy between monobaeteiial and polybaoterial infectrons 
provided that all organisms Mere susceptible m vitro to streptomycin The 
maiked constitutional signs and symptoms accompanying acute pyelonephritis 
or acute exacerbations of chronic pyelonephritis lesponded dramatically to 
streptomycin, mild ririnaiy tract symptoms and low grade fever responded 
more irregularly Patients with paraplegia were benefited by streptomycin 
therapy, although the effects weie larely peimaneiit except iii patients witli 
closed urinary systems and automatic bladders In these patients clinical re 
nussions were not infrequent in spite of the fact that complete steiility of the 
urme was not achieved Presence of obstructive calculi precluded a successful 
chemotherapeutic result Advanced renal pathology, undrained abscesses, pres 
ence of neoplasms, and mfections in the prostate were other causes of failure of 
streptomyem therapy Drug fastness is a constant feature in eases in which 
the prescribed coui’se of therapy has not sterilized the urine No advantage 
accrued from the administration of a second course of the drug if the first 
comse had failed to sterilize the urine Local instillations of streptomyem 
into the urinary tract via urethral catheters, cystostomy oi pyelostomv tubes 
hare been found to be of no value m our experience’ 

A dosage of 1 2 to 2 4 Gm pei day of streptomyem m three or four hourly 
divided doses for tliiee to fire days is recomiiiended foi tieatment of the areiage 
infection of the urinaiy tract due to susceptible oiganisms AUcalimzation of 
the urme rvith streptomycin therapy may be advantageous in selected eases 
There is no contraindication to the concurrent use of penicillin or sulfonamides 
mtli stieptomycm if waiianted by the clmical and laboiatoiy findmgs The 
percentage of satisfaetoiy results is highest yvheu the lequiiements of (1) fiee 
fiorv of iiiiiie, (2) susceptible oiganisms and (3) adequate dosage of the drug 
ne met 

Stieptomycm may be a useful agent in uncomplicated noiigonocoecic 
nrethiitis of bacterial oiigm and in acute epididymitis when the oiganisms are 
susceptible ” Uncomplicated gonoriheal uiethntis lesponds to streptomycin as 
dramatically as to penicillin, except when there is piostatic inyolvement In 
tubooyarian disease, paiticularly disease of less than one yeai s duration the 
antibiotic seems of value m those mstaiiees m rvliich penieiUm and the sulfonam 
ides no longer are effectrye The drug has a place iir the management of 
sinus tracts of urinary tract origm infected yyith streptomy cm sensitiy e oigan 
isnis but yyill not elinunate surgeiy m most instrnces In patients yyith Eeitei ’s 
syndiome and amiciobic cystitis of uiikiiowii etiology, no consistently bcnefici-il 
effects Inyo been oliseiwcd yyith streptomycin therapy Neithei prrenteral noi 
oial administiatioii can produce an effectiye concentiation ot stieptomycm in 
prostatie secretions, yyliieh explains yyhy this compound has not proyed beneficial 
m the tieatment of piostatis ° 

lulaicmia — Ten patients yyith tuHremia yyeie treated yyith stieptomycm 
one yyith the oculoglandular type one yyith tiie typhoidal type, and the othei-s 
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stieptomycin moie lapicUy than to penicillin (10) This diug is lelativelj 
nontOMC when given foi shoit peiiods of time To\ieity is commonly obseived 
when the couises of theiapy aie piolonged 

Table I Bacterli Sosceptible In Vitiui to Stkeptoiiycin 


Aerobacter aerogenea 

PasteureK tularensis 

Alkahgenes faecahs 

Proteus morganu 

Brucella abortus 

Proteus vulgaris 

Brucella tuebtensis 

Pseudomonas aeruginosa 

Eberthella typUosa 

SalmonelH species 

Eschericlua coh 

Shigella species 

Hemophilus ducreyi 

Streptobacillus moniliformis 

Hemophilus influenzae 

Actinomjces boiis* 

Hemophilus pertussis 

Bacillus antliracis* 

Klebsiella ozaenae 

Corynebactcnuin diplitlieriae* 

Klebsiella pneumoniae 

Diplococcus pneumoniae*' 

Keisseria gonoLrhoeae* 

ITjcofaactenura tuberculosis 

Neisseria intr'icellulans* 

Staphylococci* 

PasteurelK pestis 

Streptococci, lienioljtic* 

Streptococci, nonheniolj tic 


Streptomj cln is meftecthe cllnlcallj against anaerobic mycotic protozoan \iral and 
spirochetal infections and worm Infestations Klckettsiae of epidemic and murine tjphus 
Rockj Mountain spotted feter and rickettsialpox are sensitive in \ltro to streptomycin 
•Pcnicillin-sensitlN c 


RESULTS OF THER IPY 

The following aie illnstiatne of types of infections which, in om e\pe- 
iienee, have shown vaiions degiees of lespouse to stieptomycin 

Infections of the Uiogemfal Ttact — Pom hundied and sixtj-dve patients 
with intection of the minaiT’ tiaet iieie submitted to ciitical analysis and 
study'- All patients had a complete baeteiiologic siiiiej of the mine piioi to 
tieatraent Cultme sensitivitj tests levcaled that stieptomycin had a bacteiio 
static effect in vitio on ST pei cent of the bactoiia lecovoied betoio ticatnient, 
while the lemaimng 13 pei cent weie iiatmally diug-fast Seventy nine pei 
cent of the miciooiganisms isolated iveie giam-negatne bacilli The lemaunng 
21 pel cent weie giam-positivc cocci, a thud of these nonhemohtic stieptococci 
The survey showed that if bacteiia aie not inhibited in vitio by a eoncentiation 
of 16 fig pel cubic eentimetei, the chances of eliminating them by stieptomycin 
theiapy aie not good Stieptomjcin intiamnsculailj’- administeied can main- 
tain a eoncentiation in excess of 16 /tg pei milhlitei of blood seium The diug 
IS excieted in very high conceutiations m the mine (1,000 fig pei millilitei oi 
more) This suggests that stieptomvcin acts piimaiilv tluough deliveiy bj 
way of the blood stieam to the tissues and not thioiigh the mine 

Of the fom bundled and snxtj-fiie patients tieated, an outiight euie was 
obtained m 31 pei cent of the patients, an additional 21 pei cent weie impioved, 
tliat is symptoms ueie amehoiated, but luthout complete baeteiiologic i emission 
The remaining 45 pei cent weie not benefited As expeiience was gained con- 
cerning the factois winch limit successful stieptomycin theiapy m iinnaiy 
tiact infections, piopei selection of cases led to a piogiessively highei late of 
cures Best results weie obtained when infections weie caused by Eschenchia 
coll Failuies weie especially fiequent when the causal oiganisms weie Pseudo 
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In nearly every instance temperature subsided by a stepladder tjpe of 
Ijsis In most instances the blood was lapidly sterilized of tlie bacteria, with 
surgical drainage contiibiiting to the most lapid dealing of the blood stieam 
Clinical improvement was usually evident by the third oi fouitb day of treat 
meut With uiiiiaiy sepsis the baeteriemias cleared rapidly, but pyuria con 
tinned until the foci of infection weie lemoved In cases of bone lesions the 
infection was localized bj stieptoiiijem, but suigical inteivention was necessaij 
111 the manageniLiit of tbe pi unary focus 

Laboiatois studies sliow that an additive effect is obtained on bacteiia 
from the use of subinhibitoiy concentrations of streptomycin and penicillin “ 
Competitive excietions result in slightlj liighei drug levels when both agents 
are paienterallv administered simiiltaneouslj Streptomycin therapy alone oi 
111 combination with penicillin is warranted iii the occasional instance of bae 
teriemia due to giam positive cocci where a favorable response to maximal 
doses of penicillin is not obtained Stieptomjciii is uidicated also in the theiapj 
of subacute baeteinl eiidoeaiditis due to peiiieilbn fast uonhemoljtic strep 
tococei and giam negative bacilli Therapv must be continued bejond thiee 
weeks, and one must bo piepaied to accept the risk of labjnntliino disturbances 
from streptomjcin toxicity developing m the occasional patient On the basis 
of these experiences, the pieiequisitcs for successful stieptomycm therapy of 
baotenemia are that (1) the organism is sensitive to the drug, (2) acute 
endocarditis has not jet developed (3) accessible foci of infection are ade 
quately drained, and (4) the dosage of streptomycin is at least 2 Gm per 
daj the interval between doses is spread so as to provide bacteriostatic blood 
levels and the duiation of tieatment is long enough 

Infections Involving the Genital Neivous System — Streptomycin is now 
legarded as the drug of choice in the treatment of bacterial meningitis due to 
susceptible organisms’ The results m the U S Aianj senes” in geneial, 
Iiave been very favorable especially when tieatment was started eailj in the 
disease Of sixteen patients treated, twelve lesponded favor ablv' and recovered 
while foui died Deaths vveie due to (1) use of stieptomjcin foi in vitio 
resistant Cryptncoccns Iwminis infection, (2) advanced sepsis (3) loculation 
of pus in the base of tlie skull in two cases It is impoitant to lemember in the 
management of the patient with meningitis that stieptoinjcin, like penicillin 
diffuses poorly into the cerebiospinal circulation following iiarentcral adnimis 
tiatioii and that intrathecal injections must be combined with the inti imusciilai 
route of administration The srUfonamides are the onlj effective bacteriostatic 
drugs which pass the blood meningeal barrier in effective coneentiations Foi 
this reason it niaj be desiiable to combine oral sulfadiazine with streptomvcin 
and/or penicillin theiapv 

The scheme of tieatment eiiiplojed in the tieatment of meningitis in adults 
IS as follows When the diagnosis of meningitis due to gram negative baciUi 
has been established, 50 to 100 mg (average dose, 1 mg per krlogram) of 
streptomj ciii dissolved in 10 ec of stciilc phvsiologic saline aie administered 
immcdiatelj by the intrathecal route The injection is lepeated evei-y twenty 
four houis until the patient has recovered and negative cultures have been 



4 


PULASKI AND SPULPA 


With the ulceioglaudiilai type ^ Pneumonia was a complication in thiee patients, 
in one of whom it was associated with nephxitis Stieptomycin was admimsteied 
to all patients intiamusculaily at mteivals of tliiee oi toui horns in an average 
dailj dose of 2 Gm foi peiiods of seven to fouiteen days Keeoveiy was smooth 
in all patients, without lelapses oi complications The most diamatic responses 
weie obtained m patients with the typhoidal type of infection and with early 
ulceioglaiidulai tulaiemia complicated by pneumonia Infection in suppuiating 
lymph nodes treated bv aspiration and followed by one oi two instillations of 
streptomycin subsided lapidly Healing of open lesions in ulceioglandular 
tulaiemia was slow but piogiessive The late seemed lelated to the duiation 
of the uifection The pioposed local injection and topical applications of strep- 
tomycm to the uleeiated buboes to piovide theiapeutic coneentiations of diug 
in lelativelj" avasculai tissues lemain to be fiillj eialiiated These experiences 
suppoit the conclusion of otheis that streptomycin is tlie most efteetive agent 
now available foi the tieatment of tulaiemia “ 

Bactenenwt — Smee 1943 the superioiity of penicillin ovei all othei avail- 
able foims of tieatment foi baeteiiemias due to susceptible gi am-positive oigan- 
isms has been cleaily demoustiated Gram-negative bacilli, which aie usually 
lesistant to penieillm, also may on occasion invade the blood stieani with seiious 
consequences The moitality late fiom giam-negati\e baeteiiemias is not as 
high as in the case of giam-positive coecal baeteiiemias and the fatalities have 
been ledueed fuithei with the use of the sulfonamides Streptomycin theiapy 
piomises to be even moie efficient The adiantages he in the piompt clinical 
lesponses and in the lelativeh tiivial untowaid leaetions eneounteied with 
shoit eoiu’ses of therapy 

Thirty-thiee patients with bacteiiemia weie tieated with stieptonijcin in 
U S Airay Hospitals In the majoiity of these the infection aiose in the 
uiinaiw tiact, othei foei of infection in decieasuig oidei ot oceuirence weie 
sepsis m the peiitoueal cavity, the female genital oigans, and bone, including 
the middle eai and mastoid Penicillin and/oi sulfadiazine failed in twentj 
of |;he thiitj -thiee patients befoie stieptomycin theiapy was employed The 
dosage of stieptomycin was between 2 and 4 Gm a day in divided mtiamusculai 
doses, and tieatment was contuiued foi an aveiage peiiod of fouiteen days 
Thirty patients recovered and thiee died The deaths in each instance weie 
caused by advanced sepsis Beneficial lesults weie attiibuted to stieptomycin 
in twenty-six of the thiity patients, and in the foui lemaming patients the 
lesults were of questionable value In one of these the blood stieam was 
cleared, but sepsis was unielieied until suigical diainage of an abscess in the 
Indney was effected In the second patient with bacteiiemia also oiiginatiiig 
in the ladney, blood eultuies foi Klebsiella pneumoniae iveie again positive 
after seven days of treatment There was no lesponse to a second course of 
the dnig, and in all probability the bacteiia had become lesistant aftei the 
first coui’se of therapy There weie no unusual features in the other two cases 
One observation is common to the foin failiiies surgical tieatment of the 
piimary focus was not accomplished in conjunction with the chemotherapy 
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Sii patients iiitli lobai pneumonia in nliicJi K pneumoniae «eie tlie pie 
dominating oigauisni m the sputa iieie tieated with stieptomycin In each 
mstaiice initial tieatnient was empiiical, with penicillin alone oi in combuia 
tion with sulfadiazine Each patient leiiniiied ciitically ill m the face of this 
tlierapj Aftei sputum cultuies showed K pneumoniae predominatmg, a change 
was made to streptomjem thoiapj The dosage employed langed fiom 0 2 to 
OI Gm. given intrainusculail 3 eveij foui hours foi an average of ten dajs Ke 
spouse was stiiking in aU instances, the temperatuie and pulse having loturned 
to iioimal limits in seventj two houis in thiee instances Theie weie no lelapses 
Complete dealing of the lungs, hovvevei, vaiied accoidmg to the duiation of the 
infection Certainly on tlie basis of this Imiitcd e\peiiencc, stieptoinjcin ther 
ap 3 is mdicated in pneumonias caused bv the Klebsiella oiganisms Two cases 
of persistent Hemophilus influenzae mfeetions in penicillin treated pneumonias 
showed lapid resolution on stieptomvem theiapj A patient with a hemolytic 
stieptococcus pneumonia was developmg piogiessive cluneal signs in spite of 
seventeen dajs of noimaUv adequate peiiieillm Tlie penicillin was discontinued 
and streptomj cm, 0 25 Gm mtiamuseulail} evcij three houis, was given with 
beneficial results Paitial lesolution was noted clinicallv and bv \ laj in 
eight dajs, and complete lesolution two dajs latoi Anothei patient, who do 
V eloped postopeiativelj a tj^ie IX pneumococcus pneumonia with baoteiiemia 
showed no response whatevoi to stieptomyciii The oigaiiism was diugfast 
Therapj with a combmation of penicillin and sulfadiazine was successful In 
two childien, no dramatic altciation of the couiso of tlie disease attended strep 
tomjcin theiapy in poitussis with bioiiehopncumoma Sticptomycin was of no 
value in the treatment of one patient with atj pical pneumonia 

Gram negative baodli are infrequent primai'j causes of empj ema The} 
usuall} are piesent in niiNod cultuie with the more commoul} causal giam 
positive cocci The treatment of pure coccal empyema b} intnpleuial mjection 
of penicillin and by siiigei’} has } lelded very satisfactory results Streptomycin 
has been tiled m only a simll series of patients, either iloiie oi in combination 
with penieillni therapy The results as a whole are not spectacular This, in 
all probability, is due to the fact that streptomycin activity is markedly m 
hibited in exudates yvhich aie acid m reaction It seems important to emphasize 
the fact that m all the cases in which impiovement occurred the drug was 
employed m conjunction yvith adequate surgical drainage A possible advantage 
of the combmation of sticptomycin with peiiiciUm in empyema may be the 
more effective action of penicillin on giam positive organisms by virtue of the 
suppressive action of stioptomycin on penicillinase pioduciiig gram negative 
baeiUi In two instances of limg abscess and one instance of bronchiectasis 
a combmation of penicillin and sticptomycin, idmimsteied by nebulization and 
the mtrainiiscular route, was considered beneficnl Three patients with bron 
chieetasis yveie treated only bv nebulizatioii and parenteral streptomycin yvith 
out effect Two patients with pleiiritis one of undeteimmed origin and the 
other secoiidaiy to peiitoncal suppuration also were treated There was no 
beneficial effect m the foimei patient Improvement lesiilted in the latter after 
the peritomtis yvas controlled by combined streptomy cm and penicillin therapy 
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obtained In addition, 0 5 Gm of sticptonijcin is admniisteied uitramuscularly 
every foui honis Tieatment with snliadiaAine and penicillin may be earned on 
simultaneously The total duiation of tieatment with stieptom^ein should not 
exceed seven days 

Stieptomycin occupies a place similai to penicillin in the chemotherapy ot 
extiadiual and solitaiy biani abscess nhen caused bi susceptible giam-negative 
01 polybactcrial infections The technique of aspiiation of pus thiough a 
tiephine followed by injection ot the diu" (1 pei cent saline solution) thiough 
a eathetei pioduces satisfactou lesiilts except wlicie bone is miohcd and 
sequestiectomy is lequned Sistenncallv adniinisteicd diiig should be given 
simultaneoush with the local instillations to piotect against dissemination and 
spiead of the infection It is enijihasized that stieplomjcin docs not leaeh 
the biain ui assavable amounts and that theiapeutic lei els at the site of the in- 
fection can be aehieied onh In diiect uijection Ot eight patients with soli- 
taiy biam abscess with laiied bacteiiologi and piimaij causes leeeiving suigi- 
cal diamage and/oi nound iciision togethei nith combined sistemie and local 
stieptomycin theiapi, ieco\ei\ occiiiicd in scien The eighth patient died of 
sepsis 

Suppuiative Infectiom, of the Lat and Mastoid — Pi\c cases of otitis 
exteina due to susceptible giam negafne baiilli and gi am positive cocci le- 
sponded favoiably with thiee oi foui applications daih of cotton packs soaked 
in 1 pel cent steiile acjueous sticptonncin solution Chioiiic otitis media of 
mixed bacteiial etiologi also nas ticated with topicalh applied stieptomycm, 
togethei wuth paienteialh .idministeied ding in a few instances Of nineteen 
patients seventeen iveie benefited, while in two inst inccs of Ps aei lujinosa infec- 
tion no impiovement lesulted f'oinbincd thciapi seems lational because of the 
possibility of not contacting all icaclics ot the infection In citlici loutc alone 
Five to seven dais of tieatment seem adequate foi the majoiitv of cases Neithei 
local noi systemic toxic phenomena haie been observed fioni topical applica- 
tions of stieptonncin to the eai 

Theie may be a place foi stieptonncin alongside penicillin m the suigieal 
and postopeiative management of mixed infections of the mastoid A patient 
with mastoiditis with lateial sinus thiombosis leeoxeied w'lthout scciuelae aftei 
eventiation of the clot wuth paienteial stieptomvciii piotection 

It IS emphasized that sheptoimcm theiapy can be a \aluablc addition to 
the theiapeutic armamentainim foi infections of the cai, meninges, and biain 
only w'hen the oiganisms aie susceptible to the diug and when sound pioved 
surgical principles aie stiictli adheied to Theie is no contiaindieatioii to the 
coneuirent use of penicillin oi snlfuiiamides and stieptomjcin 

Infections of the Bespiiatonj Tiact — ^Pleiiiopiilmoiiaiy infections in which 
gram-negative baeiUi aie miplieated have been tieated wutli sulfonamides and 
type-specific antiseia wuth inconstant success These foims of theiapy, theie- 
fore, leave much to be desiieci Stieptomycin has been evaluated in pie 
dominantly gram-negative and otliei tj^ies of lesions involving the respiratory 
tract ^ ® 
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Two patients tieated piophjlacticallv aftei receiving stab wounds of the 
abdomen and chest did not beeome infected 

One case each of blastonij cosis, aetmonn cosis caused bj Nocaidia asteroidcs, 
and moniliasis was tieated intli stieptomycin Sustained impioiement and 
1 emission lasting foi an eight months’ peiiod of obseiwation weie obseiwed ni 
the patient iiith blastomj'-cosis The patient iiith actinomycosis showed remis- 
sion onlj iihile iindei tieatment TJie oigainsnis became drag-fast and the 
disease piogiessed iihen theiapy iias discontinued No beneficial effect fiom 
stieptomjcm theiapy iias noted m the patient iiith moniliasis Si\ patients 
with chronic bionchitis leceiving sticptomyein and/or penicillin alone or in 
combination both by the aeiosol and intiamiiseiilai loutes showed elimination 
of the giam-negatii e oiganrsms and tempoiaij'' clinical niiproi emeiit which was 
sustained onl3^ in those leceiving both penicillin and stieptomi cm Asthma, 
Hodgkin’s disease, pulmoiiaii sarcoidosis, and othei conditions of iinluioivn 
etiologj' ueie not benefited by sti eptomi cm (Asthma, two patients, pulmonarj’^ 
saicoidosis, seien, Hodgkin’s disease, two, acute pericarditis and iheumatic 
heart disease, one each) 

Brucellosis — Tivciitj'-ume patients yith biucelJosis ha\e been tieated inth 
stieptomycin, of whom sixteen had acute and thiiteen hod chronic cases Blood 
cultuies weie positive for Braeella in fouiteen of the sixteen patients with acute 
eases and a bacteiiemia nas pieseiit in two with chionic cases The oiganisms 
weie veiy sensitive m vitro to stieptom3cin The dosage of stieptom3cm vaiied 
between 1 to 2 and 6 Gm dail3’' (two patients) for an average period of fourteen 
da3’^s None of the patients with “chionie” biucellosis leeeived anv benefits 
whatsoever fiom stieptomycin therap3’- Of those mth acute cases, only two 
of the twelve tieated with stieptomi cm alone had faiih prompt lemissions and 
negative subsequent blood cultuies The bacteriemia disappeaied iii some but 
not m all of the subjects while the drag was being administeied Exaceiba- 
tions occurred m fi\e of the tnelve patients 

Detailed studi of one of the patients undei tieatment led to the suppoit 
of the hipothesis that the foci of infection m brucellosis weie not penetrated 
b3' stieptomycin administeied parenteiaUv Oial sulfadiazine, uhicli eailiei 
in the patient ’s disease was found to be ineffective, v as given m addition to the 
parenteial stieptomycin A prompt response was obtained and the patient 
has remained well foi eighteen months Five additional patients nith acute 
brucellosis (positive blood cultuies for Brucella m foui) also leeened combined 
stieptomvein (3 Gm daily) aud sulfadiazine (6 Gm dail 30 for an aveiage 
peiiod of fouiteen da3S Tiio patients aie S3Tnptom-fiee at this wiitmg Theie 
ueie lecuriences m tvo others six and twelve weeks, iespectivel3’^, aftei theiap3' 
was discontinued The fifth patient, a 24 - 3 ’’eai-old woman from whom no 
Biucella were cultuied, was unaffected bv the comliined theiapj’’ 

infechems of Intestinal Omgin — 

Typhoid Fevei Six patients with typhoid fever weie tieated The com- 
bmed oial and paienteral route was used in thiee patients, and the paienteial 
route of administration alone m the other tliiee No lemarkable lesults were 
achieved In only one patient, a fi-jmar-old child who was given the usual adult 
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dosage (piuportionatelj three tunes as great a dose as given the other patients), 
did the fever end abniptlj enough to suggest a i espouse to streptomjcm thei 
apy In two patients who were asv mptomatic tj phoid carriers, combined oral 
and parenteral streptomjein therapv did not eliminate typhoid baeilh from 
the feces A third earner, a recent patient with tv phoid fever with tj'phoid 
periostitis and positive bile cultnies, was benefited bv lesolution of the bone 
lesion and ehmination of Uberthella typlii from all cultnies 

Slngella and Salmonella Infections Beneficial effects were noted in ten 
patients with bacillarj dvsentery caused bj Shigella sonnet in torn and bv 
Shigella flexnert siibtjpes in six the majority having been treated pievnousl} 
mth sulfonamides Duration of theiapj varied from one to twelve dajs The 
most striking results were obtained in those patients treated during the first 
attack of illness and m those patients who icceived a combination of oi-al and 
intramuscular streptomj cm The symptomatic improv cment was associated with 
disappearance of the djsenterj bacilli from the stools Ivo relapses were re 
corded m this senes of patients 

Two patients with acute gastroentcntis and blood cultures positive foi 
Salmonella oiganisms vveie well at the end of seven days’ treatment vvnth stiej) 
tomycm given parenterallj and orally 

Oral streptomycin (100 mg per kilogram dnil> foi four to seven days) 
treatment of three infants with Salmonella dnnheas lesultcd m remission of 
sjTnptoins and in cultures negative foi Salmonella for a three week follow up 
penod Of five patients with lecuncnt diarrhea showing Silmonella orguiisms 
two received oral streptomjcm without effect One of these and tliree others 
of this group when tieated with combined on! and intramuscular streptomjcm 
obtained sjTnptomatie relief and cultures remamed negative for Salmonella 
species In follow up these patients had mild abdominal cramps and loose 
stools, but Salmonella did not reappear 

Colitis II Of the patients wath nonspecific ulcerative colitis nine of those 
m the acute active phase with svstemic manifestations had remissions of symp 
toms while receiving combined oral and pai enteral streptomvein therapj but 
the results weie not permanent and there was no stnking improvement as evi 
deneed by sigmoidoscopie examination The amelioration of sv mptoms obtamed 
bj streptomjcm therapv mnv be valuable m restoiing the patient sufficientlv 
BO that surgery can be more safelj undertaken Seven patients in the chronic 
static phase of colitis showed no improvement whatsoever In our experience 
the use of streptomj cm is not justified in the medical management of idiopathic 
ulcerative colitis 

Streptomjcm theiapv was tested m two patients wath amoebic colitis and 
found to be of no value 

Infantile Diarrhea Thirteen infants suffenng from epidemic diarrhea of 
unknown etiology received oial streptomjcm therapv in a dosage of 0 1 Gm per 
pound per day incorporated in the milk formula At the start of treatment 
all were in shock and severelv dehjdrati,d It seemed that streptomvein was 
the determining factor in saving at least four of the ten survivors Vigorous 
fluid and protein replacement were important features of the therapeutic 
program 
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Pentomhs Si\ty-thiee patients ha\e been tieated ivith streptomjcm foi 
peiitonitis of fecal oiigm Fiftj'-eight patients iccoveied and five died Three 
of the fatalities veie instances of geneialized fihnnopuiulent peiitonitis, and 
streptomj'cm was added to the theiapj’^ aftei the patients had become moiibund 
Eighteen of the patients who lecoieied i\eie tieated with stieptomycin alone, 
thiity were treated iiith stieptomycin and penicillin, and ten were tieated 
with stieptomi cm, penicillin, and sulfadiazine The most sti iking response 
yas associated yith the use of stieptomycm ui eaiE spreading peritonitis, 
whethei used alone oi in combination with tlie othei antibiotic agents Approxi 
mately the same eouise yas seen in the lesolntion of established peiitoneal sup 
puiation undei stieptomjmin therapy as uiidei massne doses of peniciUin The 
infections that had alieady localized showed less consistent lesponse to strep- 
tom'^cin The impression was leeeived that moie lapid lesoliition of these 
lesions resulted with combined stieptomycm and penicillin theiapj The most 
consisteiith’ beneficial effects weie piiisnant to the concuiient mtiamuscular 
administiation of 0 3 Gm of stieptomycin and 100,000 units of penicillin even 
thiee houis It seems likely that the eomplementaiy antibacteiial spectra of 
these two antibiotics will fayoi then combined use for peiitonitis of poh bacterial 
etiologj’’ 

WoitiK? Infections — This unit is cspecialli concerned with identifying the 
indications for, the dosage of, and the adiuiant utility of stieptonncin m the 
treatment of impending and established wound infections At this wilting, 
data on the lesults of theiapi" in si\tj-one patients wnth infections of soft tissues 
have been e\animed critically Although these data aie insufficient to establish 
precise elmical standards, these cases are sufficiently lepiesentatnc to indicate 
certain possibilities and limitations of the antibiotic Stieptomycm appaienth 
has its chief field of usefulness in the theiapy of cellulitis Paiticularlj faioi- 
able results were obtained m acute mixed giam-positne and gi am -negative in- 
fections which weie not responding to, or which developed m the face of, peni- 
cillin theiapy Anothei use foi the drag appeals to be the giam-positne coceal 
infection which has not i esponded to maximal doses of penicillin within seventj-- 
two hours, 01 earliei if in vitio eiidencc of penicillin fastness has been secured 
A third mdication foi use is the occasional case of streptom’s cm-sensitii e giam- 
positive eoeeal mfection developing in the patient with idiosmeiasi to peni- 
cillin It IS wortlii of note that the mixed infections m this senes oceuiied 
predominantly below the level of the diaphragm No strikingly beneficial results 
have been noted following topical application of stieptomjein to wounds It 
IS well to recall that the mere presence of giam-negative oiganisnis in a wound 
IS not pel se an indication foi stieptomicm theiapy These bacteiia aie a 
featuie of necrotic tissue and aie elunmated only when all such tissue is re- 
moved The only indieation for topical stieptomycm theiapy is in conyunction 
with debridement The dosage of streptomycin when used alone has been 2 to 
3 Gm pel day When used in combination with penicillin, the dosage recom- 
mended at present is 0 25 Gm togethei with 50,000 units of penicillm, given 
intramuseulaily eveiw foni houis Investigations to establish the optimum 
dosage of the combination are now^ being conducted 
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Two hundred and fiftj eight complex wound infections of battle easualties 
were also eialiiated Almost all of them were associated wnth chronic osteitis, 
fihrosis, and diminished local circulation Usuallj a mixed bacterial flora was 
present Staphylococci and streptococci were almost constantlj identified and 
clostndn weie piesent in approximate!} one fourth of the patients A laneti ot 
gram negative bacteria including proteus coli, pseudomonas and aerogenes were 
associated Of these patients ninet} eight were considered to he benefited and 
one hundred and sixty weie consideied as not benefited b} streptomxcm 

The mam task of arresting chronic infection m bone is surgical, not chemo 
therapeutic Penicillin and to a lesser degree stieptom}cin, relieve the sui 
geon’s anxiety about sepsis and piotcet against spread of mfection attending 
traumatic surgical pioeeduies Chemotheiapx has a definite place in the post 
operative management of the bone cant} Bacteria haibored in residual dead 
tissue and blood clots perpetuate infection unless eiadieated Onl} local chemo 
therap} can soak these tissues in high enough concentration In our expel lence, 
combined penicillin and streptom}ein theiapv is distinctly advantageous in the 
management of chrome osteitis from the time of sequestieetom} through the 
time of diverse reconstructive procedures 

Tuherculosts — Streptom}Cin has now been demonstrated to be a valuable 
agent in certain forms of tubeiculosis In the pulmonar} forms, administration 
parenterally of streptom} cm in daily doses of 2 0 to 3 0 6m a da} for periods 
up to one hundred and twent} da}s results m improvement above and beyond 
tliat expected fiom bod lest alone in 50 per cent of the patients The exudative 
phase of the infection responds most leadil}, wliile fibrotic lesions remain un 
changed Stieptom}cm in conjunction with collapse therapy enhances the 
prospects of clinical arrest of the disease in properl} selected cases This anti 
biotic affords protection against spread of infection postoperativcly followmg 
thoracoplasty The results m pharyngitis, lar}ngitis, and bionchogonic tuber 
culosis aie generally encouraging Streptomycin has some effect in mibary 
tuberculosis and in tuberculous meningitis, though relapse following withdrawal 
of the drug must be anticipated Stieptom}cin in combination with appro 
priatc surgical treatment seems indicated in hematogenous tuberculosis with 
soft tissue involvement and in bone tuberculosis though observations are still 
limited 

Streptom} cm therapj of tuberculosis is not w ithout danger There is some 
relationship between toxicity and dosage and duration of therap} (see Untoward 
Reactions) Central nciwoiis S}3tem effects, cspeciall} on the vestibular portion 
of the eighth cranial nerve, aie a common feature of the courses of therapv 
nceassarv to affect tubeiculoiis lesions These effects aic slow to reverse them 
sell cs and some damage ma} be permanent 

UNTOWIRD RILVCTIONS 

The case records of eleven hundred and fiftj three patients in this senes 
weie revaewed and the untoward reactions were tabulated The over all incidence 
of side effects was 27 9 per cent (three hundred and twentv two patients) In 
discussing these reactions from the standpoint of incidence, set eritj , and cause, 
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it IS emphasized that this senes was begun in 1945, Mhen streptomycin was 
lelativety impuie As noted bj JIcDeimott,^ ceitain untoward reactions are 
piobably the effects of impunties in the stieptomycin, 1111116 otheis aie caused 
by the stieptomycin molecule itself It might be pointed out that a numbei of 
the side reactions lecoided heie aie now only of histone inteiest 

Neurologic Distuih(mcc<t — These aie the most impoitant Theie aie two 
types, the peraistent oi slowh legiessing, and the tiansient Of the transient 
reactions, cncumoial palloi and tingling of the face and e\tiemities iiere le- 
corded fifty times This leaetion has appealed as eailj as following the fiist 
intramusculai ni]eetioii Disappeaiance in the face of continued therapj^ is 
usual Flushing of the skin is an occasional concomitant Tinnitus, which also 
may appeal eaih, -was noted in twenti -eight patients Vertigo may be either 
transient or peisistent and its appearance should be reason for caution Neu- 
rologic e\amination is indicated yhen this sMiiptom appeals Tiansient vertigo 
appealed usualh between the thud and tenth dais of tieatment and lasted 
one or more days It is iceoidcd thirty times, yhich may be an undei estimation 
of the incidence Peisisting veitigo, which was accompanied by an ata\ic gait 
and absence of vestibulai i espouse to calonc tests, was noted in fifty-six patients 
(5 per cent) All weie on couiscs of thciapr ranging fiom twenty-one to one 
bundled and trventy da'ss The incidence was highest in these treated for one 
bundled twenty days The earliest appeaiance of this disturbance lecoided 
is in a patient receiving 3 6m of stieptom-scin daily foi fourteen da'ss The 

incidence in eight 3 ’’-one patients receiving 0 5 Gm of stleptom^cln even 

four hours intramusculai ty up to a total of 50 Gm was 3 7 pei cent ^ Tins 

reaction is slow" to leieise itself Paitial deafness w’as lecoided in twelve 

patients (1 per cent) , all w'ere patients with tubeicnlosis on a one hundred 
tv'enty-doj" program 

Sensitizations — Dermatoses occuiied in thii tv-five patients These leac 
tioiis were accompanied b^ pimitis and usualh bv fevei and eosinophilia The 
manifestations varied from localized macular eruptions orei the fiexion creases 
of the forearms or over the sites of injection to generalized rashes In six 
patients urticaria presented The usual appearance of sensitization reactions 
was betw"een the fifth and tenth days of therapy Withdrawal of the drug 
alwajs resulted in subsidence Reappearance did not ahvays follow' a second 
course of tieatment In some patients the reaction gradually disappeared in 
the face of continued streptomycin administration in conjunction with anti- 
histamine drug tlieiapi There were four instances of exfoliative dennatitis, 
all in patients with tuberculosis This reaction is seiioiis and lequiies prompt 
withdrawal of the drug Disappearance is gradual 

TJiinarij Phenomena — ^Albumin and micioscopic examinations were made on 
a series of forty patients leceii'ing parenteral streptomycin therapy Slight 
albuminuria occurred in all instances and cjdindmiia in tw’enty eight These 
findings were not present at the conclusion of tieatment Renal irritation in 
no instance w'as regarded as sufficientlj important to inter nipt therapy Tests 
for azotemia should be earned out on patients w'lth evidence of prior renal 
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(hmage or on patients iiliosc coui'se of therapj is extended bejond two weeks 

Htstaminehkc Reactions — These aie transient and lelativelj imeommon 
with presentlj used stieptomjoin In this senes, headache was recorded fifty 
five times, nausea and lomiting, twentx thiee times aithralgia, thirty foui 
times, and asymptomatic fall of 20 mm Hg or moie of sjstolic blood pressuie, 
ten times 

Local Iintahons - — This complaint, fonneil} uniieisal, is now less fie 
qiientl} encountered In oui expeiiciice, the intramuscular injections of pres 
ent batches of streptomjcm are still followed bj some pain and soreness, more 
so than in the use of penicillin, but we no longer make a practice of diluting 
the streptomj cm in procaine solution It is our loiituie to rotate the sites of 
mjection among the deltoids, the hips, and the thighs 

On the basis of this expeiience, it is concluded that the use of higlih 
pimfied streptomj cm is justified m the treatment of all types of serious infec 
tions due to susceptible bacteria Tieatment certainly can be continued wuth 
safety for ten days 

SUMMARY 

1 Experiences with stieptonijciii tlierapj m twche hundred patients 
with infections tioated in U S Army Hospitals bale been piesented 

2 The wide variation in sensitivity of bacterial species to stieptomycin 
emphasizes the importance of checking the causative oiganisms in the labora 
torj for their susceptibility piior to therapj wherever possible The cardmal 
pnnciples which govern m the various fields of medieme and surgery must be 
fulfilled m conjunction vvath the chemotherapeutic progiam Failure of the 
host to lull small numbers of resistant organisms oi the presence iiiitiaUj of 
many resistant forms, will result in ineffective diug therapj in many instances 
and m the persistence of drug fast bactena Drug fastness to streptomycin is 
specific and is not earned over to other chemotherapeutic agents 

3 Present indications for the diug include gram negative unnarj traet 
infections, tulaiemia, bacteriemia, pneumonia, and meningitis due to susceptible 
organisms, and certain otolaryngologic conditions associated wath giam negative 
bacteria 

i Bacterial pneumonitides caused by sticptomv cm susceptible organisms 
arc hkelv to show good responses to streptomjcm therapj Results m bron 
chiectasis and empj ema hav e not been spectacular 

5 In limited experience, acute brucellosis wath bacteriemia was favorably 
mfiuenced when streptomycin was given m combination with sulfadiazine The 
drug IS of no value m “chronic” brucellosis 

6 Results m typhoid fever have not been encoiiragmg 

I Stieptomjcm shows promise m the treatment of bacillary dysentery 
refractory to sulfonamides and m some types of Salmonella infection It may 
be influential m bringing about a remission m active idiopathic uleerativ e colitis 
with severe secondaiy infection caused bv susceptible organisms The drug is 
not useful against amoebic cohtis 

S Striking results have been obtained with streptomycin therapy m a 
few patients with early diffuse peritonitis, but the most consistent beneficial 
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effects weie noted when the stieptomycin ■was given in combination with 
peniciUm 

9 Stieptoniycin is complenieiitaij’^ to penicillin in the suigical nianagcmciit 
of vound infections, and mai be of value in ceilain lesions heavil-s infected 
■wntli fecal oiganisms 

10 A general statement has been made lelatne to the preliminary lesults 
of streptomy cm theiapy in tubercfilosis 

11 The incidence and tyTie of untouaid leactions eneounteied m tins 
senes have been presented It is concluded that the toxicity^ of presently 
available streptomy cm is sufficiently' low to yustifv its use in serious uifections 
against yvliich it has been shoy\n to be effective 


ADDENDUM 

Seven patients in all have completed a course of therapv to date, that is, 3 Gm of 
streptomvcin per day together with 6 Gm of sulfadiazine, for an average of twenty one 
days The results of therapy are as follows Two patients ire well and svmptom free 
eighteen months following treatment A third patient has been free of complaints for 
nine months except for arthralgia of both knee loints and the proximal phalanges of the 
third and fourth fingers of the right hand In this patient the agglutination test for 
Brucella organisms was positive once in a dilution of 1 ICO, but negative when repeated 
Opsonoov tophagic test was performed bv the National Institute of Health and was reported 
positive in 1 40 strength This patient has been seen by a number of consultants for loint 
diseases who feel that the arthritic process is rheumatoid rather than due to brucellosis 
In two other patients relapses occurred on the seventh and twelfth weeks after treatment 
A second course was not given because both patients sufTered moderatelv severe vestibu 
lar disturbances A sixth patient is well at this writing, but the period of observation 
has been for a duration of only three months A seventh patient, in whom positive blood 
cultures were never obtained, was uninfluenced bv the combined therapv 
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SEROLOGIC STUDIES OP INFLUENZA JLVDE IN BOSTON 
DURING THE WINTER OP 1945 194G 


Maxa\ fll Pinl \nd, M D , Mildred W B \K'rES, M S M in son jMeuds, M D , 
AKD Edwin M Or\, MD 
Boston, Mass 

T he 1945 epidemic of influenza B which was lecognized in iiiani paits of 
this countij and in othci countries' " leaehed its peal of incidence in and 
around Boston dining the lattei half of Dccembei, 1945 This epidemic offeicd 
an oppoitunit} to male some serologic ohscriations dining and after an out 
break of influenza B similai to those that were made in this laboiatoia during 
and after the outbreak of influenza A that oeeuiied here in Dccembei 1943 " 
The reactions of the anuses obtained during the height of the 1943 epidemic 
and the antiboda lesponse to ehaiactciistic infections oeeuiiing at that time 
indicated that the epidemic cases weie caused chiefli In stiains of influenza 1 
anus similar to PRS The postepidcmic cases of clinical influenza on the othei 
hand, weie atypical not onh with respect to the Miiises which wcie isolated 
from some of them but also \nth icspeet to then antiboda responses to both 
their own strains and to the standard PRS strain Tlieio was no cndence ot 
infection with influenza B in any of the cases studied 

After the influenza A epidemic it was also found that the seia of iiost 
persons gning a characteristic histon ot influenza dining the peiiod of the 
epidemic had signiflcantly elerated titcis of intibodics to PRS demonstrable foi 
as long as twehe weeks after the onset of these samptoms Such eleaated titei-s 
could not be found during the same pciiod in the sera of peisons who denied 
hating had any samptoms of acute respnatoia infections or who had had samp 
toms which could be distinguished leadila as those of the common cold and 
not influenza 

Of particular inteiest aaeie the high titers of antibodies to PRS that aaeie 
demonstrated in sea ere cases of bacterial pneumonia aaliicli occrnied dining and 
shoitly after the epidemic and in aahich there awas an antecedent Instoia of 
clinical influenza Those findings and the isolation of influenza aims fiom the 
lungs of three patients aaath fatal cases suggested that the occuiience and 
seaeiaty of the pneumonia in such cases aaerc i elated to the influenza aims 
infection 

The present paper deals chiefla aaith the results of seiologic tests foi influ 
enza antibodies in eases of clinical influenza and other acute respiraton infec 
tions which oeciiricd dining and for a few weeks aftei the epidemic pieaalence 
of influenza B The results of tests made on taao other groups of sera are also 
included one gioup consisted of paiied sera obtained dining and shortla after 

. From the Thorndike Memorlnl Laborntorj Second nnd Fourth ‘Medical Services (Unr 
^ru) Boston CIt> Hospital and the Departmennt of Medicine Hnr\ard "Medical School 
Ml<»s MaT\ j Graham rendered technical assistance during part ot this studj 
Recched for publication Oct 30 134* 
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the lieight of the epuleiiiie iioin peisoiis a\]io ^\elc entnelj" fiee oL jllnesh, and 
the othei consisted ot single samples iioin a somewliat laigei gionp of persons 
obtained a feii Mccks aitci the epidemic had subsided The results of attempts 
at isolation ind identification ol mhis from ]iatients with acute cases in this 
epidemic and the serologic findings in cases of pneumonia aic left for sepaiate 
consider ation elscMheic ’ 


M VTURIALS VXD Ml rilODS 

ScJolocjic Testb — Both inhibition of chicken cell agglutination and comple- 
ment fixation tests Mere earned out in this stiidi The antigens employed in- 
cluded the PRS strain'' ot influenza A and the Lee strain** of influenza B and 
two strains, WC and IMF, of influenza B isolated fioiii patients early in the 
course of this studi The details of the collection and preservation of the sera, 
the serologic methods, and the mannei of leading and recording the end points 
■were identical iMth those used in a collateial stiidv 

Cases Stitched — Included in the present studies were members of the hos- 
pital and labor atoiT staff, both vith and without illness, and patients admitted 
to the regular adult medical -wards of the hospital between the middle of De- 
cember, 1945, and eailj in March, 1946 Control sera obtained earlj' in the study 
Mere available from some of the hospital and laboratory personnel vho siib- 
sequentL developed lespiiatoii infections With a few exceptions (noted in 
Table III) patients admitted to the hospital with clinical and \-iay findings of 
pneumonia are omitted here, since thej’’ arc consideied sepaiatelj’^ elsewhere 

Clinical Findings — The clinical features of the cases of influenza neie quite 
characteristic and veie similar to those observed in the Needham outbreak 
In the patients who were seen during the acute illness, an attempt was made to 
evaluate and classifv the clinical findings at that time This was done again in 
all of the patients when all of the clinical findings were available and entiielv 
wnthoiit refer ence to the serologic data Those with findings that fit the chai- 
acteiistic picture of the epidemic disease, namelj’^ chills or chillv>- sensations, 
fever, prostration, headache, eveball soreness, generalized aches, mild sore tluoat, 
and some cough, were classified as having clinical influenza and the seventy of 
then lUness was graded 1 plus, 2 plus, or 3 plus Patients with a minimum of 
fever and sj'steniic svmptoms but with moderate or marked coijza, with or 
without cough, were classified for convenience as havung “colds ” A thud tvpe 
of illness was also recognized in which the sv'stemic symptoms resembled some 
what those of influenza but the patient suffered chiefly from anoiexia, nausea, 
vmmitmg, and diarihea and had no symptoms lefeiable to the lespiiatoiv liact 
— ^so-called “intestinal flu ” 


RESULTS 

The cases studied have been arranged for convenience into two main gioiips, 
one including patients with acute lespiiatoiv infections and the other those 
without such infections Tlie former W'as fuitJier arranged into foui subgioups 
to include patients in whom there was serologic evidence of infection with 


OriginnlU obtained from Dr Thomas Francis Jr A.nn A.rbor Alfch 
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influenza B , patients in ■nliom studies of acute and coni aleseent pliasc sei i f tiled 
to iield eiidence of infection iiith either influenzs A oi B patients ivitli seicic 
acute respiiaton infection, including file ivlio had fatal eases ftom ulioin sei i 
were available onlj duiing the acute phase of the illness and fimllj those in 
uliom theie iias serologic endcnce of infection iiith influenza A The gioup 
Mithout respiraton illness i\as composed of tiio subgioups a small nuinbei of 
hospital and laboratoi} uorkeis from uhom contiol seia iieie obtained in the 
second iieek of December and again about thiec iiceks later and in uhom no 
lospiiitoij illness dei eloped during the coui-se of this studi and hospital pei 
sonnel and iiard patients uho were undei ticatment at the time foi nonfebrile 
illness otliei than acute respiraton infections and iilio each coiitnbuted a single 
specimen of seium toivaid the end of this studi The lesulfs of the seiologic 
findings in each of these gioups of cases mil he eonsidcied sepoiateli Tlici 
mil then he summarized m oidei to hung the findings in the laiious gioups 
into proper peispeetive 

Patients AVith Acutf RtspiHATom Infections — 

Gtoup I Patients Vihtli Serologic Evidence of Influenza li Infection — The 
leleiant findings in tiienti thice such patients uie listed in Table I In each 
of these patients thcio Mas at least a fouifold use in titei of the influenza B 
antibodies and much gieater uses iieie noted in almost eieij instance Foi 
the most part rises of similar giade iveie demonstrated hi both the agglutinin 
inhibition and the complement fl\ation tests iiitli the Lee stiain and mth the 
tiio epidemic stiains There iveie icrj feu disci epancics, as foi example in 
Patients 4, 7 and 9 in uhom the agglutinin inhibition test mth one oi anothoi 
of the B muses shoiicd little oi no rise ivhilc signiflcant uses iveie noted hi 
complement fixation mth the same viius or, indeed hi the same test mth anothci 
of the B strains 

There was no appieciahlo use in titci of PR8 antibodies demonstiahle hi 
either of the tests used in am of these cases The initial titeis of these anti 
bodies were Ion except for a few elevated titers of agglutinin inhibition 

Each of these patients mth the exception of the fii-st one, had an infection 
Minch was consideied to be clniactciistic of the epidemic influenza and mIiicIi 
began bctiiecn Dec 12 and Jan 3 The illness liouciei laiicd coiisidcrabli 
in these cases both mth lespect to the height and duiation of the feiei and 
the seieriti of the sistcmic smiptoms Lcucocite counts iieie done during the 
acute illness in most of these cases Onli two patients slioued elevated counts 
11,700 in one and 14 000 in the othei and both of these patients had model atcli 
severe tiachioluoncliitis without plnsieal oi \ lav si„iis of puhiioiiaiv inflltn 
tion The Icucocvte counts in slighth moic than half of the icmaniing cases 
ranged betucen 4 200 iiid 0 700 and in the othcis tliiv i inged hotMccn 7 000 
and 10 000 

The oiilv patiint mthout the chanctciistic fiiidnigs of (liimal iiitiucii/i 
(Patient 1) had a mild loiv/a mIikIi he„au Dec 6 lasted foi ten dais and Mas 
not aciomiianied hi foiti oi sistcniic siiiiptoms In tins case a use in the B 
aiitihodios oieuiied fioni loi\ titeis aftoi the i iglith dai In five addition d 



18 


FINLAND, BARNES, MEADS, AND ORY 


Table I Serologic Findings in Patients With Evidence of Influenza B Infection 
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Onlj tuo sera are listed in each case Intermediate and latei sera Mere obtained and 
studied In almost et er> case but these are omitted from this table and from Tables II and 
HI Those selected for Inclusion in these tables shoued the maximum changes obsei\ed 


S\mptoins considered tipical of influenza are giaded according to se\eiitj as + ++ oi 
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♦Relapse uith increase in seieritj 
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patients there i\as auothei distinct illness preceding the one considered to be 
influenza This antecedent illness was elassified as a common cold in foui 
instances and as “intestinal flu” in the fifth The intenal hetueen the onset 
of the two illnesses ivas thico dajs m one patient and from eight to thirtj one 
da\s in the otheia., and the initial seinin avas obtained up to three dajs aftei tlie 
onset of the second illness In none of these cases, houcaei avas a significaiith 
elevated titer of antibodies for cither the A oi B airiiscs demoiistiated in tlic 
acute phase serum to suggest a possible carliei influenzal infection, Patient 11 
iiiaj he an exception since an eleiated titci of agglutinin inliibition uas deiiion 
strated in tlie first blood uith the PR8 strain The coiiesponding coiiiplenient 
fixation titer, hoivever, uas not coiicspondinglj cleiated in that serum and tlie 
interpretation of this finding must lemain m doubt Patient 6 uas admitted 
on the eleienth dai after the onset of what was eonsidcicd to be a tipical but 
mild influenza from which he seemed to improve until a relapse occurred with 
similar but somewhat more seveie sj-mptoms three davs prioi to entiv The 
Lee antibodies were elevated in the initial blood obtained on entry but later 
showed a significant rise suggesting that the initial infection was indeed 
influenza B 

Oroup II Patients ’Without Evidence of Influema A or B Infection — For 
reasons which wall became apparent later, the patients in whom tests of acute 
and convalescent sera failed to disclose any evidenee of infection with either 
influenza A or B wore divided into two groups according to the date of onset 
of their illness Those in vihom the illness began befoie the second 'sveeh. in 
January corresponding to the dates of onset in the cases just described, will 
be considered first Tlie few patients whose illness began after the middle of 
January will then be discussed 

A Patients With Onset of Illness Pttoi to Mid Junuaip If/iosc Set a Failed 
to Show an Antihody Rise Theio were twentj one such patients and the find 
mgs are sliovra in the fiist part of Table II (Patients 24 to 44) Thoic was no 
antibodj rise whatever in am of these cases to PK8, Lee B or eithei of the 
epidemic stiains demonstrable bj eithei of the tests used The initial titers 
in these cases weie low, for the most pait and coriesponded to those observed 
in the patients in whom uses in influenza B antibodies weie demonstrated 

The illness in thiiteen of these twentv one patients was similai in most 
lespeets to that obseived in the picvious gioup and was classified as iiifliieiiza 
of varving sevcritv In the otliei eight patients the illness clinicallv eithei 
lesembled the common cold (foili cases) or the svaiiptoms weie piedomiiiaiitlv 
gastiomtestiiial (two cases) or both of these tvpcs of illness occuiied in siicecs 
Sion (two cases) 

B Patients iMiose Illness Began Aftei Mid-Januanj and Whose Sera 
Failed to Show an Anttbodi/ Rise Theic wcic onlv eight patients in this group 
and the findings aie shown in the lower pait of Table II (Patients to '>2) 
In this small gioup theie seeimd to be a highei piopoition of seia in whnh 
agglutinin inhibiting antibodies foi PRS weie in the high range llio tilcix 
othciwise weie smiilai to those obseived prior to Tan 7 Fach of the patients 



Tabil II Patients With Acute Eespiratori Iniictions Lacking Serologic Emolnce oi 

Inpiction With Infiuin/a A or B 


clinical 


AVERAGF TITFR OF INFI UF>}ZA ANTIBODIES 


r* 

1 INFLUENZA 1 

P 

Csi 

U. 

ce 

b 

o 

w 

1 PR8 

1 LEE 1 

1 4\C 1 

mf 

w 

y' 

A 

O 

o 

u 

cn 

ff. 

>< 

55 O 

3 « 

O s; 

S: ^ 

COMPLEMENT 

FFXAIION 

C A 

A O 

P a 
o tJ 

1 

u 

'P A 

M O 

fe < 
ot: 

U b. 

ss 

Eh Eh 

5 S 
o 5 

1 

1 

1 

H 

A 

u. 

P A 

W O 

o d 

U Ct, 

S 4- 
^ o 

^ s ' 

P Q 

p a 
< 21 

Eh 

A 

< A 

M O 

2 £h 

K < 

5!i 

_'4 

n/25 

( 

12/14 

30 

IS 

44 

1 , 








12/M 

80 

48 

60 

1 1 






12/ 2 

(’ 

12/14 

S 

o 

4 

2 








12/. 1 

8 

O 

(> 

a 





_’() 

12/ 7 

C 

12/20 

> ) 

20 

24 

) 








12/24 

12 

24 

12 

) 





11 

ll/2b 

D 

12/14 

(> 

20 

24 

12 






12/ 0 

r 

1/ 2 

0 

10 

8 

10 





28 

12/11 

+ + 

12/17 

1 1 

13 

10 

6 



6 

6 




1/ 3 

10 

0 

15 

J 



8 

0 

29 

12/11 

+ + 

12/14 

1(. 

1 

10 

() 

2 

12 

2 

12 




1/ 5 

16 

4 

10 

10 

2 

14 

2 

12 

30 

12/11 

+ + 

12/lf. 

4 

7 

4 

7 

2 

4 

o 

5 




12/11 

4 

o 

> 


2 

4 

4 

0 

31 

12/11 

D 

12/18 

23 

5 

2 

3 








1/ 4 

28 

5 

3 

2 





32 

12/12 

+ 4- 

12/12 

OC 

80 

72 

10 

3 

10 

3 

12 




1/ 2 

00 

06 

88 

20 

4 

8 

3 

12 

33 

12/13 

D 

12/14 

88 

10 

24 

15 

2 

10 

5 

6 


12/14 

C 

12/28 

48 

20 

34 

27 

5 

24 

5 

0 

34 

12/14 

C 

12/17 

2 

2 

2 

2 








1/ 2 

2 

2 

o 

2 





35 

12/14 

+ 

12/14 

16 

28 

12 

30 

16 

40 

16 

28 




1/ 2 

16 

28 

14 

32 

16 

40 

16 

32 

36 

12/18 

D 

12/18 

10 

6 

5 

3 

2 

3 

6 

3 




1/ 4 

10 

0 

4 

■) 

> 

O 

3 

12 

1 

37 

12/10 

+ 

12/13 

12 

5 

7 

12 

4 

20 

4 

16 




1/ 2 

12 

10 

0 

8 

3 

12 

4 

14 

38 

12/19 

+ + 

12/lS 

16 

23 

2 

32 

24 

24 

6 

20 




1/ 2 

16 

30 

t 

40 

24 

28 

6 

24 

39 

12/30 

+ + + 

12/23 

10 

24 

0 

6 

O 

0 

6 

8 




V 7 

12 

24 

, 

5 

2 

5 

6 

10 

40 

12/22 

+ 

12/24 

() 

24 

y 

4 

4 

> 

2 

3 


1/ 4 


l/ll 

0 

10 

3 

4 

O 

> 

> 

o 

5 

41 

12/23 

+ 

12/14 

8 

5 

14 

6 

4 

10 

24 

10 




1/ 4 

0 

7 

14 

7 

4 

10 

10 

lb 

42 

12/23 

+ + 

1/12 

04 

2 

24 

■> 








1/13 

04 

o 

12 

O 





43 

V 

+ + 

1/ ? 

SO 

28 

72 

24 








1/15 

80 

28 

72 

24 





44 

1/ G 

+ 

1/ 2 

20 

16 

64 

12 








1/17 

20 

10 

00 

32 





45 

1/18 

4- 

2/ 4 

64 

O 

12 

O 








2/14 

128 

6 

12 

2 





46 

1/21 

+ 4- 

2/ 

64 

16 

24 

1 








2/21 

00 

11 

8 






47 

2/18 

+ 4- 

2/20 

112 

20 

28 

4 








3 /5 

171 

32 

27 

4 





48 

1/17 

+ 4- 

2/21 

64 

6 

04 

14 






2/20 

c 

1/12 

64 

0 

04 

20 





40 

3/ 4 

4-4-4- 

2/26 

25 

7 

30 

s 








,/n 

24 

7 

30 

7 





50 

3/ f) 

4-4-4- 

V 7 

16 

20 

! 

14 








4/ 1 

24 

20 

1 

12 





51 

VI 2 

f + 

!/l 

102 

23 

12 

s 








1/ 2 

102 

23 

24 

7 





52 

./12 

4- 4- 

/I' 

64 

28 

32 

20 








'/2S 

64 

oo 

^2 

10 






Sjmptoms considered U pical of influenza aic giaded nccoiding to sc^elit^ as + ++ oi 
+ + + C cor\za and/or coufjh without «?^stomIc sMnptonis T) gastrointestinal sMiiptoms pie 
florninant 



'll nor OHIO sruDirs oi jmlufn/v 


21 


lirij all illin.!)^ wliitli m is cIui ittciisln ol llic tjiitluiiit- inlhiLii/i Oiit liad a 
second illness classified is a lold ailiich licf,an one daa piioi to the time the 
initial Wood nas taken 

Gioup III Fiiidijii)', in A(ii/i Phuse Siia — Tlicie was i t,ioup of twentc 
Iiatients Mitli scceie icutc icspiiatoij infections lioin nlioin sua Here obtained 
dining the acute phase of the illness, but latci s])ccimens weie not aaailablc 
Almost all of them had simptoiiis that began befoic midJannnj and neic 
classified as those of influeiua In some of them these simptoms neie followed 
b} the tipical findings of pneninoeoccal ]iiicuiiionia Theie nere fiie deaths in 
this group but autopsies ueie not obtained in am of them Agglutinin luliibi 
tion titei-s gieatei than 64 against PR8 weie noted in tno patients and against 
Lee in one patient, but the eoi i espondmg coiiplement fisation titei-s ueie Ion 
in each instance The lemaining titeis of antibodies to the PRS and Lee stiains 
m this gioup of cases ueie all Ion and coiicsponded to those found in the acute 
phase seia in those patients nho latei showed a use against the B stiaiiis 

Group 7T Patients With hootoyic hvidence of Influenza A Infection — ■ 
Thcie neio thiitcen patients in ntioiii the seiologic findings indicated infection 
nitli influenza A The leleiant d ita in these c ises iie summaiized m Table III 
The onset of illness in all ol these cases oeciiued betneen Jan 18 and Feb 3, 
escept in Patient 53 nlioso sMiiptoms began Dec 28 In five of these patients 
(Patients 56 57, 62, 63, and 64) the initial serum obtained between the seventh 
and twentj first dav aftoi the onset alieadv had significant!} elevated PRS 
antibod} titers Houoiei, m contiast to the isolated instances of elevated titers 
of agglutinin inhibition b\ PRS noted in the picvious gioups of cases m uliioh 
there was no coiiesponding elevation in the titci of complement fixing antibodies 
obtained with the same virus the elevated titcis in the piesent five patients weie 
demonstrated b} both tests In the lemaining eight patients, significant and 
usually maiked uses in antibodies occiiired to the PR8 but not to the Lee vnrns 

Seveial attempts to isolate a vans fioiii phaivngeal washings obtained dui 
mg the fiist dav of illness in two of the patients (Patients 54 and 60) weie 
entiiel} unsuccessful 

Theie weie two patients in this gioup in whom thcie was definite serologic 
evidence of successive infections, fiist wath influenza B and then with influenza A 
One of these Patient 58, was oiiginall} admitted to the hospital foi influenza 
which began Nov 30 and was accompanied b} ehaiacteiistic svinptoms and 
phvsical and \ lav findings of atvpical piieiinionia The patient leeoveicd fullv 
and latei was readmitted because of a second attack of influenza the S}anptoms 
of which began Tan 27 The titei of antibodies foi the Lee stiain had iisen 
from 20 to 640 bv agglutinin inhibition and fiom 3 to 1,792 bv complement 
flvation duiing the firet illness These titers had alieadv dropped apprcciablv 
at the time of the second hospital admission Theie had been no use in PRS 
antibodies during the first attack 

The eailv S}nipfonis in the onginal ittack of influenza in the second patient 
Patient 59 weie quite chaiacteiistic of the epidemic disease and began on Dec 
24 These weie followed b} a tvpical eourec of tv pc 5 pneumococcal pneumonia 
which began abrnptlv on Dec 29 Dining this illness thcie was a marked rise 



22 FINLAND, BARNES, MEVDS, AND ORA 


T\bl.i III PvribNTS 111111 Evidence oi Infiuenzv A Imeciion 


JN IIXY I 

CIIMCM 

INFIUENZV 

1 AVERAGE TITER 

OF INFLUENZA ANTIBODIES 

^ ! 

c: 

CO 

o 

u 

§ 

a 

1 PRS ; 

1 LEE 

£-1 

C- 

y’ 

O 

O 

u 

1.H 

S-l 

5 

y O 

H ^ 

^ ca 

“S 

u 

u. o 

b < 

o « 
o 

c ^ 

A o 
^ t 

S s 

o E 
< 2 

Eh 

y 

u 

“ y 
fc. o 

Sh 

o fa 

53 

12/2S 

c 

12/31 

32 

4 

12 

6 




1/11 

256 

96 

12 

0 

54: 

1/lS 

+ + + 

1/19 

12 

20 

64 

44 




1/29 

36 

GO 

56 

44 

00 

1/21 

+ + 

1/ 4 

28 

5 

3 

2 




1/2S 

96 

14 

6 

2 




2/26 

160 

28 

S 

o 

56 

1/24 

+ + 

2/ 4 

256 

160 

60 

16 




3/ 1 

2a(i 

125 

60 

9 

57 

1/25 


2/15 

1024 

112 

32 

4 

5S 

1/27 

+ +t 

1/2S 

64 

oo 

149 

16S 




2/14 

256 

112 

144 

104 

59 

? 

ot 

1/16 

32 

o 

1280 

160 




2/27 

192 

64 

32 

20 

GO 

1/30 

+ + 

1/31 

12 

2 

6 

10 




2/15 

160 

48 

S 

11 

61 

2/ 1 

•f + 

2/ 7 

64 

24 

3 

14 




2/14 

2048 

768 

■) 

10 

62 

2/ 1 

+ + 

2/ 8 

96 

144 

48 

O 

63 

2/ 1 

+ + +{ 

2/ 8 

384 

72 

12 

4 

64 

2/ 2 

+11 

2/18 

192 

100 

32 

2 

65 

2/ 3 
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11/31 
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2/26 

352 

104 

32 

11 


Sjmptoms considered tvplcal o£ inlluonza aie graded according to severitj as + + + 
or + + + C corv za and/or cough n Ithout sj stemlc sj mptoms O no sj mptoms 
♦Bronchopneumonia onset 2/12 AV' B C 11 900 etlologj ’ 

tHad Influenza with atv pical pneumonia (onset 11/30) with rise in Influenza B anti- 
bodies from 20 to 640 bv agglutinin inliibition test and from 3 to 1 792 bj complement fixation 
test. Cold agglutinins could not be demonstrated In any of tlie sera 

^Influenza (onset 12/24) and tjpe 5 pneumococcal bronchopneumonia (onset 12/29) 
with maiked rise in influenza B antibodies (from titer of 4 in acute phase) No definite 
SJ mptoms associated w ith Influenza A Infection 

§Tvpe 5 pneumococcal bronchopneumonia onset 2/6 W B C 6 600 
lITjpe 4 pneumococcal lobar pneumonia onset 2/2, W B C 3 000 

in antibodies to PR8 but not to the Lee stiaiii although the initial titers to both 
of these viiuses vveie low The patient was dischaiged fiom the hospital and 
subsequent specimens of seium weie obtained when the patient returned on two 
occasions foi checkup examinations The sharp use in PRS antibodies that 
occuiied followmg this patient’s dischaige was not associated with anj"- subjec- 
tive 01 objective evidence of infection 

In all but one of the lemainiiig patients the infections which occasioned 
the nse in influenza A antibodies could not be distinguished clinically from 
those wluch vveie associated with the uses in influenza B antibodies In Patient 
53 the lUness was characterized by coiyza, slight sole thioat, and slight produc- 
tive cough without fevei oi sj'Stemic symptoms, the leucocyte count was 8,700 

Patients Without Acute Respiratory Infections — 

Gioup Y Serologic Findings Billing the Influenza B Epidemic in Pei sons 
Without Eespiiatoiy Infections — Theie wms a group of eleven hospital and 
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Table IV Results op Tests for Influenza Antibodies in Serums Obtained Bet\\ef\ 
FEBrUAPY 16 AND 27, 1946, Prom Hospital Patients vnd Normai Pepsons 
Without Acute Respipvtory Infection 
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*C Hlston of corjza and/or cough with minimum of fc\er and aystemic symptoms 
F sjmptoms suggesting clinical influenza l onset between Not 15 1945 and Jan 15 

1946 2 onset after Jan 16 1946 \ influenza A and B taccine in Not ember 1945 O no 

sj mptoms 

laboiatoii woikeis fioni ivliom scia i\eie obtained dining the end of the second 
Meek ni Deeembei and again duiiiig oi aftei tlie fiist iteek in Janiiait Tliei 
had no st mptoms of ani illness dining this inteival oi in the piecedmg fen 
Meeks None of these indnidiials shoM'ed any use in titei of antibodies loi 
eithei the PR8 or the Lee vnus Lom titeis Meie obtained in all of these seia 
except foi agglutinin inhibition titeis gioatci than 64 obtained in both seia 
fiom one of this gioiip Avitli the Lee stiain iiitlioiit coiiespondmgh elciated 
complement fixation titeis 

Gioup VI Influenza Antihochcs in Seui Obtained Aftei the Epidemic — In 
ordei to obtain some idea as to Mhethei a letiospectne histoii of lespnatoii 
infection dining the epidemic might be leflected fieqiienth" in a high influenza 
antibody titei a feM Meeks latei, single specimens of seia Meie obtained betM^een 
Feb 16 and 23, 1946, fiom sixts-tMo individuals not included in anv of the 
pievious groups iMost of them Mcie fiom soung adult patients hospitalized foi 
illnesses other than acute lespiiatoii’' mfections and other’s Meie fiom membeis 
of the hospital staff Each pei-son Mas questioned in detail coneeiiiing aiii- 
illness that occuiied diinng the piecediiig three months All lespnatoii ill- 
nesses Meie then classified accoidiiig to Mhethei thei'^ most resembled colds oi 
clinical influenza and Mhethei they occuiied before oi aftei the middle of Janu- 
aiA The occurience of such infections as deteimnied in this maiinei and the 
lesults of the tests foi influenzd antibody in then sera aie listed in Table IV 

Tlic outstanding finding in this group is the compaiatnely large piopoition 
of sera shoiving eleiated titer’s (gieatei than 64) of agglutinin inhibition of the 
PRS strain Avithout coi responding eleiation of the complement fixation titeis 
Avith the same strain There Mere a fcM instances of derated titeis of agglutinni 




wnoioric sruDir'5 or iMLuiszr 2') 

inhibition ot tlio Jac sli iiii iiid in soi le o[ these sera the coiiespoiuliiv coni 
plcniciit fiMtioii titcis Mile iKo hif,hti tlnii ircnf,c A\'htn tins gioiip is sub 
(Innled acooidiiig to llie lereiit liistoi^ ot lespiiaton infettioiis, the numbers 
111 cioh citigoii Tie too siiiall to poiiiiil m\ sigiiific iiit comp iiisoiis Houerei 
except loi the soiiioiihal gi< itci lieipiciier ot high iig^lutiiiiii inhibition titei's 
with both tlie PRS iiul Lee stniiis in the pcl^oll gieiiig \ leceiit histoie of 
elmical iiiflueiizi, theie seemed to be no stiil ing piedommnnce of signifieanth 
derated titei's in anv gioup 

Tlicie ueio thiec pei'sons in this gioiip (Piticnls 81 113 and 115) x\ho 
had leceued an iminunizing injection of influenza A and B raceme in Norembei 
1945 One ot them shorred elerated titeis hr both tests against all the foui 
stiains of Mills used The otliei trro shorred elerated agglutinin inhibition titeis 
rritli the PRS and Lee stiaiiis rrithoiit coiiespondmglr elerated complement 
fixation titei-s One of the lattci also gare i histon of clinical influenza during 
tlie height of prer alenee of influenza B 

Sumnuiiij of the Sootogic Findinyi — The disti ibutioii of titeis of PKS and 
Lee antibodies in the seven gioups that h ire been discussed is sliorrn in Table V 
The aroiage titeis foi each of these groups aie also shorvai Gioups I and IV* 
stand out cloailj from among the othei'S In Gioup I theie rras a similar dis 
tribution of titers m the lorrei lange of both agglutinin inhibition and comple 
nient fixation of the PRS striin in both acute and conrnlescent phase sera 
rrheioas theie rras a shift in Lee antibodies fiom lorr titers in the acute phase 
to titers 111 the higtiei laiige m the conralescent phase seia In accord rvith this 
distribution the aveiago titois rreic cssentiallr the same foi acute and conrales 
cent sera in the tests done rritli PR8 (though the actual numbeis rreie higher 
for the areiage agglutinin inhibition titers than foi the complement fi-xation 
titeis), rrhile the arciage anti Lee titeis rieic about trrentr fold greater during 
convalescence in the agglutinin inhibition tests and about thiitr fire fold gieatei 
m the complement fixation tests 

The rerci-se rras true in Gioup IV The niimbei of cases in this gioup rras 
small but the distiibiition of anti Lee antibodies rras in the lorr lange and the 
arciage titei-s rreie lorr and rrcie the same br both tests in the acute and con 
' descent phase sera The tests rrith PR8 on the other band gare lorv titei-s in 
the acute seia and high titei-s dm nig convalescence The areiage anti PRS titers 
"eie about ten times gieatei in the conralescent phase sera thin in the acute 
phase seia done rrith eithei test 

In Groups IIA, III and \ the distiibutioii ot titei's and the aveiagi titoi-s 
riere aU similar to those found in the acute phase sera in Gioiips I and II In 
Groups II V and V this rr is tiue foi both the eailr and the late sei-a 

Oioups IIB and VI aie similni in sereial icspects and stand out fiom the 
other gioiips The sera in both of these gioiips rreie obtained aftci the date 
of the last piored ease of influenza B In each instance theie rvas a smallei 
proportion of ven lorr titeis and nioie of the inteimediatc and the modeiatelr 
elevat ed titei's ot agglutinin inhibition with PRS The averages ot these titeis 

The group <lc9lgnntlon corrt i on 1 tt tho o ii rd In Tnbh ^ nnd 'll o to thn e u el in 

pniloiH ectlon bending in the tivt- 
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■^^elc two to tliicc tunes gicatei lliaii in all gioujis except Gioup IV (coinalesceiit 
seia fiom tlie patients with influenza A) The values foi the eoinalescent phase 
scia in (tioup JIB woie slightl\ but not significautl-^ higliei than foi the acute 
phase seia On the othei hand, the distiilnition of the complement fixation 
titeis was the same and the aieiasre o1 these titeis olitained witli the same viius 
111 tliese two gioups ol eases was not ele\aled and coiiesponded to those ohsened 
in all othei gioups except in the comalescent phase seia in Gioup IV 

With lespect to influenza B antibodi, lioweiei, Groups IIB and VI dii- 
feied In the former, the distiibution of titer’s was in the low’ range and tlie 
aieiage titer's iii both the acute and conialescent phases were low and coiie- 
sponded to those obsened in Gioujis IIA, III, and V and in the acute phase sen 
111 Group I In Group A'l, on tlie other hand, tlieic was a gieatei piopoition of 
intcimediate and slighth elecated titeis of Lee antibodies and the aieiages of 
these titcis were two to tliiee tunes those found in the lemanimg gioups othei 
than Gioup I (comalescent seia from patients wnth influenza B) In these 
respects the findings with the agglutinin inhibition and complement fixation 
tests were similai 

Compai ison of RcsuHs Obtenned ^Y^^h ilic Lee Siiam and WRli Two Epi- 
demic Stiains — It will be seen from Tables I, II, and IV tliat, although there 
ireie some diseiepaiieics in indnidiial seia, the lesults obtained with the stand- 
aid Lee stiaiii and with WC and JIF (the two stiains of influenza B nius that 
weie isolated eaih in tlic coui’se of the epidemic) were len similai The avei- 
age titei’s of all the seia of these thiec gioups that were tested with the thiee 
strains are showm in Talile VI Consideimg the ratliei small numbeis imohed, 
the aieiage titeis obtained in each group with the thiec strains were lemaik- 
ablv similar 


Tcbie TL CoMrvrisoN oi Aiepcge Titips Obtuxid Mitii Lee Stfcin and Mitii Two 
Eiidemic Stpains in Tiipee GiioiPS or Pctunts 
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♦See footnote * Table V 


COMMENT 

The seiologic findings in Gioups I and IV indicate quite cleaih that both 
influenza B and influenza A oecuried in Boston during the winter of 1945-1946 
The dates of onset of illness m the patients of those two gioups indicate that, 
foi the most part, there weie distinct and consecutive outbieaks In this studi’ 
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the proved cases of influenza B with one CNception, liad an onset between Dec 
12 and Jan 3, the onset in the cases of seiologicallj pioied influenza A, again 
with one esception occuired between Jan 18 and Fell 3 Viruses gning chai 
acteristic reactions of influenza B weie isol ited fioni patients with acute cases 
during the foiniei peiiod,’ lint attempts to isolate muses fioni two othei-s with 
acute cases of influenza A w ei e not sucecssfiil 

The occuirenee of both influenza B and A with a iiiedoiiiinance of the 
former, was also reported in the eoi responding epidemics in Austialia* and 
Great Britain ' ' In these countries too, there appeared to be consecutive out 
breaks although there was somewhat moie ovcilapping Strains of both ti-pes 
of viius weie isolated in Australia Among the Australian cases there were 
two and possiblj three instances of conseeiitiie infections wath influenza B and 
A 111 the same indiiiduals, and two such cases are included among those rcpoited 
hole Eiidence was also obtained fioni complement fisation tests done on seium 
pools that influenza A oceiiired sometime after the influenza ontbieak of De 
cember 1945, in New York State’’ The isolation of influenza A -virus in the 
Chicago area in December, 1945,” and seiologie c\ idcnce that influenza A alone 
occuired in an outbreak at a bojs’ school tliiitv miles fiom Boston between 
Jan 9 and Feb 6” have also been recoided 

Sjanptomless infection associated with a significant use in influenza Mius 
antibodies was observed dining this stiidj in onh one instance nameh the 
influenza A infection that oceuried in Patient 59 (Table III) following the 
attack of ebnical influenza which Iiad given use to influenza B antibodies Not 
enough observations were made to detcianine the incidence of such svmptoniless 
infections, but the findings in Group VI sitggest that thev weie not mfiequent 
wath the B virus and those in Groups IIB and VI suggest that tlicv mav also 
have occurred wath some tj pe of A virus 

As for the lemaining serologieallv proved cases of influenza B (Table I) 
and A (Table IV), the rise in antibodies followed a chaiacteiistic attack of 
clinical influenza in even instance cNccpt in one patient of each of these groups 
A similar obsenation was made in the Aiistialian cases ’ The svanptomatologv 
vailed m the cases that were not associated wath an antibody rise both in those 
which occurred during the pievaleiice of influenza B and in those which oceuried 
later when cases of influenza A wcic cncoiinteied Some of those patients had 
svanptoms of clinical influenza indistinguishable from those eNpeiienced bv the 
patients showing definite antibodv rises but a laigc proportion of them had 
svanptonis that were more like those of the connnon cold or weie predoininantlv 
gastrointestinal Purtheianoie, in the patients who had two distinct infections 
one resembling clinical influenza and the other mole like the common cold the 
antibodj response seemed to be tempoiallv related to the former 

The failure of ccitaiii patients with tvpieal svmptoiiis of influenza to show 
antibodj rises to the epideniu Ml iin even when tliev have low titirs dining the 
acute phase has been noted fuciucntlv bv otheis Tins has been ohseived even 
in patients with tvpieal illness fiom whom a viiais lias been isolated “ oi who 
had been infected eNpciimciitallv ” 
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The elevated titeis of agglutmiii inhibition of PR8 not accompanied by 
eoiiespondmgly elevated complement fixation titeis aie of some mteiest They 
oceuiied in seia obtained aftei the middle of Jaiinait fiom patients ivitli clinical 
infliienza who failed to shov am significant antibodi^ use with tlie vinises used 
(ttionp IIB) and veie also noted in the seia obtained fiom nidiMdiials picked 
at landom late in Pebniaii (Gionp A^I) Tliese iiia} lepiesent, in pait, a 
1 espouse to infection vith an influenza vans i elated to but not identical with 
PE8 Such a possibiliti is not inconsistent nith the oeeiiiieiiee of t-^pical uses 
of PR8 antibodies demonstiable bj botli agglutinin inhibition and complement 
fixation in othei indii iduals, as noted in Table III 

The findings in Gioup YI suggest, in addition, that an appieciablc jiiopoi- 
tion of the individuals in that gioup had had icceiit infection nith influenza B, 
as evidenced by the clciated titeis to tliose viiuses demonstiable by both tests 
The coiielation of tlie elc^ated titeis mth the occuiience, time, and chaiactei 
of the infection as noted in the liistoiies of these indniduals was not leiy good 
Some evidence was picMouslj adduced to suggest that the AYC and MP viiuscs 
weie antigeiiicallv diffeieiit fiom the Lee stiaiii Although similai aiitibodv 
lesponses to all tliiee stiaiiis neie obseived m most patients, thcie neie seia 
which showed definite disci epancies both in the picsent cases and in those 
lepoited fiom Needham Puithci obseivatioiis’'^ liave since been made to 
support the view tliat AYC and klP aie nioie closely i elated antigeiiicallv to 
the Austialian strain BON,-" and similai strains ha\c been identified both in 
Austialia^^ and Gieat Biitain duinig the 1915 e])idcmics in tiiose eountiies 

SUMMARY AXD CONCLUSION’S 

Both influenza B and influenza A weie pieialent in Boston dining tlie 
ivintei of 1945-1946 Influenza B nas icsponsible foi the majoi ontbieak that 
oceuiied in Deeembei, 1945, and no acute cases pioied to be due to this iiius 
weie encouiiteied after the fiist week in Jauuaij Cases of seiologicalh pioied 
influenza A weie enconnteied almost entiielv after the middle of Janiiaiy Tivo 
eases iveie obseiied m which there ivas definite serologic evidence of consccutne 
infections first with influenza B and a feiv iveeks later ivith influenza A There 
ivas also some evidence of svmptomlcss infections with viruses of both tj pes 

Almost all of the patients m whose seia a use in specific antibodies to one 
or another of the influenza viruses w’as denionstiated had lespnatoiy and sjs- 
temic symptoms wdiicli W’eie ehaiacteiistic of clinical influenza Similai symp- 
toms w’eie noted during the same peiiod in othei individuals wdiose seia failed 
to show such a rise A laige piopoitiou of the patients who failed to show a 
rise in influenzal antibodies, how’evei, liad an illness wdiich W’as moic like the 
common cold oi had piedominanth gastiomtestnial siniptoms 
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INFLUENZA AND PNEUilONIA 

StROLOOric Studies During xVnd After an Outbrfvk of Imluj n/a B 

M.uxi\elu Finlvnd, M D , Edimn M Ora, M D , Man son Mevds, M D 
vND Mildred W B^irnes, M S 
Boston, SLvss 

I T IS geneialh assumed that deaths fiom influenza aie usualh associated with 
pneumonia, as seemed cMdent fiom clinical and pathological findings duiing 
the pandemic of 1918 Excess moltallt^ lates duiing peiiods ot epidemic piei- 
alence of influenza, howevei, aic ei edited as much to inci eases in deaths fiom 
othei causes as thcA aie to inci eases in deaths fiom influenza and pneumonia ' 
Evidenee foi a direct lelation of influenza \iius infection to the occuiience oi 
sclent's of pneumonia iii indnidual patients is lathei scant 

This lelatioiiship of influenza \nus infection to hacteiial and othei iineu- 
monias has been a mattei of inteiest in this laboiatoii foi the past feii j cal’s 
Some seiologic CMdence foi an association of influenza A infection with cases 
of pneumocoecai and, paiticulaih, of staplivloeoccal pneumonia was obtained 
duiing the 1940 1941 outbieak*'* Piesumptne evidenee foi the piesence of 
influenza A in the lung of a patient with a fulminating case of stapln locoecal 
pneumonia was obtained at that time - Significantlj ele\ ated titers of influ- 
enza A antibodies also were dcmonstiated in eases of pneumonia of \aiied 
etiology which followed attacks of clinical influenza duimg the epidemic of 
1943-1944® In addition, influenza A mi us was isolated iiom the lungs of flic 
patients with fatal cases® Two ot the stiains weie fiom patients with the 
fulminating acute hemoirhagie and edematous U pe of stapln lococcal pneumoiiiii, 
a thud w'as fiom a patient with lobai pneumonia in whom tipe 1 pneumococcus 
was obtained fiom the sputum, blood, and lungs, and cultuies fiom the two 
lemaimng patients -sielded no significant pathogenic bacteiia and onh a few 
alpha hemolytic stieptoeocci fiom sputum and lungs The onset of pneumonia 
occuiied fiom one to tluee da%s aftci the onset of sMiiptoms of clinical influenza 
in these fii e patients 

Othei woikeis also ha\e lepoited the isolation of influenza A mius fiom 
the lungs in aeuteh fatal cases of staplu locoecal pneumonia, tluee such cases 
weie lepoited tiom the 1936-1937 epidemic in England," and one oecuiied in 
Philadelphia in JanuaiA, 1939® Yaiious otliei t^^)es of lung changes weie 
obseiied in patients with clinical influenza in the 1936-37 epidemic, ® but the 
coiiuiionest lung lesion in pioied cases of influenza A infection in that outbieak 
was consideied to be a “bioncliiolitis ’ ® 

The occuiience of pneumonia duiing epidemics of influenza B also has been 
leported, but m these outbieaks the eiidence foi the association of the viius 
wuth the individual eases of pneumonia is scant Four fatal cases of piieii- 

From the Thorndike Menion il Libontor\ Second -iiul Foutth Jltdical SeiMCes (Honsrd) 
Boston Clitv Hospital and the Department of Alediclne Har\aid Medical School 

Miss Marx J Graham rendered technical assistance during part of this studj 
Recei\ed for publication Oct 30 1917 
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iiiotoccil lol)iu piiLiinionn mul foiii otlici pititnts pulmoiun mxoheinciit 
«erc obsened dniin„ in cpidiniic of iiiflu<ii/T B iii i nicntil institution iii 
Jliiincsotn Tile pusciici of iiifliicnzii B iiiii(tioii (lining, sii epidemic ot *Ape 1 
pneumococcal pneiimoiii i in Noilli\ille N 'S demonstnted seiologicalh '' 

In neitliei of these luo outliiuiKs lionmti uiis the lelntioii ot the influenza B 
\iriis infection estnhlislied iii am of the instances of piiciiiiionia eitlioi serologic 
all} 01 lu dcmoiistntion of the mius Onl} one case 1ms heen lepoited prior 
to the epidemic of 1945 in uliieli influenza B aims uas isolated from the lung 
of a patient nitli a fatal case’ In this case as in most of those pieaioush 
mentioned in uliicli influenza A anais nas aiclded from the lungs theie uas a 
fnlniinating acute lienioiihagic and edematous tape of ‘itapjtijlococcw; anrens 
pneumonia 

During a localized oiithreak of influenza B aaliich oeciiired in the Bahamas 
in 1945,’^ lohai pneumonia aias lecogiiizcd as a eoinplication occuirnir. fioiii 
0 to 14 daas after the onset ot clinical influenz i in ahout 10 pci cent of the cases 
The 1 elation of the aiiais aias not established in ana of the cases of pneumonia 
in this outbieak Influenza B anus aias isolated in Jlclbounic during the 1945 
outbreak'* fiom hionehial scoiction obtained at autopsa fiom a patient aaith an 
acutela fatal case of staplij loeoccal pneumonia aaliich began fiae daas aftei the 
onset of mfluenza This anus aaas also isolated in lanuara 1945 from throat 
gargling obtained “fiom a muse m Sniiea aaith a seaeie foim of influenzal 
pneumonia 

The epidemic of influenza that occulted in Boston in Decembei, 1945 
offered an opportimit} to make some seiologic studies of influenza antibodies m 
cases of pneumonia that occuiicd dining and shoHla aftei the time ailien mflu 
enza B, and latei influenza A infections aaeie demonstrated in cases of clinical 
influenza The findings in these cases are rcpoited heic 

ataTERlaLS aND methods 

Choice of PaiicnU — All of the patients chosen foi this stiida aaoie admitted 
to the Jlcdicnl Waids of the Boston Cita Hospital niostla dining Dcccmhei 
1945 and lamiaia, 1946 Dot iiled histones aaeie obtained aailh icspcct to the 
piicuinoiiia iiid to iiia nitecedent acute lespiiaitoi a illness in an attempt to detci 
mine the time of onset of these infections as neaila as possible 

B ictenologic studies of blood and spiiluin aaeie caiiicd out dining the neule 
illness in almost all of the cases Blood foi seiologic tests aaas obtained dining 
the acute febiilc stage of the dlness and again at intcraals thcieafter Patients 
from aahom samples of serum aaeie aanilablc aaitliiii the Hi’s! aacek of the ousel 
of respiiaton illness but nof latu aie escliided lierc The findings in the seia 
of seaei-al such patients including fiae aaitli fatal eases aic given elseaalieie 
^o ittcmpts aaeie made to isolate anuses fiom these paliciils and autopsies aaoic 
not obtained iii ana of the fatal cases 

Chttical Finduujs - — The onset of piiciinioni i during or aftei a simple iiiiper 
rcspintoia iiaet infection aaas usualla maikcd ba one or iiioie ot a miinlier of 
iiiaiiitestations (1) the sudden oceiiii’cnce of a busk (lull or of jihiiiilie pain 
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01 both, (2) d lecuiience of chills oi chillj^ sensation, (3) the appediancc of 
bloody 01 instj sputum, (3) d 3 '-spnea, and (4) a change m the chaiactei and 
seventy of the cough The cnteiia foi the classification ot the uppei respnatoij'- 
tract infections weie the same as those used in collateial studies of this out- 
bieak lepoited elseicheie'® ” The pneumoiiids weie classified as either lobai 
01 atj'pical (bioncho-) pneumonia aceoidiiig to the clinical and x-iay findings 
Some of the lattei lesembled chaiacteiistic cases of piimaiT atj'pical (“viral”) 
pneumonia 

Seiologic Tests — The viiuses used weie the PRS stiain of influenza A and 
the Lee stiain of influenza B* and tivo stiains WC and MF of influenza B 
isolated fiom uncompbcated cases of clinical influenza eailj’- in the coui'se of 
this outbieak The inhibition of chicken cell agglutination and the complement 
fixation tests veie both eaiiicd out in eveiy instance The details of the methods 
used and the mannei of leeording the titeis aie the same as those used in othei 
paiallel studies'" 

Tests foi cold agglutinins veie also earned out m all of these seia b^ the 
method usualh employed in this laboiatoii' The lowest final dilution of seium 
used 111 these tests was 1 10 


RESULTS 

A total of sixt 3 ’’-nine patients was available foi study Thej' have been 
divided foi convenience into thice gioups those m whom a significant use m 
influenza B antibodies was demonstiated, those whose initial seium showed sig- 
nificantlj elevated titeis of influenza B antibodies, and those m whom the seio- 
logic findings failed to leveal any evidence of recent influenza viius infection 
The findings in each of these groups will be consideied sepaiatelj^ 

Gtoup I Patients Whose Seia Showed a Significant Rise in Titei of Influ- 
enza B Antibodies — Theie vieie eleven such patients, seven v\eie women and 
four men and they ranged in age from 13 to 69 j*ears The lelevant findings per- 
taining to the influenza and the pneumonia and the icsults of the seiologic tests 
in these patients (1 to 11) aie shown in the uppei pait of Table I There was 
an illness which, from the histoiy was consideied to be clinical influenza in all 
but one of these cases The fiist symptom of this illness began on Novembei 30 
in one patient and between December IS and Januaiy 11 in the others The 
onset of the pneumonia occuiied on the same day in tliiee cases, and one to ten 
dajs latei in the othcis In Patients 6 and 11 theie weie svmiptoms suggesting, 
respectivelj^ an exacerbation of the oiigmal attack aftei five days and a second 
attack aftei six w eeks 

The findings in the lungs weie those of tvpical lobai pneumonia in two of 
these patients and cultiiies of the sputum jnelded predominantly pneumococci in 
both In all the otlieis theie was patchj’’ consolidation In Patient 1, the findings 
in the lungs closely lesembled those of piimaiy atypical pneumonia, sputum cul- 
tuies jnelded only alpha hemolytic stieptocoeci Staph auieiis was the piedomi- 
nant oiganism m repeated cultures in four othei patients and pneumococci pie- 
dominated in the remaining foui, with staphylococci being lecovered m modeiate 


*Both origmalb obtained from Dr Thomas Francis Jr Ann Arbor Mich 
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mimbeis, pailiculailj cluiiiig connlcsceiicc fioni ont of tlio lattci patients It 
IS of interest that in Pitieiit 1 nho ridded no sifriiifie nit pathogens, and in the 
foil! patients in whom Slapli rnircu'< picdonnnated pneumonia began eithei on 
the same day (three cases) ot nithiii two dais of the onset of influenza 

There nas slight to inodeiatc Icucocjtosis tilth poltTuiclcii piedomiiiance 
dining the febiilc stage ot tlie pnctimonia ni eight ot these patients In the 
othei three the total eoxints at ei aged bettteeii 4 000 and 9 000, the lowest counts 
being obtained in one of tlie patients tilth stapht loeoccal pneumonia Blood 
cultures tiere negatite in all of the eletcn patients and cold agglutinins could not 
be demonstrated m ant of the seta All but tuo of the patients ttere tieated 
with sulfadiazine oi penicillin oi both, and the response to this tieatment varied 
from fair to excellent All reeot ered tt ithout complications 

The serologic findings in these cases ttere similai in eteij respect to those 
found in uncomplicated cases of influenza B it Inch were studied at the same 
time'” ” The initial titers ot influenza B antibodies tteie loti in eteit subject 
eveept Patient 5, and in that patient the initial seiiim ttas obtained eight dajs 
after the onset of influenza In eieiw case including Patient 5, theie iias at least 
a fourfold and usuallj a much greater use in titci of influenza B antibodies 
demonstrable by both the agglutinin inhibition and complement fixation tests 
Similar results ttere obtained ttitli the Lee strain and with the two recentlj 
isolated strains in the sera of foui patients tilio weic tested with all throe strains 
None of these patients shotted a significant use in titer of antibodies to PK8 
Agglutinin inhibition titeis of 64 oi higher were found in the seia of four of the 
patients and complement fixation titers of 32 or highei ttoie obtained in the seia 
from these four patients onlj 

The time relationships betttcen the influenza B antibodj response and the 
onset of the infections in tliiee patients are worthj of comment In Patient 9 
the initial titers of agglutinin inliibition of the influenza B tiruses tteie all lott 
this serum was obtained thirteen dats aftei ttliat ttas consideied to be the onset 
of clinical influenza A significant use in these antibodies ttas demonstiatcd in 
serum obtained five dajs later, oi eight dajs aftci the onset of the pneumonia 
Smee lases in titers hate usuaUj been found in adults bj the eiglith dat these 
findings suggest the possibihtj that the mitinl illness either ttas not influenza 
B or else it failed to^licit an antibodj rise until after pneumonia began The 
findings in Patient 10 ttere similar but in this case there were significantlj ele 
rated titers of PRS antibodies in the initial serum tthich was obtained ten dats 
aftci the onset of influenza and fite daj's after tthat ttas considered to be the 
onset of pneumonia The use m B antibodies was demonstrated in seium oh 
tamed five dajs latei In Patient 11 tlicie were tuo illnesses six weeks apait and 
from the liistoij both tteie consideied to be clinical influenza The pneiinionri 
began on the same dat as the second attack and the rise in influenza B antibodies 
occurred between thiee and eleten davs later 

Group IT Patients With Sciologic Hiidencc of Recent Infection II ith In 
fluema B — There were twentt fite patients in this group (12 to 36 in Table I) 
thirteen weie men and twelte were women and thet landed in a„e fiom 13 to 
80 tears A bistort consideied to he that of elmital influenza was obtained in 
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3S FINLAND, ORA, MEADS, AND BARNES 

nineteen of these patients, including one who had two siinilai attacks three weefa 
apait, tuo others had an illness which was moie like a common cold, while no 
histoiy of an antecedent illness distinguishable fiom pneumonia could be elicited 
in the foui lemaining patients The onset of these illnesses occurred between 
Decembei 3 and Jaiiuaiv 12, and in all but three instances they began between 
Decembei 15 and Januaiy 5 

The mteiial between the onset ot influenza oi cold and pneumonia w'as seven 
days 01 less in tw^ehe eases and fioni eight to foiuteen days in eight others 
The piilnionaiy lesion in thnteen patients wms that of typical lobai pneumonia 
involving a single lobe oi two contiguous lobes Pneumococci piedominated in 
cultuies of the sputum in eleven of these patients and weic also giown fiom the 
blood of foil! of them, in one of the lattei the sputum cultuies yielded piedomi- 
iianth Staph au)e\is diunig com aleseenee Cultuies of sputum in one instance 
jielded oiilv alpha licinohtic sticptoeoeci, and none weie made in one case 

The remaining twelve patients had atypical piilmonaiy lesions which in- 
volved chieflv a single lobe in five, two contiguous lobes in two, and both lungs 
(mostlv the lowei poitions) in tlie othci five Staph awicns was obtained fiom 
a blood eultuie of one of these patients and vvas piedominaiit in the sputum 
cultuies of two otheis, including one which vielded pneumococci as well, beta 
hemoljtic stieptoeocei wcie the piedominant oiganisms in the sputum m two 
patients and pneumococci piedominated in two otlieis Cultuies in the lemani- 
iiig hv^e cases w'cie either inadequate oi vielded no significant pathogens 

The leucocyte counts weie elevated dm nig the febiile coui'se in most of the 
patients with atvpical piilmonaiy lesions and weie siniilai in those with lobai and 
atypical pneumonia Total counts of 8,000 oi lovvei weie obtained some time 
duiiiig the febrile couise in two of the foimei and in thiee of the lattei In 
the otheis the total counts langed between 12,000 and 40,000, with poljnucleais 
predominating in every instance None of the patients in tins gioup showed 
elevated titere oi uses in titei-s of cold agglutinins 

All but one of the patients in this group weie treated with sulfadiazine, 
penicillin, or both and lesponded favoiably to tins treatment Tliej'^ all recov- 
ered and became essentially afebiile within twenty-four to sov'enty-two hoius 
after the treatment was started 

The initial seiums weie obtained in almost all of these cases between the 
sixth and fourteen day after the onset of the initial illness and within the first 
week after the onset of the pneumonia The titeis of influenza B antibodies in 
these initial sera were significantly elevated and about equally so in both tests 
and foi each of the B stiains used There weie six patients in whom theie weie 
suggestive oi definite uses in these titeis on lepeated tests with one oi moie of 
the B strains The initial seium m four of these six patients vvas obtained on oi 
before the seventh day after the onset of clinical influenza In three other pa- 
tients the later seia showed a definite drop from high titeis, the initial seium 
was obtained on the twelfth daj in one and on the tliiiteenth day in the second, 
while the third patient had two distinct illnesses w'hieli began twenty-seven and 
five days, respectively, before the fiist blood was taken In the lattei case a sug- 
gestiv e drop was noted in the titei of the second blood obtained ten days after the 
first one 
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No sit,nificantl> ele\nted tileis oi uses in tilei^> of intibodies to the PKS 
stiaiu Mcio obtiined lu this gi oup except iii Pitient 31 In this patient a slighth 
greitci than foiufold use ins olidttd In the agglutinin inhibition tests, ivhil 
the complement fixation tests iiith the same iiius iield low titers and no rise 
Group III Patients Lad my Scioloyic Evidence of Influenza Virus In 
fection — Tile lelevant findings in thntx tliiee such patients are bsted in Table 
II The clinical featuies of this gionp icscmblcd those of the tiio pienoiis 
gioiips in some lespeets but showed some impoitant points of difference The 
age distribution, foi example, was siimlai but the sex distribution in the piesent 
cases differed fiom that of the other gioups and was moie like that iisualh 
found in acute baeteiial pneumonias in adults The patients ranged in ages 
from 14 to 75 jcais and theie weie twice as inanj men as women 

A laigei propoitioii of the antecedent illnesses in this gioup were simple 
colds Thus, of twenti nine patients from whom a historj of antecedent ilbiess 
distinct from the pneumonia could be elicited, that illness was classified as 
clinical influenza in twelio as a cold in twche, and as a cold followed file to 
twenti SIX diis later bj clinical influenza in fire The intcnal between the 
onset of the illness that was characterized as clinical influenza and the onset of 
pneumonia was two dais oi less in twehe cases and fire to ten dajs in fi\e 
cases The intoival between the onset of the cold and that of the pneumonia 
was loss than two dais in onlj two patients but five to ten dais in six and 
eleven to tiventj eight da>s m eight 

The pulmonarj lesion w as classified as tj pical lobar pneumonia m nineteen 
patients, involicd a single lobe in fouitcen and two contiguous lobes in the 
otlier five The predominant organism in the sputum was Staph aureus in one 
of those patients and the same organism was obtained fiom the blood culture of 
that patient pncumocoooi jiiedominated in the sputum of seventeen including 
one with a positive blood cultuie, and the bactcnologj was inadequate mono case 
The remaining fourteen patients had atv pical pulmonarj lesions involving 
niostlv the lowei portions of the lung — one side in eight and bilatoraUv in six 
Tlie piedomiiiant oigaiiisms varied more than among the lobar pneumonias 
Slnpli auieus, beta hemolytic stieptococci pneumococci, and Priedlander s 
bacilli each weic found in two oi tliiec cases alone or in combination with one 
of the othei's A positive blood culture for liemoljtio stieptococci was obtained 
in one case In two patients no adequate bacteriological studies were made and 
in thiee others the sputum cultures vielded predominantly alpha hemolj'tio 
streptococci but no significant pathogens 

Cold agglutinins were dcmonstiatcd (a use from < 10 to 80) in one of the 
latter but in none of the othei tliirtj two patients in this group The leueoev tc 
counts duiing the fcbiile period in this group were similar to those found in the 
other groups Total counts of 5 000 or less were obtained in three cases between 
6 000 and 10,000 in six and from 11,000 to 28 000 in the others Sulfadiazine, 
penicillin oi both weie used in the lieatmcnt of all but three of these patients 
with good effects in most instances There were two deaths in this group, one a 
75} ear old patient with pneunioeoceal pneumonia complicated b} congestive 
heart failure (Patient 61) and the other a 65 vear old patient with Priedlander s 
pneumonia 
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determinations nere drann ininiediatelj piior to initiation of dietarj deficiency, just before 
infection, and two, five, ten, fouiteen, twenty one, tw'entj eight and fortj two dajs after in 
fection Twentj eight dajs after infection all animals weie injected subcutaneously with 
iS typhimmmm 0 antigen The immune response was determined two weeks later Antibody 
titers and electrophoretic distributions of plasma proteins were measured concurrentlj on the 
twenty eighth and forty second postmfection dajs The e\periment was terminated on the 
forty second postmfection day, foitj eight days after protein deficiencj was started and 
fifty eight days after the expeiiment began 

Young, growing, male, Sherman strain rats weighing 60 to 70 grams were used In 
this study, four experimental gi oups w ere established as follow s 



WELL NOURISHED 

PROTEIN DEFICIENT 

TOTAL 

Infected 

20 

IS 


Noninfected 

10 

12 



30 

30 

GO 


The animals were isolated in an air conditioned loom and kept in indnidual wire cages on 
wide meshed wne bottoms The diets used had the following composition 


DIET COMPOSITION 1 EP 100 GM RATION 


FOOD 

Casein 

Sucrose 

Mazola 

PIullips and Hart salts IV^o 
Cystine 

Tliiainiue chloride 
Pyndoxine 
Riboflavin 
Niacin 

Calcium pantothenate 
Choline chloride 
Inositol 
Biotm 


ADEQUATE PATION 

18 Gm 
73 Gm 
o Gm 
4 Gm 

0 2 Gm 
200 gamma 
200 gamma 
400 gamma 
2 5 mg 

1 5 mg 
100 mg 
100 mg 

50 gamma 


PROTEIX DEFICIENT 
RATION 

2 Gm 
so Gm 
0 Gm 
4 Gm 
0 2 Gm 
400 gamma 
400 gamma 
800 gamma 
5 0 mg 
3 0 mg 
200 mg 
200 mg 
100 gamma 


Haliver oil was fed in 0 1 c c amounts biweeklj , water was offered ad libitum Diets were 
isocaloric, providing 41 calories per gram ration The 18 per cent casein diet afforded 155 
to 368 mg nitrogen per twentj four hours, depending upon consumption, the 2 per cent 
casein diet, 19 to 39 mg nitrogen per twenty four hours Twentj four houi food consump 
tion was recorded biweeklj 

The stock culture of the infecting organism, S lyphimunwn (Bacillus aertrycLe), was 
originally isolated from a mouse epizootic and subseqiieiitlj maintained in a frozen state 
on an agar slant * This organism was characterized bj smooth, pearlj white, small, ele 
vated colonies which produced acid and gas with mannite, dulcite, maltose, dextiose, 
arabinose, inositol, soibitol, and rhamnose and in Russell double sugar media, lead acetate 
was reduced, no reaction occurred with lactose, sucrose, or xjlose Subcultures at 37° C 
in trjptic digest bioth were made sequentiallj at twentv four, twentv four, eighteen, and 
SIX hours Diluted aliquots of the final, joung, six hour subcultures were injected In the 
preliminarj studies a 10-’ (1 1,000) dilution was found to provade a 50 per cent lethal 
intrapentoneal inoculum In this experiment, 1 ml of a similar dilution containing 300,000 
viable cells per milliliter was used in an endeavoi to provide a 100 per cent infection rate 
without subsequent mortalitv 

At prevaouslj noted intervals, 1 ml of blood was obtained bv heart puncture under 
light ether anesthesia Sterile technique was used An initial 0 1 ml of the sterile sample 
was placed in blood culture tubes containing 5 ml freshly prepared trjptic digest broth The 
remainder of the sample, placed in small tubes containing 0 2 mg dried heparin, sufficed 
for all except electrophoretic determinations 


»We are indebted to Dr John Enders for the stock culture used 
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Oil Inmnn 25 Feluuan 1, iml Fcbiuuj 2, icspectuch The onset of tlic 
)iiioiimonn nas on hcliiinu\ 12 m the fiist Febniaij 6 in tlic second, and 
( cbiuaij 2 111 tile thud No significant Iiactciial pathogen was obtained in the 
first case, clinicallv that case leseinblcd piiimr-j atj-pical pneumonia The othoi 
tiio Here tjpical eases of pncnmoeoeeiil lobar pneumonia due to tipe 5 and tipc 
4 pneumococcus, respective!} 

jVnothei interesting feature of the present cases uas the difficultr sometimes 
encountered m aiffeientiating betueeii the onset of the influenza and that of the 
pneumonia Indeed in some of the cases the onsets, at least fiom a clinical ])onit 
of view occuired almost simultancoush In the othci'S \ ai} ing inten als elapsed 
before the pneumonia began but these internals rreie rrsuall} shorter after ill 
nesses that rreie chaiacteiistic of cluneal influenza than the} rreie aftci illnesses 
that resembled the common cold That seemed to be true iirespectire of rrhethci 
01 not the clinical influenza rr as associated rr ith an nntibodr response to the \ ii us 

The significance of the findings of evidence of influenza riiiis infection rnth 
icspect to the occurrence incidence, or scveiitr of bacterial and other piieii 
monias is by no means clear The findings in some eases suggest that the pul 
monai'y lesion is due pumaril}, if not entiiel} to the rims but srieli eases aie 
laie In most of the cases, the chaiactei of the pnlmonai} lesion the clinicrl 
coui’se of the disease, and the response to antibacterial theiapr is eharaeteiistir 
of infection rrith the predominant bacteria found in the sputum oi lungs and 
does not seem to be maikedl} influenced b} the antecedent influenza mars infeo 
tion Some oases, particularly those in rrhicli hemolytic Staph atiicus is the 
predominant or only bacterial iiiradei, nia} be cvceptions 

The situation lira} be diilorent under other conditions, such as those rrhieh 
prer ailed during the influenza pandemic of 1918 The nature of the piiman 
etiologie agent of that paiideniic is not knorrn but the incidence and sereiitr of 
tile complicating pntrimonins at that time rreie different from those cncorinteied 
during aiir of the epidemics rvhicli rreie knorrn to be caused by raiieties of 
influenza A or B A close resemblance horrerci rras demonstrated betrveen tlic 
staph} lococcal pneumonias rrhich occurred during the influenza A oiitbieal of 
1940 1941 and the piilnionai-} complications that occuired in certain eiietini 
scribed aieas dining the pandcinic” ‘ There are rei} little data arailablc from 
rrliieh one mar determine rrliethei the iintine of the rirus or of tlie bacteria or 
tlic propel eombinations of riiiis and bacteria rrere responsible for some of the 
rarieties of piieiinionia tint rreie cncouiitei ed during that gicat pandemic 

SUrilUAUr \ND CONCLiUSIONS 

Some of the lelerant elniical findings in sixt} nine cases of hittciial and 
ollici pneumonias tint rreie studied during and shoith after the epidemic of 
inflnenzi B rrhich occuired in Boston in December 1945, are presented Sriologu 
tests for antibodies to influenza A and B riiiis including trro cpidcmie sti nns 
of (he latter rreie earned out in sera obtained fiom these patients dining and 
after the acute pliase of the pneimionia 

Alioul one Inlf of the cases that oicuiicd dining tlic penod of epidcniie 
proralcnce of influenza B iricspeetirc of the clinical chaiaetci of the pneumonia 
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01 of the bacteiiologic findings, Melded seiologic cMdenec of luteetiou nith infiu- 
enza B vans Almost all of the patients fioin iihom seiologic CMdenee ot influ- 
enza B infection iias obtained had an illness i\hieh i\as ehaiaclciistic of elinic.il 
influenza, that illness began eithei at about the same tunc as the pneumonia oi 
\nthin a few da^s pievious to the onset of pneumonia 
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I i/LECTKOI HORFTIC, ClRCUI-VTINO PuSM I PrOTEIN, HeIIATOLOOIC, 
Hematopoietic, and Immunologic Responses to Salmonella 
Taphimurium (B voillus Afbtracle) Infection 
IN the Protein Deficient Rat 

Jack JIftcoif, MS, MD, Dorotha B Dvruno BS, Margaret H Scanlon 
AND Fredrick J Stare, M D , Ph D 
Boston, Mass 


INTRODUCTION 

T he lelationship between himgei, famine, and infection* has become moie 
conspicuous bj reiteration than bj demonstiation Each dcaaIj isolated 
nutritional factor has been indicted for some inadequacy of infectious disease 
response* In recent years, piotein nutrition, m paiticular has acquired con 
sidcrable prominence in this legaid It has been inf ei red that piotein inanition 
would increase suseeptibilitA or decrease resistance to infectious disease hj 
altering protective responses ’ * Clmical obsen itions’ ' and specific lihoratorA 
imestigations’ have somewhat implemented this hj pothesis 

In general, Inhoratoij studies pertaining to response to infection associated 
AVith protein deficienej have measured plngocj-tic indices,'* ’* humoral antibodA 
titers produced by a nonpathogenic antigen,'” ’* " ’* or a lethal end point 
pioduced bj a a indent, liable pathogen® ” ” '® Concomitant studies of larn 
tions in specific phjsiologic responses to diet and infection have been rather 
limited ” *® The lesponse of an organism to infection under anj imposed con 
dition IS ehaiacterized hj many adaptatiie phenomena To fiirthoi test the 
implications of piotein deficiency and infection obserAations of seieral simul 
taneons phjsiologic adaptations to controlled diotarj dcficiencA and specific 
infection are necessarj To this end, data nic presented indicating growth 
food consumption, concentiation total circulating and elccti ophoi etic distrihu 
tion of plasma protein, and bacteriologic, immunologic and hematologic studies 
m control and Salmonella infected rats, both well nourished and piotein deficient 


method 


Vfter an observation periwl on adequate or protein deficient diets animals ^\o^c infected 
^itli Virulent Salmonella typhimurium Controls uitli regard to diet and infection nero 
niaintaincd Prcluninnry cNperiments involving sizable groups of rats were performed to 
determine tlio 50 per cent lethal do e of viable pathogen the incidence and duration of bac 
teremia the alteration in leucoofe hemoglobin and plasma protein concentrations a*’socmted 
'nth infection and adequate or deficient diet and the general trend of nntibodv titers These 
studies ^vere done before and one, three, seven, fourteen tuentv one, and tuentj eight dajs 
after infection The more extensive study comprising this report was based upon the un 
reported data of the«:e prehminarj experiments In this studj, blood 'lamplcs for the various 


nf TJ! ^he Department of Nutrition, Harvard School of Public Health and Department 

or liioioelcal Chemistrj Harvard Medical School 

in part by grants Jn aid from the Anitrican Meat Institute Milbank Memorial 
rm fsutrltlon Foundation Inc. and the Unltefl States Public Health Service 
ltecei%ed for publication Oct 30 I**!" 
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determinations nere drann ininiediatelj piior to initiation of dietarj deficiency, just before 
infection, and two, five, ten, fouiteen, twenty one, tw'entj eight and fortj two dajs after in 
fection Twentj eight dajs after infection all animals weie injected subcutaneously with 
iS typhimmmm 0 antigen The immune response was determined two weeks later Antibody 
titers and electrophoretic distributions of plasma proteins were measured concurrentlj on the 
twenty eighth and forty second postmfection dajs The e\periment was terminated on the 
forty second postmfection day, foitj eight days after protein deficiencj was started and 
fifty eight days after the expeiiment began 

Young, growing, male, Sherman strain rats weighing 60 to 70 grams were used In 
this study, four experimental gioups were established as follows 


WELL NOURISHED PROTEIN DEFICIENT TOTAL 


Infected 

20 

18 


Noninfected 

10 

12 



30 

30 

60 


The animals were isolated in an air conditioned loom and kept in indnidual wire cages on 
wide meshed wne bottoms Tlie diets used had the following composition 


DIET COMPOSITION I EP 100 GM RATION 


FOOD 

Casein 

Sucrose 

jMazola 

PIullips and Hart salts IV^o 
Cystine 

Thiamine chloride 
Pyndoxine 
Riboflavin 
Niacin 

Calcium pantothenate 
Choline chloride 
Inositol 
Biotm 


ADEQUATE PATION 
18 Gm 
73 Gm 
o Gm 
4 Gm 

0 2 Gm 
200 gamma 
200 gamma 
400 gamma 
2 5 mg 

1 5 mg 
100 mg 
100 mg 

50 gamma 


PROTEIN DEFICIENT 
RATION 

2 Gm 
so Gm 
0 Gm 
4 Gm 
0 2 Gm 
400 gamma 
400 gamma 
800 gamma 
5 0 mg 
3 0 mg 
200 mg 
200 mg 
100 gamma 


Haliver oil was fed in 0 1 c c amounts biweeklj , water was offered ad libitum Diets were 
isocaloric, providing 41 calories per gram ration The 18 per cent casein diet afforded 155 
to 368 mg nitrogen per twentj four hours, depending upon consumption, the 2 per cent 
casein diet, 19 to 39 mg nitrogen per twenty four hours Twentj four houi food consump 
tion was recorded biweeklj 

The stock culture of the infecting organism, S lyphiimiinm (Bacillus aertrycLe), was 
originally isolated from a mouse epizootic and subseqiieiitlj maintained in a frozen state 
on an agar slant * This organism was characterized bj smooth, pearlj white, small, ele 
vated colonies which produced acid and gas with mannite, dulcite, maltose, dextiose, 
arabinose, inositol, soibitol, and rhamnose and in Russell double sugar media, lead acetate 
was reduced, no reaction occurred with lactose, sucrose, or xjlose Subcultures at 37° C 
in trjptic digest bioth were made sequentiallj at twentv four, twentv four, eighteen, and 
SIX hours Diluted aliquots of the final, joung, six hour subcultures were injected In the 
preliminarj studies a 10-’ (1 1,000) dilution was found to provade a 50 per cent lethal 
intraperitoneal inoculum In this experiment, 1 ml of a similar dilution containing 300,000 
viable cells per milliliter was used in an endeavoi to provide a 100 per cent infection rate 
without subsequent mortalitv 

At prevaouslj noted intervals, 1 ml of blood was obtained bj heart puncture under 
light ether anesthesia Sterile technique was used An initial 0 1 ml of the sterile sample 
was placed in blood culture tubes containing 5 ml freshly prepared trjptic digest broth The 
remainder of the sample, placed in small tubes containing 0 2 mg dried heparin, sufficed 
for all except electrophoretic determinations 


»We are indebted to Dr John Enders for the stock culture used 
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Blood cultures were incubated for twenty four hours at 37 C Positive growths were 
phted out on eosin methvlene blue and blood agar plates, the small violet and small pearlv 
white colonies respectivelv, of gram negative bacilli were appropriate!} identified All nega 
tive cultures were kept five to seven da 3 s before being discarded 

Hemoglobin (ovyhemoglobin) was determined in the Klett Sunimerson photoelectric 
colorimeter, using a 540 m/i filter, and the relative cell volume was calculated from it 
Total plasma protein concentration was determined graMmotncally by the copper sulfate 
method, using the formula Total protein (gm /lOO cc) = 389 6 (Gp - 100/9) 2 Total 
leucocyte and differential counts wore done by the usual methods Blood volume partition 
studies, using Evan’s blue d}c T 1824 and a modified single sample photoelectric micro 
colorimetric technique, 1 were done concurrentlv with the concentration determinations at 
several intervals Total circulating hemoglobin and total circulating protein were readi’} 
calculated and adjusted to unit values (grams per unit blood or plasma volume) These 
unit values wore derived bv adjusting total volumes to a unit of surface area (milliliters 
per 100 cm 2 ) 23 Surface area was calculated according to the formula SA (cm ) = 12 54 
(weight)o 60 24 

Humoral group and tjqie specific antibod} titers wore determined bj a standard two 
fold eight tube scrum dilution agglutination method Five tenths milliliter of a 1 10 
plnsma mixture and 0 5 ml of the appropriate antigen were used in the first tube The 
formalin treated, diluted suspension for floccular agglutination (H or flagellar antigen) and 
the alcohol treated, diluted suspension for granular agglutination (0 or somatic antigen) 
wore prepared from tlie original S lyphmurtum inoculum by standard Massachusetts State 
Laboratorj procedures 

Several animals of each group were sacrificed bv lieurt puncture on the twentv eighth 
postmfection daj, at the time of subcutaneous injection of 0 antigen in the remaining rats 
Sera from the sacrificed animals wore pooled bv group for electrophoretic anal} es Electro 
phoreses of the sera were carried out in a modified fiselius apparatus* Three to five 
milliliters of serum wore diluted to 12 ml giving approMmatol} 2 per cent protein con 
centration and subsequent!} dial} zed against sodium dieth}! barbiturate buffer of pH 8 6 and 
01 ionic strength A 10 ml coll was used and runs of 7,200 seconds were made at 1 to 2 
C and potential gradients of 5 to 6 V per centimeter PJiotographs of achlicren patterns 
obtained with a c}lindrical lens at an angle of 45 , were made and enlarged 1 5 bv pro 
jection Mobilities were calculated from descending boundary patterns Relative proper 
tions of the various plasma components were determined b} planimetry of Gauss curve re 
solved areas The reported compositional data represent an average derived from both ascend 
ing and descending boundary patterns, excluding the delta and epsilon boundary anomalies 

At time of death, bone marrow imprints2C were obtained from the distal diaphysial 
third of the left femur, eight to ten consecutive imprints wore made on each of three cover 
slips A modified May Qrunwald Giemsa stain was used Each of one hundred adjacent 
cells derived from a well defined peripheral area of five consecutive imprints was identified 
and tabulated Cjiclogio classification followed that of Sta‘»nev and Higgins 0 but mega 
knrvocvte mveloblast proniv eloevte, mvelocv to, metnmjelocv tc granulocyte Ivmphoblast 
I'mphocvte, plasma cell, reticulum cell, erv tliroblast, pronormoblast, normoblast and un 
classified cells were enumerated To simplifv evaluation these were grouped ns immature 
nneloid forms, mature granulocv tes, ervthroblasts normoblasts, Ivmphocvtes, and other 
nuscelluneous cells Total marrow celhilnntv was not estimate 1 


RESULTS 

Results aic summarized in Tables I thiough VI and Figs 1 thiough 3 
Groitfh— pi^tussioN 

Caloric atifZ 2\\tio(jcn Contiumption "Weight iiicicinLiits oC 3 to 0 Gm per 
Qii the initial contiol diet icprcscnted an adequate grovtih rate for rats of 

^ccordltiK to the technique of the Department of PI») Icnl Chemistrj ^ 
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Fig 1 — Relative a^ erage food consumption of control and infected rats on 18 pei cent 
and 2 per cent protein diets, Total ration consumed as measured o\er a tuentj-four hour 
period is compared with caloric and nitiogon intakes adjusted to a unit of bodj size 


tins age, se\, and stiain, and foi tins diet Piogressive weight loss, ultnnateh 
amounting to 20 to 25 pei cent of the staitmg body weight, attended protein 
deficiency Gioivtli responses to the 18 pei cent and 2 pei cent casein diets aie 
indicated in Fig 1 Total food consinnption iiei tweiity-foui lioui's iiei lat was 
gieatei in the 11011-110111 ished than in the deficient annndls (10 to 15 Oni pei 
twenty-foin lioui's veisus 6 to 10 Gin pei twenti-foui houl^) The lelatne 
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J'ip — Summarj of the blood and bacterioloeic findings In control or Salmonella infected 

rats on IS per cent or 2 per cent protein rations 


calonc consumption per 100 Gm lat per tiientyfoui honis hot\evcr, -was simi 
lar in both groups Duiing some phases of flic studi the pioteiii deficient am 
Rials appealed to consume moic calories per 100 Gm rat than did the uell 
iiounslied animals Irrespecti\e of infection ucll nouiished animals consumed 
155 to 368 mg N pei 100 Gm int per tuentj four hours and deficient am 
Rials 19 to 39 mg N pei 100 Gm int pci tiicntt four houis (Fig 1) TJio 
similarity of nitrogen consumption in the mfected and nomnfected animals 
and the lack of sinking differences (inespeclne of dietaiy piotein lei el) iii 
calonc intakes per 100 Gm rat per fnentj foui hours seive in lieu of pair fed 
inanition control data Nitrogen consumption of the animals recciiing an 
adequate diet appeared to be inaeiseh piopoitional to gtonth and iinalteied 
b\ infection Nitrogen consumption of the deficient animals i\as maintained 
at a rclatnch constant lo%el despite both infection and piogressnc ueiglit loss 

Shod Siudta — 

JhmoqJohin Hemoglobin oontciiliation Anhus in gianis pci 100 ml foi 

oC this a^e stiani and sc\ i uige fioiii 12 20 ±09 to 15 1 ±0 3“ nnd nie 
siniihi to ^ dues lepoilcd foi olhci sti iiiis Hemoglobin comuitialions ol in 
feclcd and iiomnfittod anim ils followed siimlai lunds DilTiiomis lictwiin 
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Table I A^ERAGE Concenteation Variations 



j PREIMECTION I 










Dl/ RATION OF 


[ PERIOD 

j 










j 

IlMTUL 

1 (10 1 
DAAS) 1 

! PEHtlEKCY j 
(6 DANS) 


48 HOURS 



5 DAYS 


F 

Dietarj level 1 

!<?% 

18% 

2% 

1 18% 

2% 

1 18% 

2% 1 

18% 

Infectious status ! 

C 

c 

C 

I 

c 

I 

C 

I 

C 

I 

C 

I C 

Number of animals t 

0 

1 

3 

5 

2 

5 

2 

5 

2 

5 

2 

5 2 

Hemoglobin (Gm/100 cc , 

124 

13 1 
(2)) 

13 1 

11 0 

12 8 
(1) 

14 0 

170 

12 8 
(3) 

14 4 

10 6 

14 7 

110 12 3 

Total V B G /nun n 
(in thousands) 

IT 1 

11 2 

15 3 

14 7 

36 4 
(1) 

12 1 

11 5 

0 1 
(*1) 

12 4 

88 

13 6 

15 2 13 2 - 

Per cent polj morplionuclear 
leucocytes 

10 

18 

16 

48 

1 

30 

(I) 

44 

16 

29 

20 

17 

26 

21 15 

Per cent hmpliocjtes 

81 

81 

83 

50 

53 

(1) 

7 34 

54 

83 

69 

83 

82 

73 

77 84 

Total plasma protein 
(Gin 100 c e ) 

6 19 

6 26 

5 32 

7 40 

5 85 

6 43 

i 0 73 

7 05 

5 57 

4 98 

7 19 674 


C control 1 infected 


“These data represent a series of ionftitudlnal deteiminations nithin specific grroups Thej InNolved it 
tNumber of animals contributing to each mean is smali Standard de\iatlon of hemoglobin and total PW 
0 05-1 29 » 

^Numbers in parentheses repicsent numbei of animals m group uhen tliat flguie differs from number In 


Table II Average Circulating PaoTEih tNi> j 



PREIN PECTIOb 

PERIOD 


INITIAL 

(IOdaas) 

deficienca 

(6 DAIS) 

5 DAYS 

Dietary level 

18% 

18% 

2% 

18% 

2% 

Infectious status 

0 

0 

0 

I 

C 

I 

0 

Number of animalst 

6 

3 

3 

2 

2 

2 

2 

Surface area 

203 5 

225 0 

192 0 

270 9 

265 1 

182 4 

1718 

(SA = cm2) 








Plasma protein concentration 

618 

6 26 

5 29 

6 69 

7 Oa 

5 43 

4 40 

(TP = Gm /lOO c c ) 








Total plasma volume 

6 81 

10 08 

5 63 

8 34 

8 98 

4 63 

3 71 

(PV, = cc) 








Unit plasma volume 

3 32 

4 44 

2 94 

3 04 

3 30 

2 55 

216 

(PY„ = c c /lOO cm 2 S A ) 








Tot il circulating protein 

0 42 

0 64 

0 29 

0 55 

0 64 

0 25 

019 

(CP, = Gm/PV,) 








Unit circulating protein 

0 21 

0 29 

015 

0 20 

0 23 

014 

oil 

(CP„ = Gm/PV„) 








Total blood volume 

10 72 

16 40 

9 19 

13 40 

15 50 

6 74 

t) 37 

(BV, = cc) 








Unit blood tolurac 

5 37 

7 29 

4 79 

4 95 

5 85 

3 70 

3T1 

(BV„ = cc/100 cni2 S A ) 








Unit circulating hemoglobin 

0 67 

0 95 

0 63 

0 63 

0 84 

0 39 

0 03 

(CHb„ 2= Gra/B5„) 







. 

I infected C control 








“In general each animal vias subjected to onh one 

plasma -volume stud> 

hence the data 

•iThc number of animals contribu Ing to each mean 

is small the standard de\latl'n as prsUit 

PV, + 0 67-1 87 P5 u ±0 Si-O 46 

CP« ±00 

2-0 03 BY, ± 1 07-2 

48 BVu 

± 0 51 

-0 57 CHiKa 
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or* Blcmdd Cells and Plasma Protf'n 


I\ FECnON AM) DIET 


PATS 

1 14 DATS 

i 

1 21 DAYS 1 

28 DAYS 

42 DAYS 

27c 

I c 

18% 

I C 

27o 

I C 

18% 

I C 

2% 

I C 

Wo 

I C 

2%> 

I c 

18% 

I C 

2% 

I C 

5 

n 

5 

2 

5 

2 

5 

2 

5 

q 

9 

2 

5 

4 j 

10 

5 

8 

5 

110 

113 

13 5 

12 9 

129 

13 8 

13 2 

13 3 

12 7 

14 3 1 

14 5 

152 

13 8 

12 7 

154 

155 

12 G 

13 fa 

83 

J2 0 

10 5 

142 

103 

12 0 

18 3 

379 

14 7 

19 5 

15 9 

23 4 

60 

40 1 

148 

25 2 

74 

11 S 

11 

10 

20 

7 

16 

4 

17 

20 

20 

23 

(8) 

25 

10 

(■4) 

19 

17 

18 

11 

11 

12 

89 

88 

(9 

94 

83 

96 

81 

79 

78 

78 

73 

90 

79 

82 

81 

S.. 

87 

So 

o9i 

4 04 

7 30 

es5 

5 06 

4 04 

748 

7 24 

5 63 

5 68 

710 

7 24 

0 51 

5 82 

7 61 

7 83 

5 08 

5 4j 


P^'ated observations frequentlj derived from the same anl mal for the duration of the experiment 

teln as pre%IousU determined In atatlatlcallj adequate series of similar rats \vas TP ± 0 34-0 41 Hb 

’ dicated at top of column 


^ Hemoolobin Variations "WiTn Diet and Infection* 


DURATION Or INFECTION 



14 DAYS 



28 DAYS 



42 DAYS 


187c 

2 

% 

18% 


2% 


1 is7c 

2 

% 

1 

C 

I 

C 

I 

C 

I 

C 

I 

C 

I 

r 


2 

2 

<1 

2 

2 

o 

2 

4 

4 

4 

4 

‘'jns 

240 4 

183 0 

170 4 

1 -79 7 315 4 

205 7 

158 8 

299 0 

306 3 

172 4 

IH 1 

4( 

faSo 

j SS 

4 94 

7 14 

7 24 

601 

5 28 

, 2S 

, lU 

j 10 

w> 23 

0 4<) 

419 

3 oS 

3 71 

5 18 

8 7<1 

4 86 

183 

4 82 

7 42 

3 09 

o 28 

Ml 

1 to 

1 92 

2 II 

I 84 

2 96 

2 36 

243 

1 62 

2 40 

2 12 

1 99 

941 

0 29 

021 

0 18 

0 37 

0 67 

0 29 

0 20 

0 38 

0 OI 

0 19 

n I, 

OIG 

0 12 

0 12 

0 10 

0 18 

0 22 

0 14 

0 13 

0 12 

0 19 

n 11 

0 11 

OOo 

0 81 

o 9 

G2u 

9 07 

15 90 

8 19 

6 13 

9 no 

1" 7 

o 8, 

} 4” 

3 40 

2 o7 

3 10 

3 5o 

3 26 

)0) 

3 98 

3 86 

01 

4 4- 

341 

3 U 

04, 

03 

041 

0 49 

0 4- 

0 70 

0 55 

0 49 

0 4fa 

0 09 

0 43 

0 43 


tOulu ' •‘pJ’rtstnt determinations on npproxlmatelj flftj rats 

03-0 tlcallj adequate gjoups of Imllnr rats was ns follow TP ± 0 34-0 41 
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well-nouiislied and deficient annuals weic appaienl onh slioith a£lei intcction 
was initiated and afiain loitv-two davs latei as the expeinnent was concluded 
The immediate post infection peiiod was aecompanied hv higliei henioglobiii con- 
eentiations in the inteeted and contiol pi otein-defieieiit aumials (Table I) 
Hemoconcentiation attending this pliasc of acute inotcin deficiencj would seem 
to account foi the high levels noted and seive to mask a suggestive depletion of 
unit ciiculatmg henioglobm m the piotem deficient gioiips^® (Table II, Pig 
2) Hoivevei, a consistent lelationship between hemoglobin concentration and 
unit cnculating hemoglobin was not demonstiable dunng this eaih phase of 
lapid adjustment to infection and diet At twentv -eight and foitv-tw'o dais 
aftei infection, both hemoglobin concentiations and unit cnculating hemoglobin 
levels appealed to be diminished in the pi otem-deficient animals, wnthout signifi- 
cant difference being imposed bv infection Tins finding w ould seem compatible 
with the obsened anemia associated with long-continued low casein diets^®'^^ and 
IS possiblj 1 elated to impaiied globin fonnation The deci eased unit circulating 
hemoglobin of the weli-noiiiished infected animals was masked by the de 
Cl eased plasma volume and lesultant appaieut hemoglobin concentration With 
the exception of a piobable technical eiioi on the foiiiteenth postinfectioii day, 
the cnculating hemoglobin of the uninfected, w ell-nouushed lats was some- 
what gieatei than that noted in the othei gioiips The lelative anemia of the 
well-nourished infected animals mav lepiesent an anemia of infection, presiim- 
ablv 1 elated to hypofeiiemia 

Total Leucocyte and Di^etenUal Counts Reported vmiues foi total leueo- 
c^de and diffeiential counts in lats appioximate 8 to 15,000 white blood cells pei 
cubic niilhmetei, of which 4 to 25 pei cent aie pDljunoiphonucleai gianuloevtes, 
the remaindei, laigelj Ivmphocjdes Infected and contiol animals on the 2 
pel cent pioteiu diet manifested an absolute leiieopenia aftei approximatelv 
thiee weeks of dietarj deficieiicj’^ Leucopenia’® and gianulocjdopenia®^ have 
been obseived to attend piotiacted dictaij piotein lestiietion Well-nouiished 
uninfected lats appealed to have the highest total white blood cell counts aftei 
the second post-iiifeetion w eek No othei striking differences in total white blood 
cell counts of the vaiious e\pei mental gioups weie evident Relative Ijmpho- 
penia was obseived m both gioups of infected animals foity-eight houis aftei 
infection was initiated The 18 pei cent contiol value inadveitently lepiesented 
a single animal obseivation With tins possible exception, the immediate post- 
uifection Ivmpliopenia would seem to be in accoid vvith the alarm leactioii phase 
of the geneial adaptation svTidiome of Selve®’-®® and mav have repiesented a 
peiiod of lapid Ivmiphocvde dissolution with attendant elaboiation of antibodv 
globulin®® 111 both gioups of infected lats, although no antibodv titers were 
demonstrable at that time 

Eematopoiesis Peiipheial blood leucocytes and hemoglobin variations vveie 
associated with suggestive hematopoietic changes in the femoial bone maiiovv 
The distiibution of cellulai elements in the femoial maiiovv of the twentj -seven 
vveU-noiirished and twentv-five deficient lats examined was similai to that le 
ported in tvventv-foui Wistai strain*® and twelve Rockland stiain lats®® Pro- 
tracted piotem deficiency was associated with a tendency toward a relative 
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inciease of immatuie myeloid foims without appaient increase in matuie 
giannlocytes, eithei in the maiiow oi peiipheial blood This may have been 
a compensatoiy i espouse to penpheial leucopenia, oi might suggest a gianu- 
locyte matuiation inadequacy oi aiiest Depletion oi inhibition of some 
fact 01 necessaiy foi pioduction of the matuie gianulocyte may have been 
lesponsible The phenomenon appealed to be associated vith dietaij^ piotein 
deficiency iiiespecti've of infectious status Fewei maturing eiythioid forms, 
paiticulaily normoblasts, were noted in the deficient lats The diminished 
eiythiopoietic actniti of the piotein deficient lat may have lesulted fiom in- 
adequate globin foimation and may have been partially responsible foi the 
obseiwed depletion of unit cii dilating hemoglobin At the leiel of hemoglobin 
sjnithesis attained, hj^pofei remia associated vith infection^^ appealed to be a 
less impoitant limiting factor The tendenej’^ of infected Avell-nouiished animals 
toward a laigei piopoition of enthroid forms than the uninfected controls might 
reflect a compensatoij response to relative depletion of unit circulating hemo- 
globin Presumably adequate globm sjnithesis oeeuiied on an 18 per cent casein 
diet Accoidinglj^, at the level of hemoglobni synthesis in the well-nourished 
infected lat, hvpofeiiemia may have been a limiting factor and partially le 
sponsible foi the obsei\ed depletion of unit ciiculating hemoglobin 

Hematopoiesis, as reflected in the femoral marrow myeloid-eivthioid difter- 
enees, appeared to be more influenced by diet than by infection The immune 
1 espouse observed at forty two days postmfection did not appeal to be associated 
vith distinct variations in the femoial bone maiiow picture in any of the groups 

Plasma Pioteins Total plasma protein eoncenti ations in rats of this age, 
se\, and strain vai’v from 6 60 ± 0 1 to 8 07 ± 0 07 In this particular experi- 
ment, the total plasma protein concentration appeared to reflect the level of pro- 
tein nutiition of the animal In general, however, the measurement of concen- 
tration provides an inconsistent indication of total circulating proteins owing to 
plasma ^olume variations Piotem deficiency per se is attended by signifi- 
cant decreases in unit circulating plasma proteins”® “ (Pig 2, Table H 
Infection per se did not appear to induce significant change in total plasma pio- 
tein concenti ations However, the unit circulating proteins of the infected rats 
on the 18 per cent protein diet w^ere somewhat reduced after tventy-eight to 
for tv-two days, m comparison with the appropriate controls, but exceeded those 
of the piotein-deficient animals Both groups of deficient animals had similai 
unit circulating protein levels 

Infection per se appeared to be associated vith minimal change in plasma 
piotein concenti ation, unit circulating protein, and electrophoretic plasma pio 
tein components The electi ophoi etic distribution of plasma components, like 
the othei piotein measurements, varied with the dietary status Pauly adequate 
lesolution of the major plasma piotein components (albumin, alpha, beta plus 
fibrinogen, and gamma globulins) vas possible with a diethyl barbituiate buffer 
at pH 8 6, under the conditions of electi ophoi esis More detailed differentiations 
of alpha-1 and alpha-2 globulins and of alpha-2 and beta globulins were less satis 
factory Hove^el, assuming six components, (rauss probabilirt drives were con- 
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Table IV Electpophoretic Mobilities op A\eii Nourished axd Ppotein Deficient Rats 



1 ‘f” 

1 ALBUMIN 1 

a 

1 

1 

1 (3, + •!• 

1 V 


Range 1 


1 5763 1 

4753 

14146 

[34 38 

1 2 3 2 6 

114 15 

Mean | 

1 79 



1 43 

1 36 

1 26 1 

1 1 4 


Range 

7177 

1 5560 1 

BliHiW 

IKtJtU 

1 3 7 4 2 

1 2 2 2 6 

1 00 1 5 

Moan 

73 

1 59 1 

48 

1 35 ; 

1 4 1 

1 25 1 

1 I 3 


Mobilities calculated from de cendlng boundar> patterns onl> according to the formula 
A h X — ^Mllllampcfea) ' \alue3 repre ent M X 10* The lo^\G^ \alues In the 

range of per cent diet pla mn. mobilities are contributed entirely by the 2 per cent control 
group after twenty eight days of diet deficiency This analysis was run some months after 
those of the 8e\en other groups Ml means are rvelghted by relatiNe numbers of animals 
per group contributing to the \alue 


SAT PLASMA 


28 DAYS POST INPECTlOH 
BEFORC ANTIOEN 


42 DAYS POST IKFECTJON 
14 DAYS AFTER ANTlQEN 



'«% CORTROL 

nor infecteo 







F- r*5 2 — Schllercn patterns of the electrophoretic analyses of rat plasma pools derhtl 
‘rom Infected and nonlnfected rats on 18 ptr cent and - per cent protein ration Both ns 
wnainc and descending boundary patterns are shown tTventy -eight days after Infection (pror 
m antigenic stimulation) and fourteen days later following the Injection of S typhimutium 
vii (leterhunatk ns wlic mnile « ing a sodium dietinl barbiturate buif r at pi! 
a b and 0 10 Ionic strength The *’ per cent diet Infected prcnntlgen pattern and the per cent 
control postantigen pattern represent protein concentrations of 1 and 1 4 per cent rcspcc 
..^^0 remainder of the patterns repres nt onaly es at *’ 0 ± 0 1 per cent protein con 

^niratlons. 
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Tablf V EleptivOi jiohetic Vai iatioks in 



NUM 

BER 

OF 

PLASMA j 
PROTEIN 
CONCEN 
TRATION 
(GM/ 1 


PER CENT 

PLASMA COMPOSITION* 


GROUP 

AM 

MAI S 

100 
c c ) 

< < £ J > 

ALBU 

MIN 

at 

a 

^1 

/3 +4- 

y 

TOTAL 

28 dais postmfection 
(before second antigen) 

18% control 

o 

6 46 

30 

54 5 

10 9 

5 G 

3 6 

15 2 

72 

99 9 

18% infected 

9 

6 78 

29 

510 

11 6 

7 7 

46 

15 3 

74 

99 5 

2% control} 

4 

5 18 

54 

60 8 

59 

43 

3 3 

14 8 

55 

100 0 

2% infected 

4 

6 28 

69 

43 2 

12 0 

66 

57 

ISO 

77 

1001 

42 dajs postinfection 
(after second antigen) 

18% control 

5 

7 12 

42 

57 0 

6 7 

72 

3 0 

15 2 

69 

100 2 

18% infected 

10 

7 36 

34 

55 6 

59 

45 

3 5 

16 1 

10 7 

99 7 

2% control 

5 

5 68 

33 

49 0 

11 5 

6 1 

58 

18 4 

60 

1001 

2% infected 

8 

5 13 

85 

48 7 

0 8 

58 

53 

16 7 

53 

100 1 


•Somewhat arbitrarj talues domed from relatl\e areal resolution and i epresentingr aterage per 
iDerKed from the product of the plasma protein concentration of the pool and the per cent 
JRepresents the product of the ateraec unit circulating proteins (Table II) derlted from tlie 
of the resoHed schlieren pattern 

JT«o per cent control calculations nere dented from elect! ophoretic runs carried out several 

sistently and leasonablj^ if somewhat aibitiaiily, diaiin Sepaiation of beta-1 
and beta-2 globulins uas not entiielj’’ satisfactoij’- m these analyses, although dis- 
tinct demarcations weie appaient in some instances Beta-2 globulin and fibrino- 
gen were not sepaiated undei the conditions of electiophoiesis and, accordingly, 
weie eonsideied together Gamma globulin was quite distinct in all patterns and 
■was well separated fiom the boundaries A so-called “f" component with mo- 
bility gieatei than that of albumin has been noted in rat plasma^' and consist- 
entlj’^ appealed in our patterns Its significance is not knowm The mobilities of 
the yaiious components (Table IV), calculated fiom the descending patterns, aie 
sunilar to those lepoited foi other lats”'’ and loughly approximate the mobili- 
ties of human plasma components 

The plasma composition is indicated in Table V Typical patterns are illus- 
trated 111 Fig 3 Since all electrophoretic data were deriyed fiom pooled 
samples, the range and standaid deviation of indiyidual rat yariation were not 
eiudent The composition of lat plasma appeals to yaiy with the stiain used 
Preyious leports have been laigely concerned ivith the Long-Evans'*® or 
Spiague-Dawley stiains^-' In the Slieiman stiain lat used m this study, the 
plasma composition was similar to that obseiwed in man gamma globulin 
values weie slightlj lower 

Concentrations of the vaiious plasma components ivere calculated from the 
piopoitionate composition of schlieren patterns and the total plasma piotem 
coneentiations of the respective pools Since unit circulating protein data ap- 
pear to be moie reliable than simple concentration measuiement as an indicator 
of plasma piotein variation, the total circulating amount of each plasma com- 
ponent in the vascular compartment was also calculated and adjusted to unit 
value Such aibitiaiy calculation -was dependent on lesolution of electrophoretic 
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CONCENTRATION OF PKINCIPAL PLASMA PROTEIN UNIT CIRCULATING PLASMA PROTEIN COMl OSITION 
COMPONENTS (GM /lOQ C C ) f (OM /UNIT PLASMA VOLUME) j 















019 

3 

53 

0 

70 

0 

36 

0 

23 

0 

98 

0 

47 

0 006 

0 

120 

0 

024 

0 

012 

0 

008 

0 

033 

0 

016 

0 

22 

O^O 

3 

45 

0 

79 

0 

52 

0 

31 

1 

04 

0 

50 

0 005 

0 

092 

0 

021 

0 

014 

0 

008 

0 

020 

0 

013 

0 

18 

0‘’8 

3 

14 

0 

31 

0 

22 

0 

17 

I 

10 

0 

28 

0007 

0 

079 
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OOS 

0 

006 

0 

004 

0 

019 

0 

007 

0 

13 

043 

2 

71 

0 

75 

0 

41 

0 

36 

1 

13 

0 

48 

0 010 

0 

061 

0 

017 

0 

009 

0 

008 

0 

025 

0 

Oil 

0 

14 


0 30 

4 

06 

0 

48 

0 

51 

0 

21 

1 

08 

0 

49 

0 

OOS 

0 

108 

0 

013 

0 

014 

0 

000 

0 

029 

0 

013 

0 

19 

0’5 

4 

10 

0 

43 

0 

33 

0 

26 

I 

18 

0 

51 

0 

004 

0 

067 
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007 
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005 

0 

004 

0 

019 

0 

013 

0 

12 

019 

2 

78 

0 

65 

0 

35 

0 

38 

1 

02 

0 

34 

0 

004 

0 

054 

0 

013 

0 

006 

0 

006 

0 

022 

0 

007 

0 

11 

044 

2 

51 

0 

51 

0 

30 

0 

27 

0 

86 

0 

27 

0 

009 

0 

054 

0 

on 

0 

006 

0 

006 

0 

018 

0 

0U6 

0 

11 


cent composition of ascending and descending boundary patterns 
areal composition of the resolved schlleren pattern 

plasma protein concentration plasma volume and surface area and the per cent areal composition 


months after the other seven determinations 


components, plasma ptotom concentrations, and mean unit plasma volumes 
(Table V) Aocoidmgh, these data arc inoic relative than absolute, owing to 
limitations in tne vaiious teohniques cmploved The results lemain propoitional, 
however, since the ciioi was svstcmatie 

Seveie piotcin defloiencj protiacted foi foui to si\ weeks resulted in i 
considerable decrease in total plasma piotem concentration and in unit circulat 
mg protein This diminution in protein usuallj has been consideied the lesult 
of albumin depletion” “ In the electroplioictic patterns as noted bv Bielci 
and CO workers, nutritional hj poproteinemia did not appeal to be cliaiacterized 
bj a marked decrease in the propoitionate area representing albumin How 
ever, watli calculation of the lelativc concentration (grains pel 100 cc ) of the 
various electrophoretic plasma protein components it was evident that protein 
dcficiencj was chaiacteiized bj a icdiiction in electiophoietic albumin as had 
been noted in dogs’“ ‘ Albumin depletion appealed more marked when intei 
preted in relation to the associated diminished plasma volume (unit ciiculating 
plasma protein composition) * The proportion of the pattern and the eoneen 
tration of alpha and beta globulins appeared slightlv increased in the lijpopio 
tcinemiG lats This observation is in general aceoid with that of Chow When 
aljusted to unit plasma volume, no distinct difference between ciiculating alpha 
and beta globulins in the w ell iioni islicd oi deficient animals was noted The 
most marked electrophoietic change induced bv protein dcficicntv was the 
reduction in both conccntiation and unit circulating amounts of gamma globulin 
This relative depletion was most evident, as might be evpeeted altei si\ weeks 
of sev ere protein deficiency No significant cliango m gamma globulin in 

The relative^ high albumin of the nonlnfected rata on the tv\ent> eighth da> of the 
Wr cent protein diet remains unexplained This run having the slowe t mobiUtl a of the 
8eric<! v\as made everal months after the other determinations 
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1 espouse to infeetiou pei se was noted m the eleetiophoietie patterns of eithei 
the ell-noui ished oi deficient gi oups 

Bactenologic and ImmunoJogic Responses — Infection following innoculation 
with S tijplnnmnuni iias coiioboiated bj blood ciiltuie The time incidence 
and duiatioii as oliseiied ni the 114 animals compiisiiig this and the prelimmarv 
expeiimeiits weie somewhat laiialile in individual animals inoculated with the 
same initial dose of oigaiiisms In some instances bacteiemia was piesent at 
twenty -foui houis, in otheis, it did not appeal until foity eight houis Jiad 
elapsed It vas demonstiable foi thiee to ten davs In this study, blood cultuie 
of infected lats on the IS pei cent piotcni lation levealed demonstiable bac- 
teiemia in all those cultiiied at foi tv -eight houis One of five piotein-deficient 
infected animals did not have a positive blood cultuie at foitv'-eight houis At 
foul davs one ot five well noiiiished and thiee of five deficient lats had positive 
blood cultiiies The piesence of bacteiemia at tvventj eight days postinfection 
111 a single piotein-defieieiit animal leiiiains iiiiesplained (See Fig 2 ) No 
ciiltiiies of the noiiinfeeted eoiitiol lats weie positive (Table VI) 


Table VI Bacteriologic and I^^MU^OLOGIC jMvmffstations 


DIET PBOTEIX LEVIED 

POSITHTS BLOOD CULTLTE 

1 

VYEPAGE 

AGGLUTININ TITER* 


18% 1 

1 2% 

1 13% 

1 2% 


IN' 


IN 


1 INi-EClED 

1 roNTPOi 



infectious status 

FECTED 


FECI ED 


■31 

wm 

MM 

0 

mm 

■■ 

'mm 

0 

Number of animals 

5 

2 

5 1 

2 

0 

5 

2 

2 

5 

5 

2 

2 

Premfection control 

- 

0 


0 

- . 

- 

0 

0 

- 

- 

0 

0 

period 


(3)? 


(3) 



(6) 

(6) 



(6) 

(6) 

Postinfection 













48 hours 

5 

0 

4 

0 

0 

0 

0 

0 

0 

0 



5 dajs 

1 

0 

3 

0 

06 

90 

0 

0 

133 

80 

0 

0 






(3) 

(•1) 

(1) 


(3) 




10 dajs 

0 

0 

0 

0 

120 

SO 

0 

0 

ISO 

152 

0 

0 



i 



(4) 




(4) 




14 dajs 

0 

0 

0 

0 

40 

88 

0 

0 

88 

04 

1 - 

0 








(1) 






21 davs 

0 

0 

0 

0 

60 

4 

0 

0 

208 

144 

0 

0 

28 dajs 

0 

0 

1 

0 

276 

44 

0 

0 

232 

44 

0 

0 


(q) 




(9) 

(9) 





(4) 

(4) 

42 davs 11 

n 

0 

0 

0 

400 

200 

4 

4 

356 

328 

0 

4 


aov 

!(o> 

1 (9) 

(5) 

(101 

(10) 

(5) 

(5) 



(5) 

(5) 


•On twofold dilution basis first tube 1 20 second 1 40 etc Titeis iie reported as 
the reciprocal of the a\ense titer of the group 
tH indicates flagellar antigen agglutination 
JO indicates somatic antigen agglutination 

§Numbei in parentheses indicate*; number of animals lepiesented in detcimination when 
that figure differs from number indicated at top of column 

II Fort^ -second day titeis lepresent deteiminations made fourteen d'i\s after injection of 
O antigen subcutaneouslj in all animals on the twenty eighth postinfection da% 

No veij maiked diffeieiiee in the incidence of bacteiemia vv^as noted in the 
respective dietaij gioiips Two spontaneous deaths oeeuired dining the post- 
infection phase, both weie in protein-deficient lats Onh one was an infected 
annual and it died on the lunth postinfection and fifteenth diet deficient day 
The other, noninfected, died on the tw entv -seventh daj of dietarv deficiencj 
In pieliminai'j expeiiments, an approximate 50 pei cent moitalitv was observed 
in both diet groups The major it j of those spontaneous deaths oeeuLied befoie 
the third postinfection daj in the deficient rats In the vveU-nouiislied rats. 
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sporadic deaths weie noted ovei a ten dav peiiod The low mortalitj of this 
study would appeal to be the lesult of the rclatnelj small inoculum of liable 
cells The host'® and pathogen’® \aiiation from e\peiimcnt to CNpeiiment cannot 
be adequatelj eraluated The route of infection appears to be of considerable 
importance in relation to the subsequent clinical coui’se In per os infections 
with S typimunum demonstiable bacteiemia laielj oecuis Extension of in 
fection IS largely hunphatic Diaiihea max cliaiaetciize the clinical coiii-se 
With intrapentoneal inoculation dissemination of oiganisms is appaienth 
largely hematogenous and diarihca is not a constant finding 

The aierage agglutinin titei to somatic and flagellai antigens is tabulated 
nccoidmg to the reeipioeal of the axciage titer of the group (Table VI) 
The trend of antibodj i espouse to infection is depicted in Fig 2 It is exident 
that both 0 and H agglutinin titere ucre demonstiable at fixe dajs postinfection 
m both deficient and xx ell noui ished lats The highest lecoided titer in both 
groups at that tine was 1 160 Titers lemamed lelatixelx constant axeiaging 
appioximatelj 1 160 foi twentj one dajs aftei infection H agglutinin titei-s 
in both deficient and xx ell nourished animals xveie somewhat higher than 0 ag 
glutinins The difference xvas more marhed at txxcntx eight da>s, flagellai ag 
glutinins m some instances attaining titcre of 1 640 (sexen tubes) in both diet 
gioups These data suggest that sexeie protiacted piotem deficienex per so 
did not impaii eii dilating humoial aiitibodj response to the x indent infecting 
pathogen used in these studies Lack of significant differ ence m quantitatixe 
circulating gamma globulins m the txio diet groups appeal’s consistent xxith 
the obserx ed antibodj responses at txxcntx eight dajsaftci infection 

On the txventx eighth postinfection dax all animals xvere inoculated sub 
cutaneouslj xvith 0 antigen in oidei to test the immune and anamnestic re 
spouses The average response of the deficient infected animals as measiiied 
hj 0 and H agglutinin titeis xias slightlx greatci than that of the xvell nourished 
animals The highest titei-s xveic 1 640 and 1 1 280 The inciease in 0 ag 
glutniin titer's, coiiesponding to an immune response iias more marked than 
the associated use in H titer's The apparent immune and anamnestic aggliifinin 
responses did not appear to eon elate xxath the changes in quantitatixe ciiciilating 
gamma globulin m either group Unit circulating gamma globulin of the 18 
per cent piotein rats remained cssentiallj unchanged, that of the 2 pci cent 
protein lats xxas distinctlj diminished, despite incieased agglutinin titers in 
both gioups No significant differences in ciiculating gamma globulin weic 
noted between infected and control animals of respectixe diet gioups although 
the control groups had negligible oi no agglutinin titers at eithei txxentj eight 
or fortj txxo days These data might be consistent xxith obserx ations that the 
0 antibodx to anothei baetciial species, Eberthella typJiosa, is not contained m 
the gamma globulin fi action’ oi that all gamma globulin is not antibodx ’ 
In this regard, it is inteiesting that the som itic antibodx is piobahlx more closelx 
related to piotectioii against infection thin is tlie flagellar aiiibodx ’ The 
sceoiidarx use in 0 titer folloxxmg inoculation of txpe specific 0 antigen in 
the hx-poproteiiiemic rats xxoiild seem to indicate that dictarx piotein deficienex 
does not senoiislx impair the mechanism for piotcctixc antibodx faliiication in 



62 


METCOFF, DAEUNG, SCANLON, AND ST.VRE 


tlie lat This finding is at vaiiance inth that lepoited by Cannon and co- 
MOikeis” ” and Beiiv and associates^* m lats, and by Kiebs®“ in one patient 
It IS in accoid Mith the conclusions reached by Bielei and co-woikeis°^ ynth 
seyeial human subjects y ith hypopiotememia 

COMMENT 

Piotein defieiencj causing inadequate response to infection would appeal 
to be an oi ei'sunplification of a many-faceted phenomenon An appropiiate 
expel imental piocediiie involving the single vaiiable of piotein deficiency has 
not jet been leported The genetic status of the host'® and pathogen,®® host 
factois initiating aiitibacteiial immunitj,®® the souice of piotein,® piotein defi- 
ciency conditioning other nutiitional inadequacies as foi example that of 
niacin,®' and numeious othei fundamental vaiiables have not been simultane- 
ously conti oiled Endoci me piotein metabolic intei relationships®® and coin- 
cident nitiogen balance, liver protein, and piotein sjmthesis studies Mould be 
helpful in inteipieting the place of piotein in infection response ®* 

This study repiesents an attempt to coii elate a few related phenomena 
Data deiived from this and tlie pieliminary studies manifest some degree of 
lepioducible consistency, houeyei, conditions attending the obseiwations neces- 
sitate some degree of statistical inadequacy The most satisfactoij' absolute 
measuxes of expei imental infection mth a virulent pathogen are noninfection 
01 death — complete lesistance oi complete susceptibilitj' — as specific unequivocal 
end points Howe^er, physiologic ^al rations associated nitli such an infection 
must be measured in the mid-giound betneen complete resistance and suscepti- 
bility, and hence aie dependent upon continuity and inteiiupted by death The 
data of this study, therefore, are not strictly comparable to those of Schneider 
and 'Webster,'® Sako," or Watson®, then data veie concerned with unequivocal 
susceptibilitj’’ 01 lesistance, this study with neither Noi is it comparable with 
the data of Cannon and eo-voikers'^ '® oi Beiiy and associates,'* since in their 
studies infection was not initiated 

The response to specific Salmonella infection of the protein deficient lat, 
as demonstrated bj’- Zilva,®® Lassen,®® and Guggenheim and Buechlei'® and some- 
what extended by this report, is apparently not markedly different from that 
of the well-nouiished control Phj’siologie vai rations in circulating protein 
obseiced m the Salmonella-infected piotem-deficient rats of this experiment 
appear to be adequately explained b> the protein deficiency per se and were 
compaiativeh uninfluenced bj’’ infection Hematologic and hematopoietic re- 
sponses, on the other hand, appear to be influenced to some extent by both diet 
and infection Bacteiiologic and immunologic responses, m contrast to those 
of the plasma proteins, did not appeal to be significantly altered bj"^ protein 
deficlenc^ It is perhaps iiielevant to indicate tliat the crude measures of 
bacteremia and suimval are not the onlj manifestations of bacteriologic response, 
and antibod\ titei does not v holly define antibacterial immimity The multi- 
plicity of subtle changes imolved in both piotem deficieiicj and infection pre- 
cludes such o^ ersimplification of a possible intei relationship Salmonella in- 
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fection, for example, is presumably an intiacellular infection imohing mono 
nuclear cells of Ijunplioid follicles Protein deficiencj of the tjpc initiated 
might not siifficicntlj damage these cells which presumablj mediate both tho 
course of infection and antibodi response 

SUMMARY 

Rigid conclusions cannot be drarni from a biologic studi inxolving isolated 
changing responses, lathei than a specific unequivocal end point The data 
presented are consistent 'with those obsened in pieliminaii expeiiments The 
data on glowing Sheiman stiain rats subjected to infection wutli viiulent S 
iyplmnunum and to either severe piotnctcd piotein deficiencj at nitiogen 
intakes varying from 19 to 39 mg nitrogen pei 100 6m lat per 24 houis, oi 
adequate nitrogen intakes approximating 155 to 368 mg nitiogen pei 100 Gm 
rat per 24 hours, may be summarized as follows 

1 Quantitative circulating plasma pioteins particularlv gamma globulins 
in both well nouiashed and protein deficient animals appeared to be relativeh 
uninfluenced bj infection per se despite observed changes attending protein 
deficiency "With protracted protein deficiency, decreased nnit circulating plasma 
proteins, apparently repicsentmg a depletion of albumin and gamma globulin 
components, were obsorv ed independent of infection 

2 In both well nourished and protein defieient lats, hematologic lesponses 
as evidenced bj differential bone marrow counts, total and differential leucocyte 
counts, and cuoulating hemoglobin values appealed to bo altered somewhat bj 
both infection and diet Decreased unit circulating hemoglobin was noted in 
both well nourished and deficient infected rats The diminution was somewhat 
more marked in the pi otem deficient animals Total leucoejte counts of the 
deficient groups were somewhat lower than those of the well nourished the 
initial postinfection lelative Ivmphopcnia manifested bj both infected gioups 
w'as similar 

3 Hematopoiesis, as leflcctcd in the femoral mariow myeloid eiythroid 
diffeienccs, appeared to bo influenced moie bv diet than bj infection Protein 
deficiency was associated vvath a tendency toward a relative increase of immatui e 
mjeloid forms and decreased numbers of maturing erythroid elements Well 
nourished infected animals appeared to have a iclativelv gi eater number of 
maturing en throid foims than the controls 

4 Bacteiiologio and inimunc lesponses icsultmg fioin infection and sec 
ondiiv antigenic stimulation were csseiitiallv unaltered bv seveic dietarj protein 
dcficicncj No significant diffeiencc in the incidence of bactciemia was noted 
between infected rats on the 2 pei cent or the 18 per cent casein diets Despite 
rclatiic quantitative depiction of ciiciilaling gamma globulin, piotem deficient 
rats attained nntibodv titeis equivalent to those of the w ell nourished animals 
m response to infection rollovving specific secondaiv antigenic stimulation 
the use in humoral antibodv litci was moic mniked in the deficient than in the 
well noiiiistied rat Despite use in titci no significant change in circulating 
gamma globulin was observed in either group 
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5 In geneial, peitaimng to the moieties tested, lats undeigomg se\eie 
protein depiivation appealed to lespond similailv to and as adequately as Mell 
nouiished controls to infection uith S typhimui lum 

AVe are indebted to Dr E J Colin and Di 1 L Oncley foi making the Tiselius ap 
paratus available, to Mr AI Budka and AIiss M Hassen for their assistance in the electro 
phoretic determinations , to Miss Anne Shapiro and AIiss Dons At ilson for valuable assistance 
during the nork, and to Dr Jane yVoicester, Dr C A Janeiiaj, and Dr John Enders for 
suggestions regarding evaluation of the data and presentation of the material 
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IIKJII VITAMIN A INTAKE AND BLOOD LLVI LS OK CIIOLLST] ROL 
PHOSPHOLIPIDS CAEOTENL, AND VITAMINS C, A, AND I 

John T ViN Bnuofj] \,* Pd D v,^DJo^^ STr\in!rjonD, MD 
Astoriv, Orf 

T he hteiatuie contains seveiil icpoits iclatmg -utamin A to the blood and 
tissue lipids Josephs' ' has re\iei\cd most of the pertinent iitieles and fiom 
them and his omi work concluded that the hj-polipemia seen in a utamin A 
deficient animal is due to a specific pathologic effect of an actual inteiinl de 
ficiencj of sitamin A It uas found that the abrupt administntion of large 
amounts of this vitamin caused a maiked use in total seium lipids of both nor 
iiial and aitamin A deficient lats Josephs ^ suggested a simple fat soliibilitj 
relationship bctiveon the \itamin and other lipids to account for this effect ot 
Mtaiiiin A GieenJ ® in studies on seium esterase and fat ahsoiption, and 
Monaghan and Schmitt, uho im estimated the effect of \itamin A upon un 
saturated fatty acids Mere inclined to iclate Mtamin A action to metabolic 
processes of essential coUulai stiuctincs insolving phospholipid complexes 
A numbei of woikers haac not been able to demonstrate the hypolipemia of 
\itamin A deficienoj and the hjpeibpcniia pf high Mtamin A intake Smith * 
in fact, found an ineicase in blood fatty acids and cliolesterol in deficient rats 
and Sure Kik and Cliureh'’ found no change in blood fatti atids, cholesterol 
and phospholipids in Mtamin A deficient albino lats Ralli and 'Watei house'” 
found an ineicase of blood cholestciol in deficient dogs 

If the hjpeilipemia obsoived by Joseplis in a cliild* and the lijpeicholes 
terolemia induced bi i itamiii A in the patients studied bj Lasch" and Jusatz’ 
arc a normal response in man to large doses of the Mtamin then a study of 
this lesponse may help to iincoiei the lole of tnis Mtamin in human bioehemi 
cal processes In addition, if this blood hpid response is a geneial phenomenon 
induced hy ingestion of Mtamin A the extent of these changes needs to be de 
tcrmined because ot the association of hyperlipemia and hypeicholcsteiolemia 
'Mth important pathologic piocesscs 

That Mtamin A may he mtcrielatcd yyith a numhci of other Mtamins is 
cleaily pointed out in the levieyy of this subject by Mooie" In the present 
study an attempt has been made to mycstigatc not only the relation of yutamin 
A intake to blood lipid ley els hut also to the blood ley els of seycrnl of the other 
Mlnniins inteiielated yvith yitamin A 

General Considerations — ^We hayc had the opportunity of studyaug the 
effeets of daily supplementation yyitli 100 000 lU of Mtamin A on a gioup of 
patien ts in the Western State Hospital t Some of the effeets of this supple 

Prom tlip Astoria Extension Research laaborntorj (Department of Biochemr*ttrj "Lnl 
'er8lt> of Oregon Medical School) 

Recel\ed for publication Oct 3 194 

f, Present address Department of Biochemistry Unheralty of Oregon itcdicnl School 
I ortland Ore 

,, tThe patients and facilities of the hospital at ‘^teilacoom Masli ucre kindlj put at our 
Dr M Is Keller for a longterm study of the effects of \itamin V uj plemonta 
Without the assistance of Dr William I Dublin anl Dr Bernice M Hnxon this v.oTk 
' 01(1 not ha^e l>ern j os Iblo 
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mentation on the skin of these patients 11111 be lepoited by Dublin and Hazen “ 
The piesent papei is conceined with a compaiative study of the blood vitamins 
A, E, and C, cholesteiol, and pliospholipid levels in a gioup of patients sup- 
plemented with 100,000 units of vitamin A daily and in an unsupplemented 
gioup of patients We have been unable to find in the literature any repoits 
of Moik in which supplementation with laige doses of vitamin A ivas continued 
ovei a long peiiod of time and m which blood assajs foi these vitamins and foi 
lipids weie pei formed on a sufficient number of mdniduals to wan ant a sta- 
tistical tieatment of the lesults 

The niimbei ot patients in eacli gioup at the lieginnmg of the study ivas 
thiity-si\ The patients in these gioups weie in similai mental and phjsical 
condition as indicated In examination and distribution cuives foi age, height 
and w eight 

The supplemented gioup leceived at all tunes the same institutional diet 
as the contiol gioup but, in addition, one capsule® daily containing 100,000 lU 
of vitamin A Deteiminationsf of plasma caiotene, vitamin A, iitamin E, free 
and total cholesteiol, and pliospholipid as ivell as ivhole blood -vitaniin C ivere 
done on five occasions — once befoie supplementation ivas staited and after in- 
tervals of appioximateh eighteen, twenty-foiu, and thiity-six months of sup- 
plementation Additional detenninations w'ere made at foi ty -two months, si\ 
months aftei supplementation was discontinued The analyses of vitamins and 
lipids made at the beginning of the expeiiment as well as the lipid analyses at 
the eighteen-month peiiod have been i ejected because of unsatisfactoiy analyti- 
cal methods 

Since the blood simples were tahen from the patients at Steilacoom, Wash , and a 
period of four to six hours necessarilj elapsed before inalj tical work could be started in 
the laboriton at Astoria, Ore, the preparation and Stonge of blood samples vill be de 
scribed bnefli Fifteen to twentj milliliter samples of blood were collected from each 
patient of a group of fifteen to tiientyfiie patients approximately sixteen to eighteen 
hours after the last meal and sixteen to twenty four hours after the last dose of i itamin A 
Coagulation was preiented bi mixing with oxalate in 30 ml centiifuge tubes dried as 
described by Van Bruggen m Ttvo milliliter samples of whole blood weie immediatelj 
added to G ml of 6 per cent trichloracetic acid containing norit After thorough mixing, 
the samples were stored on ice for transport The plasma fron the remaining blood was 
separated and 1 ml was added to 24 ml of alcohol ether (3 1) in a 50 ml glass stoppered 
Cl Under Immediatelv upon arriial at Astoria the trichloracetic acid samples were 
filtered and the filtrates refrigerated for twentv four to forti eight hours until the i ita 
mm 0 analj sos could be made The alcohol ether extracts were filtered upon arm al at 
Astoria and analj sis for cholesterol and phospholipid w as begun immediateij The remain 
mg plasma was kept on ice until the analj tical work for carotene and Mtamms A and E 
had been completed These analj ses were nsuallj finished within forti eight houis 

Since only twentj to twentj fiie blood samples could be assajed at one time, a com 
plete assaj of the two groups required three to four weeks at mteraals of 0, 18, 24, 36, 

•The iltannn A capsule known as Oleum A Is prepared b\ Bioproducts Oregon Ltd 
W arrenton Oregon Analj sis show s this product to contain the follow mg constituents all 
annhses being lepoited as per capsule 

Weight of contents 0 430 Gm free chop sterol 2 8 total cholesteiol 8 4 mg 

phosopholipid 0 65 mg Jitamin B 0 67 mg eitamln V 100 000 lU (equhalent to 33 mg 
of pure Jitamln A) 

fWe gratefulh acknowledge tin assis*ance of Distillation Products Inc Rochester N 1 
in the establishment of carotene and \ itamin A and E methods AVe are especiallj giateful 
to Dr Marj E Quaife of that organization for her piactical help on this problem 
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and 42 months, so that the time periods listed in this paper are gl^en as npproTimateh 
eighteen, twenty four, thirty six and fort^ two months To insure comparable results an 
equal number of patients in each group was sampled at each a ‘jav trip 

METHODS 

Petroleum ether extracts of 4 ml of plasma wore prepared for the determination 
of carotene, \itamm A, and Mtamin E The plasma was well mixed with 4 ml of alcohol 
and then extracted once with 12 ml of purified low boiling petroleum ether Extraction 
was done in a 50 ml glass stoppered cjlinder by shaking for ten minutes in a horizontal 
position in a mechanical shaker at a speed of 160 strokes per minute with an excursion 
of three inches per stroke Rotngeration of the cilinders for one hour insured good 
separation of the layers Pour milliliters of the petroleum ether extract nere used for 
carotene and vitamin A detcnninations and 4 ml for Mtamin E Carotene uas mea'^ured 
at 440 mfi and after the solvent was exaporated at 60 C under nitrogen the Mtamin At 
■was estimated by the Carr Price reaction (that is, the residue was taken up in 0 5 ml 
of dry chloroform, 1 drop of acetic anhadnde was added and 3 5 ml of Carr Price reagent 
Mere added from an all glass apparatus that insured rapid yet accurate (leli\en of an 
anlndrous reagent) ‘Vitamin A a nines were corrected for the blue color contribution of 
the carotene present in the sample 

Vitamin E was determined on the 4 ml aliquot of the petroleum ether extract b\ 
the method of Quaifc and Hams,'® modified onl\ in that smaller \olumes of extract and 
reagents uerc u«ed The interference ot vitamin A and carotinoids was eliminated by 
cutalvtic h\ drogonation ns described b\ Qunifc and Biehler ' 

Standard cur\cs{ for Mtamin A carotene and Mtaimn f wcie prepared and fre 
qucntly checked during the progress of tho a««sav3 

V'holo blood Mtamin C was determined by our semimicro modification of the method 
of Roe and I^ucther i® The final total color volume was 4 milhlitei s 

Free and total cholesterol were determined by tho digitonin method of *'perrv'® 
■nith minor modifications The use of alcoholic solutions of digilonin as suggested bv 
Sobel and Mayerso and the washing of precipitates b\ «!oluiions forcibh ejected from a 
8' ringe and needle made the use of individual stirring rods umiecessnrv 

The hpid phosphorus fraction wa<5 obtained by eiaporalion of the alcohol ether 
filtrate extraction with petroleum ether and precipitation with acetone and magnesium 
chlorides! Final phosphate determinations were made with the reagent described bv 
C omori 2 Tho factor of 26 was used for conveision to lipid phosphorus 

Sfnnv of the various anahses were conducted in duplicate with good agreement 

RESULTS 

Since the data presented below represent the icsiUts of some 1 GOO deter 
Biinations, space does not peimit the tabulation of individual detcnninations 
Table I gives the values of the various assays ± then standard deviation Sig 
nificance of diftcicnces in the supplemented and unsupplemented gioups is 
mdicatod bv "t” vahics 

It IS apparent that although the supplemented patients received daily an 
amoun t of vitanin A at least ten or twentv times that contained in the diet of 

T VM onlo imotrlc ilc’tcriiiInatlon<» were done with n Vlodel 11 CoUm'in ppectrophotonietcr 
u IS po«(slblo to use 4 ml volumes tn the large cuvettes of this Instrument without nffcctinp 
mo scnsltlvltv If the euxette Is raised bv n suitable eat In the cu\ette holder nnl the 
r 0^ ^he holder Is nnskeel to cxcluele the roumicl poitlon of th cuvette and the 
unniled portion of tho cuvette from the path of the Incident llpht 

tTo obtain lenaonnblv table Carr Pilce end points with the ilolel 11 In tninient It Is 
K, ^ reduce the In tnsltv of the Incident llsht to i minimum value os recommended 

D> Cal hv oil ami Parrl h” 

. tPure tocopherol crjKtalllnc carotene (90 per cent 10 per cent) and a tllstllled vitamin 
A '^^q^entrate contaInJnc 01 500 I V per fniiiii n ro ){lnd]> suppllc I bv DJ tJllntlon Proluct 
me. noche tor \ v 
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tliL luisupplcmciitcd pitieuts, tlic bluod lc\el ol Mt iinin V in the suppluntnlid 
pioup IMS less tlnn tluec times tint m the iiiisiipiiloiiicntcd group Tins dit 
Icieiico, liouevei, uss iinintnined tliimighout a pciiod of tlnitj si\ months oL 
supplementation In the si\ month peiiod nhcii supplementation n is nitli 
dranii, the hlood level of vitnmm A oi the supplemented gioup fell to a vilue 
approximating that of the unsnpplemented patients 

Plasma carotene md whole hlood vntunin C seem to he entiieh unaffected 
h\ the supplementation, and the niinoi lluctnations in these two substances 
seen in both gioups, no doubt leflett sensoinl v iintioijs in the dietiij The 
assays at twentv fom and tliiitv six months weie done in the fall and those 
at eighteen and forty two months in the spiing 

The small but statisticallv significant inei cases in the vitamin E level of 
the blood of the supplemented patients have not been leported pievnouslv That 
this increase was due to the supplementation is evidenced bv the abrupt return 
to the control level w hen v itaniin A was withdiawn 

The supplemented patients showed a significant meieasc in blood cholesteiol 
and phospholipid At twenty fom months and tliiitv six months the supple 
mented group was 11 pei cent and 22 pei cent liighei in total cholesterol and 
10 5 pel cent and 12 S per cent higher in phospholipid than the contiol gioup 
Since these ineieasos in cholesteiol oeeiiiied in both fice and total cholesteiol 
fractions, the F/T latio lomained noimal Although the increase in cholesterol 
was statistically significant at twentv fom months the ])hospholipid values did 
not become significantly different until thirty six months The decrease in 
plasma levels of both cholesteiol and phospholipid of the supplemented patients 
after discontinuance of supplementation suggests a specific effect of the supple 
ment upon the level of these lipid constituents 

DISCUSSION 

Cilovei, Goodwin and Jloitoii “ have investigated the relation of plasma vita 
min A levels to those of livei stoics in lats and point out that the blood level of 
vitamin A is piopoitional to the amount of free oi alcohol form picsent m the 
Inci and not to the total liver stores of the vitamin ’ They suggest that the 
flee 01 alcohol fom of the vitamin is the fmietionar foim and that to sup 
plv body tissues with gicatei amounts of vitamin A tlieie must he an incieise 
m blood vitamin A alcohol These workeis found that an incieasc in post 
absorptive free vitamin A in the blood can be obtained onlv by massive dosing 
"Inch hv viitue of the alcohol estei cquilibiium in the livci inei eases the blood 
vitamin A alcohol content Tins fact appeal's to he iclitcd to the pioloiiged 
Pciiod of tieatmcnt necessaiy in ceitain si in diseases which has been re 
ported ' 

V “sparing’ 01 syneigistic ’ action of vitamin I upon vitamin A and 
caiotcnc has been reported bv IIicl man and cowoiKeix ” and Hams and asso 
ciates“ and this subiect has been icviewcd bv Jloore ” That vitamin A has a 
sinnlai effect on vitamin E is suggested bv our data Both these suhstaiiees 
have been shown to have a similai pioteetive effect on unsatmated fatty acids’" 
It IS possible that the increased blood level of vitamiii 1 wath vitamin A sup 
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plemeutatioii may be i elated to an antjo\idati\ e effect of Mtamm A upon, the 
oxidative destiuction of iitannn E oi to deci eased utilization or to both 

Undei the conditions of oiii expeiiinent, theie appeals to lie a cleaily sig- 
nificant inciease in plasma cholesteiol and jihospholipid as a icsult of vitamin A 
supplementation Whethei these incieases aie a direct effect of Mtamin A upon 
the oxidatne, storage, oi tianspoit mechanisms of lipids is unknown Chaliei, 
Jeune, Simon, and Alaeoque^- and Wendt®^ suggested a i elation of vitamin A 
to the thyioid gland Recently Sadhu and Biodi®‘ lepoited that doses of 

30.000 units of iitamin A a dai to rats deci eased tlnioid size and basal metab- 
olism Piom this uoik thev postulate a dneet lelationship betveen vitamin A, 
thyioid, and thyiotiopic hoiUione Such a lelationship might account foi a 
loueied tissue oxidation of metabolites and thus lead to an increase in blood 
levels of lipids It must be kept in mind, hoiveier, that doses of this oidei of 
magnitude aie close to the toxic level foi rats and fai exceed the noiitoxic 
amounts used m oui studj 

Although the cholesteiol and phospholipid levels of the supplemented pa- 
tients weie significantly highei than those of the unsupplemented patients, it 
should be pointed out that the mean values aie within noimal lange The lela- 
tion, moi cover, between the seieial lipids is noimal Peters and Van Shke” 
have chaited ratios foi botli noimal and abnoimal amounts of cholesteiol and 
phospholipid Then lipid phosphoius cholesteiol latio charted against P/T 
cholesteiol latios defines the limits of noimal vaiiations of these lipids Oiu 
figuies, both foi supplemented and uiisupplemented patients, fall ivithm tlieii 
noimal aiea numbei 5 This indicates that the hyperlipemia induced bi 100,000 
units of vitamin A dailj lies within normal limits 

The effect of supplementation foi peiiods gieatei tlian thnty-six months can- 
not yet be stated with any aceiiiaev Pielimiiiaiy tieatment of data obtained 
from patients in the pin ate piactiee of one of us (J V S ) who were taking 

100.000 units of vitamin A daih for 5 to 10 years, indicates plasma vitamin A, 
vitamin E and lipid levels indistinguishable fiom those of patients supplemented 
for thiee years 

As fai as ue Iniow, the 100,000 units of vitamin A in the capsule used in this 
uoik uas the only significant added substance m the dietan intake of the pa- 
tients The cholesteiol and phospholipid and oil content of the capsule was only 
a small increment of the daily intake of these substances and the vitamin E con- 
tent uas appioximatelv 3 per cent of the estimated human daily lequuemeiit 

SUMJIARl 

Thiitv-six unsupplemeuted patients and thiitj-six patients supplemented 
with 100,000 units of vitamin A dailv for thiitj-six months veie studied Blood 
assajs at eighteen, twenty-foui, and thntv-six months and a final assaj^ at forty- 
two months, six montlis aftei supplementation was discontinued, aie lepoited 
1 It w as found that tlie mean plasma vitamin A lei el after thirtj -six months 
of supplementation was 125 pei cent highei than that of the unsupplemented 
patients Six montlis after supplementation was discontinued, the mean lei els, 
although still statistically highei than those of the contiols, had fallen to half of 
their peak values 
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2 No effect upon the caiotenc and \atamin C blood levels was observed 

3 After eighteen, tventv four and thiit} si\ months the vitamin E levels of 
the supplemented patients vv ere 15 4, 22 5, and 25 7 pei cent, respectiv elv, higher 
than control levels 

4 Both free and total plasma cholesteiol levels of the supplemented patients 
were increased at tvventv four and thiitv si\ months to the extent of 13 8 and 
20 8 per cent foi fiee and 11 1 and 22 3 per cent foi total cholesteiol P/T ratios, 
hov\ever, lemained normal Each of the mcieases seen in Vitamin E and choles 
tcrol pioved to be statisticallj significant 

5 Although tlie pliospliolipid levels of the supplemented patients were 10 4 
and 18 5 pel cent higliei than those of the contiols at tvventj four and thirtj si\ 
months, lespcctiveh, onlv the thiitv six month figure proved to be statisticallv 
significant 

6 Assavs made six months aftci high vitamin A supplementation was dis 
continued showed that the previouslv indicated elevations of vitamin E, choles 
ttrol, and phospholipid liad letui-ned to levels not statisticallj diffeient from the 
contiols 
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\ COJrPARATIVE STUDY OP IIICEO AND jMACROELECTROPHORETIC 
ANALA^SIS OP HUMAN AND EAT SERUM 


Philip P Cohfn, M D , and Prances L Thompson, B S 
Madison, Wis 

A DETAILED comparatne stiidj of electiophoietic anahsis of piotem solu 
tions using a mieroeell (2 ml eapacitj) and the standard macrocell (11 ml 
capacity) has not been reported previously Boss, Moore and Miller* published a 
study on human seminal plasma in which a mieroeell was used They stated that 
the mobilities and character of the patterns obtained agreed exactly vnth those 
obseived with the 11 ml cell Comparative data, hmievcr, were not reported 
Since the length of the channel of the mieroeell is only' five ninths that of 
the macrocell, the time of electrophoresis bceomes a limiting factoi when pioteins 
with relatively high mobilities, such as albumin, are being studied Thus, in the 
ease of serum, complete lesolution of the components will be dependent in part 
upon the migration distance of the albumin component in the mieroeell Aside 
from this, there is no theoretic basis for anticipating differences m elcetrophoretie 
analysis with the two cells However, the fact that the two cells aie different 
m design and manipulation would malic a detailed comparative study desiiablc 
The great value of having available a mieroeell for electrophoresis of small 
samples is obvious 

JIETHODS AND PROtPDURES 

Vse of the llvyrocell — 

The mieroeell used in this study is a commerciaIi> available model and has the follon 
ing dimensions eapacity, 2 ml , length of center section 5 cm , cross sectional area 
0 30 centimeter The cell and the microelectrodc tc sels are mounted m n special rack 
adapted for the micro nsgemblj The center section of the mieroeell is moved bv a pair of 
eliding racks and pinions, as ^vith the macroassemblj 

Since the comraerciallj available microcclls arc open on both sides t a few modifications 
of tlie usual teclinique are necessarj In the first place, it is necessary to lower the water 
level of the bath to a point just below the top of the mieroeell Since with the usual Ion 
temperature bath arrangement this will leave a portion of the coobng coil expo ed it i 
uecessarj to lower the coil to a point where it is completely immersed at tho lower water 
level It IS obiious that unless this is done tho coil will ico and freeze the stirrer It is 
desirable when lowering the coil to arrange for a pair of oppositely pitched paddles on the 
Btirrer to aid in circulating ^ater at tho top and bottom of the coil Special masks with slits 
adapted to the microcell dimensions must be used The ma k over the schlieren lens and the 
slit mask used in scanning aro modelled after tlie raacroraasks It was found conienient to 
solder a pair of piano wires across the inner surface of tlic slit ma k toward the top and 
bottom to serve as reference lines 

Prom the Laboiatorj of Ph>slolo^ca1 Chemistrj Unhersltj of "SM constn Medical School 
Supported In part bj a grant from the AM con In Vlumnl Itesearch Foundation 
IlcceUed for publication Oct 10 IW" 

Obtainable from either tho I Ittt Mnnufacturliip Co Nci\ Aork \ or the Pjrocell 
Manufacturing Co Nei\ lork N 1 

, tit Is possible to close oft one Ide of the mieroeell b> the u o of a close fitting luclte plug 
I" rti 1 Into the upper section** In this wn> the mieroeell can be u o 1 In much th sam 
unnnpr us the macrocell If this Is nttempte<l the el ctrod \ s 1 on the cli cd si le mu t of 
oury 1 nt( ) ^vlth n three nn% tnpeoek etc 

7 ^ 
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The microcell is set up in essentially tlie same manner as is the larger cell 2 The 
electrode vessels are attached and filled mth paihcular caie to remove entrapped air bub*li]es 
from the small side arms The cell carrier is placed in the thermostat, saturated salt solution 
IS added to surround the electrodes, and the whole system 13 allowed to equilibrate Before 
aligning the cell, it has been found necessary to reraoic the evcess buffer from the bridge 
between the two channels of the top section This is most leadil^ effected by blotting with a 
piece of filter paper Because of differences in the specific gravity of the protein and the 
buffer solutions on tlie two sides of the cell, it is advisable to equalize the hydrostatic pressure 
on the two sides b} removing a small amount of buffer fiom the top section of the protein side 
before aligning the cell Tins sei\es to pre\ent a rapid shift in the position of the boundaries 
once they are formed As a comenient method for bringing the boundaries into mow, one 
end of a piece of fine glass capillar} is attached by means of rubber tubing to the compensat 
ing sjrmge and the drawn out end is inserted directly into the top section of the cell on the 
ascending (anode) side The compensator gears are then leversed, whereupon a slow and 
regular withdrawal of fluid takes place 

Once the boundaries are in new, the starting position and base line pictures can be 
taken Electrophoresis is then cained out in the usual manner except that the voltage is 
reduced so as to maintain appioximateB the same potential giadient of 5 to G volts per 
centimeter Because of the smaller cro^^s sectional area of the microcell, a current of S Ma 
was maintained throughout the run, rathei than tlie 15 Ma used with the macrocell Under 
these conditions the electiophoiesis time for seium is limited to about ninety minutes because 
of the short lengtli of the center channel of the nucroeell 

In all instances serum samples weie diluted with two parts of buffer before diahsis 


RESULTS 

In Table I aie listed ^ allies obtained Mith ten diffeient pathologic human 
seia using both the micio- and maciocell As can be seen, the coii elation co 


Table I Compafisox of Macfo axi> MirroELErTROPiiOKExic Analysis of Pathologic 

Human Sefum 







PER CENT 

COMPOSITION 





ALBl MIN 

1 ALPH\- 

-1 1 

1 ALPHA- 

-2 

1 

BETA 

1 GAMMA 

NO 

M\cPO 1 Micro 

1 MACrO 1 MICIO 1 

1 M\CIO 1 Micro 1 

Micro 1 Micro 

MACRO 1 

Micro 

1 

29 4 

314 

14 4 

12 0 

15 2 

12 9 

15 6 

23 S 

25 4 

19 3 

0 

26 4 

30 2 

s 0 

S5 

10 4 

17 7 

24 0 

23 8 

23 7 

19 8 

0 

1 

46 1 

49 0 

12 5 

10 5 

10 2 

14 3 

14 5 

15 9 

10 7 

10 3 

4 

4 

30 4 

:5 0 

17 5 

19 2 

17 5 

IS 0 

22 9 

15 5 

118 

5 

40 3 

45 3 

9 7 

70 

19 7 

19 0 

17 9 

108 

12 4 

10 4 

0 

44 4 

46 S 

13 1 

132 

12 3 

12 4 

17 4 

17 7 

12 S 

0 9 

7 

ol 4 

40 0 

0 s 

0 9 

100 

10 2 

10 1 

17 8 

12 7 

12 2 

s 

23 3 

24 S 

11 3 

11 j 

13 4 

10 0 

20 1 

22 0 

31 0 

30 2 

n 

42 7 

42 7 

S 7 

s r, 

124 

12 7 

10 t) 

20 5 

10 3 

15 5 

10 

o2 4 

51 4 

OS 

02 

OS 

0 1 

20 0 

23 3 

10 4 

10 0 

Jlein 

SSS 

40 2 

31 0 

10 0 

14 5 

13 7 

IS 5 

20 5 

17 2 

34 0 

SD 

9 S 

94 

2 7 

31 

3 30 

3 33 

2 79 

2 04 

0 0 

02 

T 

+0 OS 

7 

+0 S50 

■40 920 

+0 575 

-fO 075 

p 

<01 


<01 


<01 


< 05 


<01 



Dmgno'ii‘=5 of cases as fo’lows l nonlipoUl hIstloc^ tosis (Leltei er SIwe s disease) 2 
c irclnoma of esophagus with nictastases 3 igianuJoc^ tosis with terminal lobai pneumonia 
4 } ngiomatcu^ mesothelioma of pehis “i loc ilized Hodgkins disease with infiltration of lungs 
G arter osclerosis generdized 7 m^elogenous Icucemla S In pei nephroma with metastascs 
9 h\pertensi\e and artf^rlosclerotic heait d seise w th multiple pulmonar\ emboli 10 broncho 
pneumonia Electrophoretic anahses of cases 1 to 9 ha^e been picMouslj reported^ 

r= Corielation coefficient = -7^^ wlieie — A ^ 

N (j\ a^ = 3 - \ 

a X = Standard doMatlon (SD ) \ =: -i / X 3^ 


N 

p =r P^obab^Ilt^ of chance \ariation obtained b\ use of r \alues and a table of probabill 
ties p A alue of <05 indicates the piobabiliU of chance \aiiation of less than 5 in 100 p 
Nalue of < 01 indicates chance \ariation of less than 1 in 100 
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cfTicients a\e high in all instances except m the case of the beta globulin \ allies 
Tile knoini difficulty of icciiratelj defining and measuiing the beta globulin 
area on the descending side in all probability accounts foi the less satisfactoiy 
hut still significant con elation of these \ allies 

In Tabic II aie listed tiio sets of yalucs taken fioin tlie same indiyidual The 
niaciodetennmations lepiesent tliiee diffeicnt samples taken iiithm a period of 
one month, the microdeteminations lepiesent triplicate deteiminations on a 
single sample taken fiom the same indiyidual one yeai later It is appaient 
that the lange of vaiiation yvithin the tiio sets of deteianinations is of the same 
order in both the macro and the mieroinns 


Table II CpupvrisoN of Macro \nd MicroELEcrropHORETic \n\l\sis of 
Nopmal Human Serum 


1 PEI CLKT COMI OSmOV 

so 1 

ALBUMIN 1 

ALPHA- 

-1 1 

AI PllA-2 

1 BETA 1 

GAMMA 

Macro 

1 

01 2 

50 


8 1 

13 8 

119 


GO 2 

G2 


82 


13 2 

3 

Cl 0 

5G 


76 

12 4 

134 

AvemRe 

GO 8 

50 


80 

1a. 8 

12 8 

Micro 

4 

Gy/ 7 

■jMEHl 


70 

12 5 

10 8 

5 

03 8 

46 


77 

12 0 

11 9 

C 

G3 0 



78 

11 3 

12 3 

Aver'ige 

04 4 

45 


75 

11 9 

11 7 


In Table III the pei cent composition of normal i at sei um using the micro 
and niacroccll is shoyyn The mean y allies and standard deiiations of the tyvo 
sets of data aie of the same oidei of magnitude While these data do not 
represent duplicate deteiminations one micio and the other macro on the same 


Table III COMPAnisos of ylAcno and MiciiOELCCTroriiorETic Avalssis of 
Nopmal Rat Scrum 


i 


rrr cent 

COMPOSITION 



NO 1 

ALBU5IIN 1 

\LPm-l 1 

\LPn\-2 1 

BET\ 1 

OVilMV 

Micro 

1 

50 0 

18 0 

ns 

12 1 

G 1 

2 

514 

ISO 

104 

IG 2 

40 


49 S 

1G4 

11 1 

17 G 

5 1 

4 

o2 8 

177 

89 

17 0 

30 

> 

50 4 

20 7 

94 

13 0 

j 9 


49 3 

21 1 

102 

15 5 

3 S 

'lean 

uO 0 

ISO 

10 G 

15 4 

4 8 

SI) 

1 Oo 

1 CS 

1 4o 

1 92 

1 00 


Macro 


1 

4b4 

19 1 

IJO 

140 

5 ./ 


40 9 

20 5 

10 8 

17 3 

4 ') 

3 

j3 4 

10 5 

97 

15 2 

o 2 

4 

oO 5 

107 

11 0 

15 9 

59 

] 


](>4 

10 4 

184 

4 2 

G 

494 

1/ 7 

7 2 

18 3 

74 


ol 7 

1 j9 

7 3 

17 5 

70 

Moan 


17 5 

9 9 

IGG 

5 7 

^I) 

1 54 

1 50 

1 93 

154 

1 22 
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seiiim, thev indicate that in a seiies oi dcleiniinations using noinial lat serum 
the peicentage compositions Mill lie coiiipaiahle whethei detennined ivith the 
inicio- 01 the maeiocell 

A compaiison of mobility ^ allies obtained i\ith the micio- and maeiocell 
iMth lat and human serum is slioini in Table IV While the mean values are in 
leasonably close agieement, it is of intciest that the standard deviations in 
the case of the lat serum maciodeterminations aie consider ably higher than those 
for the miciodeteiminations In all probability a largei senes of samples would 
not shoiv this 


/Ilk 



descend ng ascending 


Fig 1 — Comparison of macro- and mlcroelectrophoretlc patterns of normal human serum 
Electrophoresis time macro 150 minutes micro 00 minutes Protein concentration 2 Gm per 
100 milliliters Relative dimensions of patterns are maintained 


In Fig 1 tiacings of a macio- and a niicioelectiophoietic pattern of noimal 
human serum fiom the same individual aie lepioduced It is appaient that 
lesolution after 90 minutes with the miciocell compares favoiably ivith that of 
the macroeell, inn for 150 minutes 
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T\BLE IV COMr\PISON OF MOBJLIT\ "N \IUES ObTMNED V ITH MaCTO ^^D MlCFOCELLS 



1 _ .. 


itoan iTiEs X 10* (CM PFr 

\OIT SECOND) 




1 ALBUltIN 

1 VLPII \-l 1 

\i rii \-2 

BETV 

QAMMV 


1 MFAN 

1 S 1) 

1 MEAN 1 

S 1) 1 

MEAN 1 S D 

ME\N 

1 S D 1 

1 ME\N 

1 S D 

Huniun 

nncro 

07 

0 as 

5 G 

0 27 

4 7 0 22 

32 

0 25 

13 

0 20 

macro 

07 

0 33 

57 

0 32 

4 5 0 30 

32 

0 30 

14 

0 32 

Kat 

micro 

01 

017 

54 

012 

4 5 0 20 

2 0 

0 11 

1 7 

0 15 

macro 

0 1 

0 32 

54 

0 37 

4 3 0 35 

20 

0 2o 

1 7 

0 31 


111 Fi" 2 tiaciJi"s of a inaeio and i micioelcctioplioictic pattein ot 
diffcient noimal lat sera aie shoMn It is to tic noted that ^^hltc lat stium docs 
not shon the icad^ icsolutiou seen nitli human scrum the micio and macio 
patterns aic quite comparahle 



Blfir —Comparison of macro an»l mlcroclectrophorcUc patterns of normal rat erum 
Hwtrophorosls time macro ISO minutes micro fM) minutes Protein concentration 2 Gm per 
100 milUlitcrs Relathc dimensions of patteins are maintained 


DISCUSSION 

Tile comparatue data foi micio uid macioclcctiophoietic anahscs of scinm 
piotcms lepoitcd hcic indicate that the tallies obtained hi the two methods ai‘e 
lu close aj?i cement In instances in which one is dcilinjf with samples of scium 
ot small \ olumc the pi ac tical impoi t im c of the mici occll is appai cut How c\ ei 
It IS important to emphasize that a scuts of compaiatiie dctciminntions of the 
t'vpe lepoited hoic mai he icquiied in am stiuh m -which the two cells aie to he 
'i5cd puticularh when quantitatne difteiemts of small nujinitudc aic antic 
ipntcd It should also be pointed out tint pioKin mi\tiucs othci than seium 
liaio not been c\teiisnch studied and theiefoic pielimiiian imestipntioii of 
completeness of lesolution of the conipontnt proteins must ho ost ihlishcd he 
foieliancl 
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SUMMARY 

1 Electiophoietic patterns of noimal and pathologic human seium and 
noimal lat seium have been compared using a mieio- and a macioeleetioplioiesis 
cell The mobilities and pei cent composition of the components aie m close 
agi cement by the two methods 

2 Some technical aspects of the use of the micioceli aie presented and 
discussed 
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STERNAL MARROAV HEMOSIDERIN 
A Method ior the Determination of A^A^ hji e Iron Stores in Mvn 

CmRLFS E Rath, MD,* and Ciement A Finch, ]\[Dt 
Boston jM\ss 

A RNOWLLDGL of the a\ailable non stous is iiseiul in tlie management 
of anemia The e\treme manifestations of non lack such as koilon\chia 
glossitis, dysphagia, and miciocjtic Inpochiomic led cells are the lesult of a 
long existing deficiency lion excess is e\en moie difficult to lecognize than 
its lack, except in cases of hemoehiomatosis oi sc\eie hemosiderosis wheie there 
are pigmented deposits in the skin oi in the uiinaiy sediment The majority 
of clmical pioblcms in non metabolism he between these extremes, and in this 
group the examination of sternal mairo\\ has pioicd to be a comcment and 
reliable index of non deficiency oi non excess 

MVTEBIVI \ND METHODS 

One or more sternul pnmturee ^\erc perfonneil on llire< This 

group included cle\cn normal subjects, sixtecu jiotients uitU iron tlcficleut^ anemia eleven 
ivitli pernicious anemia, siv i\itli uremia five uitli ubmule or chrome infection five vitli 
cirrhosis of the liver, three uith lupus erNtlicimilo u^, tno \Mth lioinoc-hrountosis, and four 
with hemosiderosis Bccondiiry to multiple trnnnfu ioii<i Onij clear cut examples were 
selected for this report in which there was a careful liistor\ relcc int to blood lo«s and iron 
intahe by mouth or pareiiteialh Intients with iron defiticncc anemia howed tvpieal 
microcytosis and hypochromia which were associated with a low scrum iron m tho e patients 
in whom the serum iron was determined The diagno i of ]ierni(ious anemia wi eon 
finned by the charactcnstic cell indices and blood cytologic changes megaloblastic sternal 
marrow, and a satisfactory reticulocyte respon o to mtramu ciilar liver Tlioso witli uremia 
presented the clinical picture of se\ere renal damage with a blood urea nitrogen m the 
neighborhood of 100 mg per cent Patients in the infectmus group lial a daily oral tempera 
turo of 100 F and nboco for more than two weeks \11 tho patients with cirrhosis had 
ohnous impairment of function tests and other stigma of chronic Iner disease Both pi 
ticnts witli hemochromatosig prc'scntod the ta picul licpatic lesions of that diseisc ba biopsa 
and liaxl a high serum iron a\i(!i coniplofo saturation of the iron bulling protein char 
actenstic of hemochromatosis i The four patients with extensue hemosiderosis had h ul 
twenta eight oleaon fifta and forty nine trunefusions respcctivela 

Sternal punctures aacro performed t After preliminary novocain infiltration i 2*/ cm 
ho 14 needle avith a short bevel is introduced into the sternal marrow cavity m tho midhnc 
at the level of the second interspace The stylet is then withdrawn and 4 c.c of marrow 
and blood are draavn into a 20 c c syringe containing C cc of 4 per cent sodium citrate 
This mivture is then ejected into a large watch glass and coaer slip films are made from 
niarroav fragments picked up aaitli a capillary pipette 

The e prcpirations arc examine] micro copicnlly both unstained and after staining 
"itli hydrochloric acid and ferrocaanide (Berlin blue stain) 5 In the unstained preparn 
tions the liemosiderin appears as golden aelloaa granules under reduced illumination In 
the fitnined preparation the granules lake a blue stain Not infrcqucntU tructurcs other 
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5The stain was propaicd as follows 4 Gm of potn lum ferrocvanld wtre dlluteil to 
c c with water Concentrated hydrochloric add was added until a white precipitate fonnod 
iiil^ wnj nitenxl and tho smears covered with the flltrate for thirty minute 


SI 



tinn liemosidenn ^\Ill stun, usualh in pioportion to the amount of iron ^irosent These 
artifacts can be recognized uitli experience and bj compaiing the two tjpes of preparation 
In non deficienci, pile ■\ellow gianulea which do not take non stain aie sometimes seen These 
niaj be analogous to the piotein granules of liemosidenn lemaining aftei renioial of non 
bj extraction with 10 pei cent hjdiochloiic acid 2 ihe palejellow color is probabh due 
to adsorbed bilirubin The siiieais wcie graded iccoidiiig to the amount of non piesent 

0 None -1 Moderately lieaic 

1 Ven slight 3 Heave 

2 Slight 6 Verj heiej 

j Model ate 


RESUI rs 

In Fig 1, examples of these maiiow piepaiations aie clemonstiated Each 
maiiow was giadecl independenth bv each of ns and theie tvas close agi cement 
in most of the mateiial examined The independent latings laiely vaiied 
inoie than one giade in eithei diicetion 

In the noimal gioup the maiiow non was giaded as 1 01 2 in eveiy case 
except one which lecened a made of 3 (Table I) All of the patients with 
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Pig 1 — sternal marrow prepaiations 
black granules / Grade 0 patient with 
S Grade 3 patient w ith pernicious anemia 
G patient with multiple transfusions 


in which the hemosiderin deposits aie illustrated as 
‘•eieie iron deficiency - Grade 2 normal simject 
} Grade 4 patient with chronic infection 5 Grade 



Tvble I Norm\l Subject? 


SUBJECT 

SE\ 

\0E 1 

UB 

(GM ) 1 

(cu g)| 

MCHt 

1 Yy 


DIAGNOSIS 

STEFNAL 

MATROW 

irox 

W M 

11 

25 

15 0 

SO 

11 

35 

l.oriinl 

2 

C 0 

11 

24 

15 8 

88 

30 

33 

Normal 

1 

C F 

SI 

32 

16 0 

82 

28 

34 

Normal 

1 

A M 

ir 

29 

17 5 

01 


39 

Nomnl 

2 

P McD 

i[ 

21 

13 8 




Acute plmrtTigiti 

2 

G T 

M 

4S 

19 2 




Obesitj 

3 

J F 

SI 

30 

15 0 




Gholclithnsi^ 

2 

F 

F 

44 

14 7 




Dermatitis 

2 

E II 

F 

5b 

15 




Parkinsonism 

1 

J M 

M 

G1 

16 0 




HaTiertensire cardiot ascular 

2 








disease 


U S 

11 

62 

16 4 




Generalized arteno clero i 

2 


cerebnl nrterio<«clero i 


"Mean corpuscular \ olume 
tMean corpuscular hemoglobin 
tJI an corpu cular hemoglobin concentration 


Table II Iron Ueficiencv Anemiv 


SUBJECT 

ACF i 

1 SEX 

no 
(osi ) 

I MCV* 

1 (ou g)| 

MCHt 

1 (>/) 1 

MCIICt 1 
1 (%) 

SOirtE OF BIOOD 

TOSS 1 

STEFN \I 

M \rj OU 

irON 

J C 

oO 

F 

5 

54 

14 

2o 

? 

0 

R C 

28 

F 

12 5 




Thromboca topenic 

0 








purpuri ovith men 









orrliagm 


T B 

OS 

F 

79 

OS 

19 

28 

Carcinoma of (olon 

n 1$ 

T D 

47 

It 

7 9 

03 

16 

26 


0 

11 n 

77 

F 

68 

63 

17 

26 

Idilnrlitdna 

0 

N F 

14 

F 

96 

75 

2^ 

ol 

7 

0 1$ 

1 C 

18 

F 

13 4 

71 

22 

31 0 


0 1$ 

A 1 

3 

F 

5 0 

Co 

IS 

2< 

; 

0 li 

T M 

40 

M 

85 

08 

29 

oO 

\tutc bleeding ulcer 

0 

R N 

0 

It 

82 

88 

30 

> 

kente bleeding ulcer 

0 1$ 

11 11 

3j 

F 

00 




Iliopatbic tbromboot 

0 








topenm 


E T 

ob 

M 

10 1 

82 

23 

.0 

Ga trointestinal 

1? 








bleeding 


ir B 

lu 

F 

10 0 




Idiopathic thromboej 

0 1$ 








topenic purpura 


T S 

7" 

It 

0 7 




Hiatus hernia 

0 

E lIcL 

02 

F 

7 S 

71 

18 

2'y 


0 

\ B 

07 

F 

55 

fiO 

14 

24 


n 


Mean corpuscular -s olume 
tMcan corpusculir hemoglobin 
tMoan corpuscular hemoglobin concentration 

SThosc w*th sternal niarroa\ Iron grade 1 shoa%el jmle jellou granules nhlch staincl little 
or not at all v.lth the Iron stain 


TaBIF III PtKMCIOIS VSLMn 



tMcnn corpusculir hemoglobin 

tMonn corpu culnr hemoglobin c luenli itlon 
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Tabi E IV UrFMIA 


SUBJECT 

AGE 

SEX 

HB 

(GSI) 

MOV* 

(cum) 

MOHt 

(yy) 

MOHCt 

(%) 

DEGREE OF 
UREMIA 

STERNAL 

MAFROW 

IRON 

B E 

46 

F 

7 6 

90 

27 

31 

BUN|| 113} 

0 1 

B A 

67 

F 

47 




BUN ilO 

0 1 

Z A 

56 

p 

11 0 

72 

26 

36 

BUN 50 

0 

B B 

30 

M 

11 0 




BUN 103 

4rf 

A M 

79 

M 

85 




BUN 90 

3 

G G 

49 

M 

65 

82 

20 

32 

BUN 190 

2+ 


♦Mean corpuscular \olume 

tilean corpuscular hemoglobin 

JMcan corpuscular hemoglobin concentration 

SRecurrent epistaxis 

IIBlood urea nitrogen 


T\BIE V CiPRHOSIS 




1 






STERNAL 




HB 

MCV* 

MCHt 

MCHC} 


MARROW 

SUBJECT 

AGE 

SES 

(CM ) 

(cum) 

(yy) 


BLOOD LOSS 

IFON 

H F 

64 

M 

10 5 

109 

34 

31 

None known 

4 

G McG 

62 

F 

74 

109 

36 

32 

None known 

4 

A W 

51 

P 

75 

102 

29 

30 

GuTiac 

0 1 








positive 

stools 


D M 

04 

M 

12 0 




None known 

O 

o 

J W 

09 

M 

10 7 

124 

41 

33 

None known 

1 2 

♦Mean corpuscular volume 







tMean corpuscular hemoglobin 






tMean corpuscular hemoglobin concentration 








Tabie VI Infection 












STEPNAL 



1 SFX 

UB 

MCV* 

MCHt 

MCIICt 


MARROW 

SUBJECT 

\GF 


! (GM ) 

(cum) 

(yy) 1 

(%) 

DIAGNOSIS 

IRON 

N D’Q 

25 

F 

97 

85 

29 

36 

SBE} SIN 
months 

3 4+ 

J I 

60 

F 

94 

97 

33 

32 

Chronic pul 

4+ 








moiiTry 
disease, five 









jears 


C J 

05 

U 

11 0 

92 

29 

31 

Severe pneu 

5 








mococcal 

pneumonia 


S D 

42 

H 

13 

87 

28 

33 

SBE three 

3+ 







months 


H S 

54 

F 

9 5 

79 

25 

32 

PUO|| two 
months 

3+ 


♦Mean corpuscular ^ olume 

tMean corpuscular hemoglobin 

JMean corpuscular hemoglobin concentration 

^Bacterial endocarditis 

II Fever 


Table VII Disseminated Llius Ep\thematosus 


SUBJECT 

AGE 

SFX 


■BgaB 

VICHt 

(77) 

MCHCt 

(%) 

STEPNAL MARFOW 
IFON 

N McG 

39 

p 

83 

92 

27 

30 

4+-5- 

D S 

39 

p 

59 

92 

29 

32 

5 

E E 

19 

F 

97 




5 


♦Mean corpuscular volume 

♦Mean corpuscular hemoglobin 

^Mean corpuscular hemoglobin concentration 
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iron deficiency anemia slioiied a maiiow non o£ 0 oi 1 (Table II) Of the 
eleieii patients \Mtli peinicious anemia onlj one shoncd a muron iron ol 
less than 3, and fiie of the ele\en shoned a mairow non of 4 or more (Table 
III) In the patients studied, the Rianules piaseiitcd a soineuhat charactenstie 
appeaiance in that they yyeie small, niimeious and of iinifoiin size (Pig 1 3) 
In tlie patients yyith iiiemia the stemal mairoyy non langcd fiom 0 to 4 plus 
(Table IV) The cinhotie patients slioyycd a noimat oi ineieased non in three 
of fiye patients (Table V) Piyc patients yntli infection slioyyed an inciease in 
the maiioyy non (Table VI) Tliiee patients yvitli lupus eiy thematosus shoued 
a heavy marroyv iron deposition (Table VII) The lieayicst non deposition, 
grades 5 and 6, yyas seen in the patients yyitli liciiioehiomatosis and liemosideiosis 
(T ibles VIII and IX) 


Tablf \ III IlFyiocnioMyTosis 


SUBJECT 1 

1 

AGE 1 

SE\ 1 

IIB j 

(CM ) 1 

MCV* 

(CD A*) 1 

MCllt 

(TV) 

MCIIC 
(%) 1 

STERNAL 

MVRFOW 

iroN 

E M 

58 

M 

15 2 

96 

31 

T’ 


M B 

02 

if 

11 8 

94 

^3 

o 

5f 


Mean corpuscular volume 
tilcan corpuscular hemoglobin 
tMean con uscular hemoglobin concentration 


Table IX Hdmosipetosis 


suBjr/rr 


SEZ 




1 1 

Mcnc} 
(%) 1 

NUMBER 

OF 

TRANSFD 

510NS 

STEPNAL 

MAPPOW 

IRON 

V A 

50 

M 


93 


29 

2S 

o 

11 K 

66 

M 

76 

115 

38 

33 

11 


J <3 

55 

M 

64 

100 

34 

34 

50 

5 

P ^[ 

23 

r 

5 

101 

32 

32 

3 (nt onset 
of anc 
mm) 

if 


20 

r 

10 0 

91 

29 

o2 

49 (IS 
montlia 

Of 


Inter) 

Me in corpuscular volume 
tMean corpuscular hemoglobin 
JMofin corpuscular iiemoglobiu concentration 


COMMENT 

Storage non in man exists ts fcriitm and licmosiderin The precise relation 
ship between them is not cleii It ■would appeal howe\er tint feintin rep 
resents a labile or nctue foim of non storage and that hcmosideiin is a less 
ncti\e form of iron stoiagc picsent oiil\ when theic are adequate fcnitin 
stores^ Tlic studies of Bogiinid and Whipple lia\e dcmonstiatcd that liemo 
sidciin IS mobilized for hemoglobin production when needed h} the bodv * 
Of these two foiins of non storage hemosidcim is the onl\ one morphologicalh 
identifiable Those \ellow or biowaiisli vcllow gnnulcs aie found thiou^Iiout the 
roticiilocndothelnl svstem and nnciophages of the bod^ The steionl mairow 
proMdos a rendih accessible poition of the loticiiloendothelinl system for lnops^ 
In this group of jiaticnts the sternal non has been consistent with the 
alterition of iron stoia^c characteristic of these diseases In infection there was 
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an increase in hemosideiin above the amount iioimally seen The progressive 
heniosideiosis in this condition appeal’s to be due to an inci eased affinit’s of the 
tissues foi non In peinieious anemia theie is likewise an increase in tissue 
lion due in pait at least to stoiage of led cell non in the tissues In hemo 
clnomatosis, sternal non is incieased as aie othei non stoies tlnoughout the 
bodi klultiple tiansfusions provide e\en lieariei deposits of non since the 
non piovided bi the donated led cells is not e\cieted in appreciable amounts 
fiom the bod^ ' Patients with cirrhosis and iiephiitis have ^allable non stoies 
due to the laiiable bleeding in these diseases lion defieienci, in contiast to 
the iioimal eontiols and the other diseases deseiibed, sliovs an absence of non 
staining gianulas In this group of patients subsequent non theiapv was 
effective in allcMating the anemia 

It IS to be expected that the balance of blood loss and non absoiiition ovei 
a peiiod of -^eais vill ^al*^ consideiabh fiom person to person, although this 
IS remaikablj’ veil regulated In the absoiptne mechanism® Hoveiei, ceitain 
conditions will modlf^ the stoies to an extent vhich o\eishadovs these noi-mal 
^allatlons That a cleai-cut differentiation of tlie anemia of infection fiom 
that of non deficiency usuallv may be made is eyident fiom tomiraring Table 
II and VI Hemochiomatosis also mai be excluded in patients yyith cirrhosis 
if the maiioyv non is not incieased (Tables V and VIII) 

A number of patients leteiied to us yyith mild anemias lepnted to be iron 
lefiaetoi’y^ veie shoyyn by maiioyy punetuie to haye adequate oi incieased non 
stoies Those anemias yyeie felt to be due to othei causes, that is, obscure 
infection or damaged bone raaiioyy In our expeiienee, only patients yvith 
absent maiioyy non vill be lienefited bv non theiajiy 

SLUM \R\ 

A method of estimating tissue non stoies by sternal punetuie has been 
deseiibed 

A gioup of sixty -tlnee patients haye been studied and the hemosideiin 
content of the maiioyy y\as found to parallel tlie anticipated non stoiage in 
tlicse diseases 

The piesence oi absence of non in the maiioyy may be legarded as an 
index of the need foi non therapy in anemia 
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OCCURRENCE OP TOXOPLASMA NEUTRALIZING ANTIBODIES 
IN VARIOUS DISEASE CONDITIONS 


Is \ VC Ruchm vn, Ph D 
CI'ICI^^ m Ohio 

T he toxoplasma iieutialization test Ins been used extensueh ns an aid in the 
diagnosis and recognition of nonfatnl and inappnrent infection m nnn With 
this procedure oi tlic unequitoenl deinonstiation of paiasitcs in tissues eithei b\ 
animal inoculation oi by histologic methods it Ins been found tint toxoplasmic 
infection cm be lesponsible for mam conditions such as ( 1 ) congenital en 
ccplnloim elitib, 11111011 becomes manifest citbei in ntcio 01 shoitli aftci biith 
( 2 ) acute encephalitis in children, ( 3 ) infeelion in adults lesembling Rocki 
Mountain spotted fovei , and ( 4 ) nild 01 mappaient infection An iniestiga 
tion of the oeeiuienee of toxoplasma iienti iliring antibodies in the blood of 
ceitani selected indiiidmls is the basis of this repoit 

The method foi porfoimmg the ncntialization test his been lepoitcd in 
detail bj Sabin' and consists of the follow iiig piocedme with niinoi iiiodifica 
tions A freslilj piepaied 10 pei cent toxoplasiin infected mouse biain snspcii 
Sion in saliiit is allowed to sediment spontaneonsh foi one half honi TJic siipei 
lutant fluid is diawii oft and fuitbci dilutions of 1 lO 1 'lOO and 1 5 000 aie 
made Equal volumes of these dilutions (015 ec) au added to undiluted 
seiatni (01 Tviodo’s solution foi the contiols) giving final dilutions of 1 20 
1 100 , 1 1 000 , and 1 10,000 The mixtiiies aie incubated at 100m tcinpoiatuie 
foi appioximatelv one half lioui at which time 02 ec amounts aie injected 111 
tiaoutaneouslv on the bach of a labbit Tbc lesions which develop aie measuied 
at the end of seven davs Tlie nibibition of shin lesions bj the test seia aie 
compaied with contiol lesions and the degiee of ncntialization deteimined I'lu 
eiiteiia foi iiitei pi elation of lesults aic those advanced bv Sabin ' 

Seiaim specimens weie kept as ficsli as possililo and eithei used imiiiediatelv 
01 stoied 111 drv ice until needed Tlicv weie obtained fiom individuals who 
along with othei si„ns piesentcd one 01 moie of the following manifestations 
hvdioeephalus 01 iiiiciocephalv ccicbial calcification choiioietmitis 01 othci 
eve changes, and involvement of tbc cential iieivoiis svstem Membeis of the 
ninnedutc f iiuilies were also examined foi the pieseiico of antibodies vihcievci 
uidicated Tests v\cic also poifoiincd on patients with diseases of unknown 
etiolo„\ in oidei to deteiaiiine a possible lelationshii) to toxoplasmosis Individ 
uals suspected of having a coiigcnitallv acquiicd illness weie also tested 

The lesults of the iiinetv tests pcitoinied with the seia fiom seventv two 
individuals iie listed 111 the following t iblcs Repoitid 111 Table I me positivi 
lesults on seven patients, one iiionth to five veal's of age, who piestiited cvideiRc 

, Iroin tliE Clilltlr nn TIo j Itnl K nreh l-MmlitJon uni t»K Dtpaitm nt tf IJicl He] 

I ni\ rsltj of t Inclnnati Collosp of "Me Heine 

T t 1 erfornied between S ptember 1911 nnl Octol er I'^IC 
Ucct.l\C(l for pul Ucjitlon Sei t 0 194*" 
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of having aeqnned the infection in uteio, since the> weie eithei sick at huth oi 
became sick slioitlj aftei birth Six of the patients in this gioup had eeiebrai 
calcification, five had chorioretinitis oi othei signs of ej^e involvement, thiee 
had livdioceplialus, one had micioeephalj , and six manifested commlsions or 
otliei signs of eential neivoiis sjsteni involvement Additional findnigs weie a 
lash in tivo patients and splenomegaly m one patient It is now appaient that 
ceiebial calcification and ceiitial choiioretimtis aie the inipoitant signs of con- 
genital toxoplasmosis One oi the otliei oi both weie piesent in six of the pa- 
tients The seventh sliowed only mieiocephaly and mental letaidation In 
each instance tests of the mothers’ seia showed toxoplasma nentializmg anti- 
bodies, fuithei pi oof of the congenital inception of the disease The fatlier and 
an oldei sibling of one of the patients also de\ eloped antibodies It is note- 
woithy that the seinm tioiii patient Bla whicli vas positive at the age of one 
jmai, still shoved the piesence of antibodies vhen tested moie than five yeais 


Table I Patients Whose Seba Niuiraii/ed ToM)nAb\t\ 






RESULTS Oi 
NEUTRAXIZA 
TION TESTS 
WITH SERA 




1 

FROM IMUEDl 

INCEPTION 

r MIENT 

AQE 

CHIEF FINDINGS 

ATE FAMILl* 


Gn t 

1 mo 

Cerebral calufication, hjdroceplialus, cliorio 

[M] [P] [S] @ 




retinitis, convulsions, rasli 


Cle 

1 mo 

Cerebral calcification, convulsions, liead roll 

[M] 



1 

ing, apnea, \antliocliromia 


Scu 


Slicrocephah, mental retaidation 

[M] 

Cougcmtil 

Gro 

6 mo j 

Cerebral calcification, rash, splenomegah 
retrolental fibroplasia 

[M] 

Kim 

2ir ! 

Cerebral calcification, lijdrocephalus, thono 





retinitis, e 3 es of ditlerent size 


Kuh t 

1 

Cerebral calcification, chorioretinitis, con 

[M] 

1 



vulsions mental retardation 


Bh ? 

5 IT , 

Proved case, 5 jears later cerebral ealci 
fication, lijdrocephalus, chorioretinitis 

[M] 

Probably 

congenital 

Kre 


Chorioretinitis, psjchomotor disturbances 

— 


Ljk 

9}r 

Encephalitis last su, weeks, questionable 




br im tumor 


Acquired 

Jaq 

32 JT 

Mental disturbance (psjchoneurotic) 

-- 

Par 

C2 ir 

Encephalitis and mental disturb nice foi 






one week j 



*[ 3 Neutralized O did not neutralize AI mother F fatlici S 'jibling — not 
a'Aiiablc 


tPro\ed fatal case 
JCase repoited bj Miller* 

SCase repoi ted bj Sabin ‘ 

latei Inoculation of spinal fluid and blood fiom two of the patients (Kam 
and Lyk ) into mice was without effect Howevex, toxoplasma weie leadib 
lecovered from animals inoculated w'ltli ground suspensions of tissues obtained 
fiom patient Gn at autopsi Positive tests on the sera of foui otliei patients 
(7 to 62 'leais of age) aie also lepoited in Table I In these patients the onset 
of the lUness could not be detei mined with ceitainty Patient Kie , 7 years of 
age, showed unilateral ehoiioietinitis (t-^Tie not deteimined) and psychomotoi 
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disturbances The mothei as not a\ ailable foi testing Patient Lj k , 9 j eai*s 
of age \\hose senim ^\as positne, had had encephalitis foi the pieMOiis si\ 
^ccks A retest se\enl months latei was again positi\e ^^hlle the mothei s 
SCI urn was iiegatue Included in this series are tMo adults one, a 32 jcai old 
female ps}choncuiotic patient with a questionable optic atioph>, and the othci 
a G2-\eai old male who was said to have had encephalitis of about one week s 
duiation fiom which he completeh lecoaeicd Two months pieMOUsl} he had 
been bitten b} a cat that latei died in coimilsions One cannot assume, how 
e\er, that toxoplasma weie the cause of these conditions because these patients 
might ha\e icquircd the antibody sometime in the past as a lesult of inappaicnt 
infection 


T\ble II Patifxts "Wirn Htdpoceph vli s Whose Sefv Failed to 
Neutralize ToxorLASM\ 


ISCEmON 

PMIENT 

VOE 

\DDITIOSAL FINDINGS 

RESULTS OF 

NEUTRALIZA 
TIOV TESTS 
WITH SER.\ 
FPOII IMMEDI 
ATE FtMILV 


Car t 

1 mo 

Macular chorioretinitis pwchomotor ili& 
turbance 

Difficult delivery tmnsitorv nystagmus 

— 


Kle 

3 mo 


Congenital ' 

Mad 

6 mo 

Birth injury subdural hematoma spasticiti 



Dam 

7 mo 

Mental retardation nystagmus tumor mn« 
m right eje 



Aut 

lir 

Meningocele at birth 

_ 


Lem 

2^ IT 

Difficult deliverv mental retardation 

— 


Tav 

5 mo 

Mental retardation 


Probaljlv 

congenital 

Mil ! 

IS mo 

Congenital heart di«ea e mental retardation 


Hus 

20 mo 

Cerebral ntrophv ntavia strabismus 


Lit 

3i yv 

On«;et at 1 year chorioretinitis mental re 
tardation convulsions 

® ©o 


O Did not neutralize M mother S sIbUns — not a\ailable 
tDaticnt too jounp to dc\olop own antibodies 


As rccoided in Table II the seia of ten childicn with hadiocephalus (one 
month to thiee and one half acars of age) were completeh ne^ntne loi to\o 
plasma neutralizing antibodies In most instances the Indroccphalus resulted 
Iron developmental defects oi tiaunia but m two patients onh the Indrocephi 
Ills was associated inth choiioietinitis Patient Car had choiioictinitis in the 
maciilai icgion of both e\es and In droccphalus at the age of 1 month It should 
he pointed out, howc^er, that the neutralization test maj be negatne in a newh 
bom infant and positne when the cliild is sc\eral months old ‘ Thus it is of 
greater importance to test the mother s blood os eaih as possible after the biitli 
of the bnb^, and the child's blood se^cral months later Lnfortunateh m tins 
ease neither the child nor the mother was available for subsequent tests Patient 
hit , With a possible onset at one Acai of age developed In droccphalus coinail 
‘51011S and chorioretinitis whose t\pc and distribution was not determined In 
this instance the sera of the child and the mother were negatne It is worth 
noting that in the senes of cliildren without antibodies the mothci*s' sera were 
nlso found to be negatne The instances in which the sera of both mother and 
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child aie positive theiefore assume gieatei significance as seiologic evidence foi 
a diagnosis of congenital toxoplasmosis 

Ceicbial eakiftcation in the absence of toxoplasma neiitializing antibodies 
was encoiiiiteied foni times (Table III) In two of the patients (Pie and Ste ) 
the calcification was associated with developmental defects Howevei, toxo- 
plasmosis could not be excluded with ceitamtj m tw'o (Bel and Nei ), one 
patient in paiticulai (Bel ) having manifestations compatible with a diagnosis 
ol toxoplasmic infection The scia fiom the mothei and child wcie sent tlnough 
the legulai mail dm mg the hot suminei months without any piecautions foi 
pieseiving the heat-labile toxoplasma antibodv Even so, tliev' vveie not eoiii- 
pletelv negative ami it is highlv piobable that antibodies might have been 
denionstiated in a liesh specimen Fuitliei specimens weie not obtainable 
Patient Xei also gave a histoii compatible with a diagnosis of toxoplasmosis, 
but lepeatcd tests manv months apait failed to leveal neutializing antibodies in 
citliei the mothei oi the child The absence of neutializing antibodies ni a 
child show mg the clinical signs of congenital toxoplasmosis has been lepoited ^ 
Both the mothei and child tailed to show toxoplasma neutializing antibodies on 
lepeatcd tests but legulailv showed the piesence of complement-fixing anti- 
bodies Again in tins gioup the motheis as well as tlie ofispiing lacked the 
neutializing antibodies 


Tabif III PviiENTs With Cerebcac Cvicificvtiox Whose Repa FAiiEn to 
Xfitpmizf Toxopi xsviv 


IXCEPTIOX 

P\TIFNT 

\CF 

i 

vwiTiowi 

RESIITS OF 

XFI trvii^a 

TION TESTS 
WITH SETV 
FPOvr IVIMEDl 
ATE FAvrn V '' 

Congenital 

Fie 

'Ste 

mo 

1 b mo 

Slum bifida, meningocele 

Fulure to develop 

(vp (Equivocal) 


Bel t 

S vr 

Bilntcrnl maciiHr cliorioietinitis, micro 
cornea 

@ (Equivocal) 


Ifei 

4 yr 

Muroceplialv, nientil retardation, optic 
itiophv 



Zone of c-ilcificntion Fie light liemisphtre between parietal bone anti rigbt coional 
outiire Sfe frontopanetil area neai left lertex Cel linear calcifications in tlie biain Nel 
walls of tcntncles 


•O Dill not neutralize M mothei 

tSerum specinien<! weie in the mail for leteral dais duimg the summer months Resulti 
of the neutralization test were caunocil 


Negative lesults wcie obtained with the blood of six patients, 2 months to 
27 veal's of age with letmal lesions but without signs of hvdioeepbalus oi 
ceiebial calcification (Table IT) In addition to othei svmptoms, two membeis 
of the gioup, age 2 and 5 months, i espectiv eh', developed convulsions The 
5-nionth-old child had cential elioioiditis and nv'stagmus as well Seinm tests 
of the niothei'S of these childien vveie likewise negative foi toxoplasma anti- 
bodies The lemaiiiing foni patients weie of suffieient age to develop antibodies 
but, since none vveie found no attempt was made to examine the motheis’ blood 
The tvpe and distiibntion of lesions in these individuals as well as the possible 
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Table IV Patients I\itii E\e Changes INiiose fecPA Iaieed to Neotfalue Tonopijlbmv 


nsCEPTlON 

1 

r\TIE\T 

AGE 

FINDINGS 1 

PESULTS OF 
NEUTFALIZS, 
TION TFSTS 
■\mil SERA 
FROi[ lililEDI 

VTE 

Congenital 

Mol 

2 mo 

i.^cs elo‘5C(], slight r<‘tmal clunge*! comml 
! sions 

® 


\ni 

5 mo 

iBilateril macular chonoretmitis, njstagmus 
con\'ul'?ioiis 



I hi 

vr 

itailure to develoji since birth cliorio 
ictiiiitiB (2 %ears later) 

1 

Probdlil} 

congenital 

Gai 

2}r 

Bilateral chorioretinitis (diffii'jc pig 
meiited) 

- 

\cquirctl 

( lo t 

1<) yr 

Aetj\e bilateril macular chonorctiiutis ' 


Horn 1 

27 ^ r 

Bilateral chorioretinitis (hemorrhagic) ml 
last \car ' 

- 


*0. Dirt not neutralize M mother — not atniloble 
tEqultocal on repeated tests 


onset me listed in Table lY The choiioictmitis ms firet noted shout tno tens 
alter bath in patient Hil In the adults, Cdo and Rom , the olionoietinitis uas 
seta e and had developed u ithin the past v cai 

The detoimination of noutnlizing antibodies was CNtcndcd to include dis 
ease conditions in which a dofinitc ctiologj could not be established IVhcn 
iiiduiduals with signs oL Indioecphilus ccicbial calcification and clioiio 
ictinitis liad been eliminated tlieic was still a iaigc group (ages 7 months to 
74 jeai-s) that showed negatae ncutializition tests In inant instances ispe 
oinlh 111 childien with congcnitalh aciiuiicd diseases the tests weie pcifoimed 
to o\eludo the possibility of toNoplasmosis The piimiit diagnosis or chief find 
mgs aio listed in Table V In this gioup thiee pitients had piolongcd eiieaplm 
btis, SIN had enccphalopatluos of obscuic etiology tluee weic bolieted to hate 
llodgluii’s disease one was a patient with eosmophilia and one with liepato 
spleiioincoah thcic was also an mduidual who had been exposed to toxoplasma 
in the laboiaton foi mam seals 


T\bii yi Conditions S\ men Fuled to Piiopi cf Ionopi^sma xiELTittLiziNr Vntibopies 


1 VTIINl 

VCL 

HI VINGSIS 

Dho 

7 mo 

1 amilial ilennolinatiiig cKro is 

Uio 

18 mo 

1 1 aniilial (Icnnolmating clcro is 

\ 0 

2m 

Congciutnl bone iilmormalitie mental ret irdation 

But 

21\r ' 

Encephalitis list 6 aiccKs (coninil’^ion*! itaxin pasticit\ plio(\toi > 

al 

Ojr 

Bight cerebral atropln cpilepsi connil ion pa ticil\ 

‘^nu 

8 ^ r 

Fosinophiha 

Tom 

S \ r 

Prolonged tncejih ilitis cortical atroplix nuntal retardation 

Bal 

14 1 

Biain ali'sccss 

I)a\ 

r, 1 


\cute enteplnlitis (toNOplasmn i olated from aniniaB inooulalel aitli 
C S F ) patient tested o\cn \cars later 

t In 1 

IS 1 r 

Hodgkin’s di'sea'^c 

r ap 1 

ai yr 

Hodgkin s di ea c 

ISir 1 

Hodgkin s disea e 

hue 

'll ^ r 

I aboratorv cx]io urc for mnnj it irs 


lO \ r 

Epiltjitic '^eirurc'i al>ortions 


74 ^ r 

HepatocplenonitgaU empicma of gall bladder 


Ca r porte 1 1 r Sabin • 
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DISCUSSION 

With the aid of quantitative methods, Sabm and 01itsk>"“ were able to dem- 
onstiate the deielopment of toxoplasma neutiabang antibodies m expeiimen- 
tallj infected monkeys Latei, utilizing the same method, Sabin° was able to 
shov the piesenee of such antibodies in a human patient inth toxoplasmosis, 
and tins vas soon coiioboiated in Coven, Wolf, and Paige’ The latter weie 
able to shov not onlj that antibodies veie present m the 3 ’^oung patients but in 
some of the mothers as well, thus gn iiig additional evidence foi the belief that 
the disease vas congenitally acquiied bv those patients Ceidam disci epancies 
regarding the piesenee oi neutializing antibodies vere explained when Sabin 
and EuohniaiP dlseo^ eied the extieme lability of the antibody and the ease ivith 
vliieh it disappeared fioni stored seiiun unless piopei pieeautions were taken 
foi its plesel^atlon Seia kept frozen m diy lee or lyophilized veie found to 
retain then antibodv content for long periods of tune AVith due regard for the 
mstabilitj of the aiitibodj, it was noted that neutralizing substances appealed 
in the blood stream of monkeys vithin tvo weeks aftei infection and persisted 
for over a jeai, which was the longest mteival tested It was also obseived that 
the presence of antibodi was not associated wnth the persistence of parasites m 
the tissues of the monkeis Having aseei tamed that the neutialization test 
3 uelded lepioduciblc lesults, Sabm' extended the woik to include sera obtained 
fiom human beings It was found that neutializmg antibodies were almost 
legulailv present in infants and cluldren showing psj’-chomotoi distmbances 
with 01 without ludiocephalus oi inicioeephah only when these weie associated 
with ceiebial calcification oi choiioietinitis oi both Coiroboiation w'as ob- 
tained of the presence of antibodies m the mothei’s of aifected children Occa- 
sionalh othei membci-s of the immediate family weie found to be positive In 
a high piopoWion of patients examined, neutralizing antibodies were found in 
patients with obscure encephalopathies, in mothers wlio gave birth to anen- 
cephalic, mieiocephahc, oi hjdioeephalic infants, and in older children with 
chonoretiiiitis as well as some of then mothers The latter were made the basis 
of a separate lepoit In Vail and co-woikei-s " Callahan'® studied the seia of 
one hundred apparent I 3 well adults and found that only ‘2 per cent were able 
to neutralize the eftects of toxoplasma Heidelman'" coiioboiated the finding 
of a high incidence of positne seia m patients wnth congenital chorioretinitis 
as well as in mam of then motheis The incidence was approximately 10 pei 
cent in cases of acquiied clioiioietinitis and much less m patients with acquired 
anteiioi uveitis A case diagnosed clinically as toxoplasmic in oiigin was used 
bv Adams and associates'" to study the sera obtained from members of the 
immediate family They weie aide to show the piesenee of antibodies in the 
patient, the motliei and nine of ten siblings Finallv, Johnson" coiioboiated 
the finding of a high incidence of positue seia among patients wnth actne 01 
mactnc central choiioietmitis, especially yvhen cerebral calcification was also 
present Among the sera of tw ent\ -eight patients ( 1*1 to 50 years of age) with 
maculax clioiioutimtis alone, a total of 16, 01 57 per cent, was positne The 
seia from four indiyiduals (3 to 5 yeais of age at first examination) ivho had 
cerebral calcification in addition to the choiioxetinitis yveie positive Again the 
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blood o£ the inotliers (two of two tested) nnd of some of the siblms^s (eight of 
ten tested) of such piticnts was positive 

The results lepoited in this senes of tosoplnsiiia neiitnlization tests coi 
loboratc the geiienl finding of positive sen among patients with hj droceplnlus 
or microcephalv nnd psv chomotoi distiiilnnccs when these aie associated wath 
chorioretinitis, paiticiilailv in the maculai icgion of the eje, and with ceiebral 
calcification The high incidence of positive antibodj tests in the niothei's of 
these patients substantiates the evidence that the infection was acquiicd in 
iitero In at least one instance liowerci the blood of a elidd with encephalitis 
was positive while the inothei ’s blood was negative, indicating that the infection 
was probablv acquiied postnitallj It is not known to what extent the pics 
ence of antibodies means past infection Indeed lough estimates place the in 
cidencc of iieuti ilization fiom 2 pei cent to about 10 pei cent in difCeient 
legions’ ” Of gicitei niiiioitaiice is the coiistant association of a celt nil 
svndioiiie with flic piesciice of neiiti ahziiig iiifihodics In tins case the pioblein 
becomes one of statistical stiidv Such studies have alieadv demonstiated the 
close association between positive scia in joiiiig childien piesenting the cai-dmal 
signs of coiigeiiital toxopl isiiiosis on the one hand nnd the pi esenco of antibodies 
111 the niothci-s’ blood on the otliei Occasionalh othei iiicmbei-s of the iminedi 
ate familj have had ciiciilatiiit, antibodies igninst toNoplasiiia givmo ciodeiicc 
to the belief that the infant aciiiiiicd the infection in uteio at a tunc when the 
infection was widespiead anion, some iiicmbei'S of the faiiiilv 

Although no e\act figuies aie available it would appeal tint antibodies 
once attained as a lesult of s]ieeifie infection peisist foi long peiiods of time 
perhaps indefliiitclv Tlie longest peiiod of c\amination was until about five 
vears aftei diagnosis at which time the seiiiii neiitializod to the same evtent as 
hefoie Nuineious lessei inteivals have levealed that the antibodies vveio still 
piesent in the blood stieaiii Foi c\ample among the nnietv tests pcifoimcil 
on seventv two individuals, some icpeat evamiiiations with fieshlv di iwn seiiim 
samples vveio included The specimens vveie obtained anjvvheie fiom two weeks 
to tnanj months aftei the initial bleeding tests were peifoimcd \jiiong the 
twentv two individuals with positive seia nine weie letestcd of which ciglit 
iciiianied positive and one became equivocal Among the fiftv negatives five 
wore letested and all lemained negative Seven equivocal individuals wcic 
found and of these, foiii vvcie icc\amuicd at a latei date One lemaiiied 
doubtful two became negative and one tinned positive Tins last occinied in 
an infant suspected of tONoplasmosis whose test was equivocal at one month of 
ago but became stronglv positive at tliicc months of age This oliscivatioii has 
hocn pointed out hj Sailin’ and to a ceitam extent explains the negative and 
equivocal results obtained hv otheix in an occasional infant with toxoplasmosis 
It does not explain the observation bv Ilcidclmnii’’ of iiidiv idiiiils who luii 
tralizcd nnd subscqucntlv lost then antibodies A suggested explanation is 
that the scia oiiginnllj were actuallv equivocal, since vve have iccordod oiilv 
one instance in vvliieb a positive individual cventuallv bcenme negative Fviii 
dlls uulivadunl was oiiginallv on the boideilinc of positive and Intir benime 
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equivocal We thus fai have not seen a stxonglj positne seium that latei be- 
came completely negatn e 

Negative tests weie obtained in many of the disease conditions and the 
small selection lepoited heie emphasizes the need of tests on additional diseases 
of obseuie etiologi^ to lule out the possibility of toxoplasmosis Such tests' haie 
ahead’s excluded the possibiliti of toxoplasmic infection in patients with Indio- 
ccphalus, mieiocephalv, psjchomotoi letaidation, oi convulsions not associated 
with eeiebial calcification oi choiioictinitis oi both All of the seia fiom ten 
patients with l^diocephalus oi mieiocephaly in the absence of eeiebial califiea- 
tion 01 choiioictmitis weie negatne foi iieutializing antibodi These, togethei 
Mith the seia fiom eight of nine patients lepoited hcie, make a total ot eighteen 
of nineteen patients tested that failed to shm\ antibodies yhen ncithei eeiebial 
calcification noi choiioietmitis vas piesent 

SUMM VR\ 

The toxoplasma neutialization test peifoimed in labbits was used to delei- 
miiie the piesence of antibodies in vaiious disease conditions Of the seia 
obtained fiom seventy -two selected individuals, tncnti neie positne, foity-eight 
veie negatne, and foui veie equnoeal Coiioboiation nas obtained of the high 
uicidenee of the positne seia among childieii showing signs of congenitally 
acquiied toxoplasmosis, nameh, coinulsioiis oi othei signs of cential neiious 
system nnohement and Indioeephalus oi mieioccphalns ivlien these veie as- 
sociated with eeiebial calcification oi ehoiioietinitis oi both Antibodies veic 
legulailv piesent in the Iifood of the inotheis of such patients Antibodies weie 
also found in a child vith piolonged enceplialitis and in two adults nith mental 
distuibances The toxoplasma neutializing antiliodies peisist in the blood 
stieain foi at least fixe leais which vas the longest intenal tested Manx con 
ditions of obseuie etiology failed to shon the piesence oi toxoplasma antibodies 

Gratitude is espiessed to Di A B Rabin, Ciiamnati, foi clnnnohng mam of tlie 
itquests to the author Tins iiu estigation i\ns made possible thioiigli the hind cooptia 
tioii of the following plpsiuans vlio furnished the speeinieiis and histones Di R 1' 
Birge, Des Moines, Iowa, Dr Beulah Cushman, Chieago, 111 , Di Manana Gardnei, Demer, 
Colo , Dr Clifton Goian, Jr, Baltimore, Md , Dr Heinian Hoster, Columbus, Ohio, Di 
B Johnson, Clei eland, Ohio, Dr Thomas, B Lebherz Baltimore, Md Dr M C Millei, 
Pittsburgh, Pa , Dr Waldo E Nelson, Philadelphia, Pa , Di \ B Rehuartz, Mihiauhet, 
Wis , Dr Gregory Shwartzniaii, Neu lork, N Y , and Di Robeit M ud, Ncu Xoik, N X 
This opportunit'v is taken also to espiess gratitude to the nunieious staff members ii I 
lesideiits of the Childien’s Hospit il, the Cinnniiati Genera! Hospital, and tin Teuish Hos 
pitil, puticuliih to Di Prank Naiitz, Di Toseph Ghon, Di Toset Waikam, Dr Idgir 
Lotspeich and Di Williim McGou in for their kind coopciation 
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A COLORIMETEIC DETEKJIINATION OP GARONAMIDE 
Cakl Ziegler, B A , and James M Sprague, Ph D 

pHILiVDELPHIA, Pa 

T he evaluation of a laige nuinbei of substances of vaiious chemical types 
foi their pi Opel ty of inhibiting the lenal elimination of penicillin has led to 
the selection of 4'-caibov3'-phen3'^lniethanesulfonanilide (eaionamide) foi detailed 
study “ The extensive pharaiacological and clinical evaluation of such an 
agent lequiies a method foi the quantitative deteimination of the substance 
m tissues and in bodj’- fluids The eonienienee and aeceptabiliti of the eoloiime- 
tiic method foi the quantitative deteimination of sulfanilamide deiivatives^’ * led 
to attempts to adapt this method foi the deteimination of eaionamide Since 
eaionamide (I) is a deiivative of p-aminobenzoic acid, a cleavage to yield 
p-aminobenzoie acid (11) would peimit the application of the diazotization 
method to this compound This geneial eoloiimeliic piocediue has been em- 
ployed foi the deteimination of p aminobenzoie acid and its dei natives in 
biologic mateiial'’® 
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Caionaiiiide pioied to be lesistaiit to indioljtic cleaiage except undei 
diastie conditions that lesulted in the destiuction of the p aminobenzoie acid 
also Houeiei, it uas found that the action of a poudeied nickel-aluminum 
alloy (Raney catalyst alloj*') in alkaline solution gaie complete and smooth 
cleavage In this method the leaction of the aluminum in the alloy yiith the 
sodium hy dioxide lesults in a vigoious eymlution of hvdiogen The hydiogen, 
111 contact yvith the nickel fiom the alloy', causes hy'diogenoljsisof the eaionamide 
ynth the liberation of p aminobenzoie acid yihicli then mav^ he detei mined by 
the established pioceduies 

A desciiption of the pioceduies foi the detei niiiiatiou of eaionamide in 
unne, in plasma, and m blood is piesented in tins communication The applica- 
tion of this method to other compounds y\ull be lepoited latei 

In the pioceduies for plasma and blood, 90 pei cent alcohol pioyed to be a 
satisfactory piotein pieeipitaiit Acid pieeipitants such as tiichloioacctic 
acid 01 p-toluenesulfonic acid ueie not satisfactoiw because of the low solubihtv 
of eaionamide in acid media and because of the laige lolume obtained vhen the 

From the Department of Organic Chemistrj Medical Research DKIsion Sharp and 
Dohme Inc. 

Recened for publication Julj 19 1947 
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'icid filtrate was ncutializcd and tlicu made sufficientlj alkaline for treatment 
\Mth the nlloj In the case of plasma it is not essential that the piotem be 
precipitated In the alteinatnc procedure the plasma in alkalme solution is 
ti Gated directlj rnth the alloj 


REVGENTS 

Sodium hj dioxide solution, appioximatel> 5 per cent 
Raney catalyst alloj 

Hjdiochloiic acid, appioximateh 6 N, the concentiated acid diluted r\ith 
an equal rolumc of uatcr 

nOct'vl alcohol, to pierent foaming "ttith alloj tieatment 
Sodium nitiite, 0 2 per cent solution ficsldr prepared 
Ammonium sulfamate 2 per cent solution 

N (1 Naphthjl) ethjlenediamine dilndiochloride, 01 per cent solution 
fiesMj picparcd 

Ethanol, 90 pei cent 


PROCFDURES 

For tho determination of tlie p ammobenzoic ncid follov\ing the alloy treatment, a slight 
modification of the procedure described bj Eckert is used N (1 Isaphtlijl) ethylencdiamme 
IS employed as tho coupling agent A Klett Summer on photoelectric colorimeter uitli a 
No u4 green filter was used to road color <> c 

1 DetermincUon tn Vrine — Two imUiliters of the urine sample are diluted accurately 
to 10 ml with water * One millthtcr of tins solution is ndded to 10 ml of 5 per cent sodium 
hydroxide solution, in a 12o ml flask or a large test tube Two drops of n octyl alcohol are 
added and then. 0 5 Gm of the Raney catalyst alloy t The ^e99el is swirled gently to mix the 
contents "Wlicn the vigorous reaction has subsided, the luixturo is heated on a steam bath 
or in a boiling water bath for twenty minutes The mixture is cooled and the residual 
nickel aUowed to settle The aqueous portion is decanted from tlic nickel and tho nickel is 
washed by decantation four times witli distilled water The aqueous solution and the washings 
arc combined and diluted to 100 milliliters Instead of washing by decantation tho re-^idunl 
alloy may be separated by filtration or ccntnfugntiont and tho solution made up to 
100 tailhliters Ten milliliters of tlic alkaline «»olution arc added to 4 ml of C N liidro 
chloric ucid$ with constant agititioii and the acid olution is diluted to 50 milliliters 

To 10 ml of the acidified solution 1 ml of 0 2 per cent odium nitrite olution is added 
The solution is mixed well and allowed to stand for fi\e minutes One milhhtor of 2 per cent 
ammonium sulfamate solution is added, tho olution is mixed and aUowed to stand for 
three minutes Finally, 1 ml of the 0 1 per cent solution of N (1 naphthyl) cthylcncdiamino 
dihxdrochloridc is added and the solution is mixed Vfter thirty minutes the intensity of the 
color IS read Distilled water is u cd as a bl ink The concentration of caronamidc in tho 
original urine ‘sample is obtained by reference to a standard curve constructed by plotting 
colorimeter readings obtained when a senes of stand ird solutions of drug is carried through 
the foregoing procedure 

JI Determination tn FJosma — A 2 ml samplo of plasma is diluted accurately to 
20 ml With 90 per cent alcohol and the su pen ion is thoroughly mixed After standing for 

This prlniarj dilution Is ik Irnble to niinlinlz foiinlnc durlnp the allo> treatment nnd to 
rc Uico the concentration of caronamidc 

, ,, tThe alloj ma\ ho incnsur d conXMilrntlj In i umall men urlnt; poon tint Is shnpcl to 
iioid approxlmatelj 0 5 gram 

tCautlon The residual nickel must not bo allow d to drj since It Is pjrtplioric It should 
w wnphoil down the drain lnimedlatel> with n large quantU> of water 

}T1ie alkaline solution must be added to the odd If the addition Is In the n.\crso order 
precipitate forms which dissolves mplll> In the excess ncld onlj when the mixture Is warme<l 
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ten minutes the mixture is filtered through coarse paper and 10 ml of the filtrite <ire added 
to 10 ml of 5 pel cent «odiuni hi dioxide solution Tuo drops of noctil alcohol aie added, 
followed bj 0 5 Gm of the Hanei alloj * When the first iigoious reaction subsides, the 
mixture is heated on a steam bath or in a boiling iiatcr batli for thirtj minutes The alcohol 
IS aliened to esnpe during this tre itment The nuxtuie then is cooled, diluted to 100 ml, 
and filtered 1 Ten milliliters of the filtiate aie added to 1 ml of 6 JT hjdiochlorie acid} 
After the addition of 1 ml of 0 2 per cent sodium nitnte, the solution is mixed nell and 
aliened to stand for file minutes One milliliter of 2 per cent ammonium sulfamate is added 
After three minutes, 1 ml of 0 1 per cent K (1 naphthcl) ethvlenedianuiie dihjdiochlondc 
solution IS ulded and the color is alloned to deielop for thntc minutes The color intensity 
IS read, using distilled nater as the blank 

The concentrations of caronamide arc calculated be leference to a standard curve pie 
pared bj plotting colorimeter readings obtained bv using this piocedure on samples of plasma 
containing knonn quantities of the diiig 

III Alternative Determination in PIa<)ma — A 1 ml simple of pi isma is diluted nith 
10 ml of o per cent sodium hjdroxidc solution To tins aie added tuo drops of noctxl 
alcohol and 0 5 Gm of Ranee alloj IMien the first eigorous reiction has subsided, the reaction 
mixture is heated on the steam bath for thirtx minutes The mixture then is cooled, diluted 
to 100 ml , and filtered f 

A 10 ml aliquot of the filtiate is added to 1 ml of 0 M hjdrothloric acid}, after 
which 1 ml of the 0 2 per cent sodium nitnte lolution is idded This is mixed uell and 
alloned to stand foi five minutes One millihtei of 2 per cent immonium sulfamate is added 
After the solution lias stood for thiee minute'- 1 ml of 0 1 per cent X (1 naphtlnl) 
ethjlenediamino dihjdrochlonde solution is added and the color is alloned to decelop for thirti 
minutes Intensitc of color is road uith the coloiimetei In oidci to coriect for a slight 
turbiditv that appears luth some plasma spettmens, i blank is prepared from a second 
10 ml sample of the alkaline filtrite from the illoc tieatnient hi omitting the sodium nitnte 

Concentrations of caronamide are calculated from a standaid curve prepared bi plot 
ting colorimeter leadings obtained bj using the foregoing procedure on simples of plasma 
containing knoiin quantities of diug 

IV Determination in Blood — A 2 nil sample of blood is added to 2 ml of water md 
the mixture is alloiied to stand for ten minutes in order to alloa hcniolvsis of the cells 
This mixture is diluted accurateh to 20 ml with OO per cent alcohol The suspension is 
mixed thoroughlj", allowed to stand for ten minutes, and filtered Ten nullihteis of the 
filtrate are carried through the allov treatment as described in II A standard curie is 
constructed from vilues obtained inth blood to iiliich known amounts of the drug haic 
been added 

Besniis Tl tth Standonl Sohittons — Solutiojis containing known amounts of 
p-aminobenzoic acid in watei, in mine, in plasma, and m blood ax etc piepaied 
and lun tluongh the allot tieatment accoidmg to these pioccdiues The amounts 
of p aminobenzoie acid lecoxeied woie calculated Iw lefeienee to a plot of the 
coloiimetei leadings that ueie obtained on standaid aciueous solutions not sub- 
jeeted to the allot tieatment. The lesiilts, tvhich ate tabulated in Table I, show 
that leeoteiies geneiallt tteie 80 to 90 pei cent Theiefoie, 10 to 20 pel cent 
of the p-aminohenzoic aeid is lost dining the alloy tieatment Hottetei, foi each 
pioceduie the leeoteiies aie fault constant and lepiodueible 

Siimlailt, solutions containing knotni amounts of caionamide tteie sub 
iccted to these pioceduies and the lecoteiics of p-amniobenzoic acid were cal- 

•See footnote t on page 97 

tSee footnote + on page 97 

}See footnote 5 on page 97 
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Table I EECO\EPr op p Amilobenzoic Acid 



1 P\D ^DDED 

PAB rECOTERED 

prOCEDUPX 

1 (MG/lOOlIL) 

MG/100 ML 1 % 

In ITater 


I 

500 


424 

85 

r 

£j0 


206 

82 

r 

100 


84 

84 

III 

20 


17 

85 

III 

10 


83 

83 

III 

5 


42 

84 

In Urine 

I 

500 


45G 

91 

I 

2o0 


22S 

91 

I 

100 


90 

90 

In Pla'iina 

II 

20 


IGG 

S3 

II 

10 


8 G 

86 

II 

5 


4o 

SG 

III 

20 


IG 

80 

III 

10 


8 

80 

III 

5 


4 

80 

In Blood 

I\ 

20 


luG 

78 

IV 

10 


82 

82 

r\ 

5 


4 1 

82 


cuhtecl Again tlic iceoiciies weie geneialli lietween 80 and 90 per cent and 
MeiL constant and leproducible foi each piotediiie Since the recoienes '\eie 
tsscntialh the ianio aftoi tlie alloi tieatment of cither p aminobonzoie acid or 
taioiiaiiiidc it appeal’s that the caioiiaiiiide is split quaiititatneh but that an 
aiciage ot 15 pci cent ot the lihontcd p aininobeiizoic acid eithei is destroied 
duniig the tieatinont oi is lost, possihh hi adsoiptioii on the finch diiided 
mtkcl 


Table II Eecoiepy of r Aiiilobenzoio Acid Froir Capos amide 



C^rONAMIDE 

= 

— 

PAD 




\DDED 



EQUIV\LEVT 

P\B PECOVERED 

procEDurr 

(MO/lOO ML) 



(MC/lOO ml) 

(MO /loo ML ) 

% 



In 

Jf ofer 



I 

1000 



470 

405 

8G 

I 

500 



235 

202 

86 

I 

200 



04 

84 

89 



In 

Z7nne 



I 

1000 



470 


S( 

I 




*>30 

20,> 

87 

I 




04 

84 

89 



In 

Plawia 



11 

40 



18 S 

10 4 

87 

II 

20 



04 

S3 

88 

II 

10 



47 

4 1 

87 

III 

40 



IS S 

14 4 

7G 

III 

20 



04 

7 2 

7C 

III 

10 



4 7 

3 2 

CS 



In 

Blood 



I\ 

40 



iss 

154 

S2 

I\ 
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S3 

I\ 

10 



47 

4 0 

85 
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Fiona these data it is evident that staiidaid lefeience cuiies foi use in 
loiitiiie deteiniinatioiis may be const! ucted from the coloiimetei leadings 
obtamed Mhen iiinie, plasma, oi blood containing Icnowii amounts of caionaniide 
aie luii thiough the appiopiiate pioceduie Fiom Table I and Table II it 
nill be noted that pioeediue III, ndneh is iim on plasma mthont lemoval of 
pioteni, gnes loivei lecoveiies than does pioceduie II Neveitheless, this 
piocoduie has pioved to be useful in the analjses of a laige numbei of loutme 
specimens iilieie extieme accuiacy was not lequiied 

Poi the best lesults the acid solutions used foi the diazotization and cou- 
pling ni these pioceduies should coi respond to a caionaniide concentiation of 
between 0 15 and 0 4 mg pei 100 ml , oi approximately 0 075 to 0 2 mg pei 100 
ml of p aminobenzoic acid At these concentrations the scale leadings of the 
coloiimetei lie between 100 and 300 

With the dilutions employed in these pioceduies (1 2,500 for unne, and 
1 100 foi plasma and blood), caionamide concentiations in urine from 200 to 
1 ,000 mg per 100 ml , and in plasma oi blood from 5 to 50 mg per 100 ml , can 
be detei mined satisfactoiily 


SUMMARY 

A pioceduie foi the coloimietric assay of caionamide is desiibed Treat- 
ment in aqueous alkali with nickel-aluminum alloj quantitatively libeiates 
p-ammobenzoic acid mIiicIi then is detei mined b-v established proceduies 
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A COMPENSATING PLETHYSMOKYMOGKAPH FOR JIEASURING 
BLOOD PLOW IN HUMAN EXTREMITIES* 

Maxwell R Berra MD,t Edward J Bvldes Ph D 
Hirui E Essex, PhD, § vnd Khalil G AVakim MD Ph D II 
Rochester JIinn 

A ccurate measuiement of blood flow tbioiigli the extiemitics of human 
beings has proved to be a fairly difficult pioblem That plethjsmolri 
mographic methods are not eompleteh sitisfaetoi-j is attested lij the fact that 
for the past thiity jcais new impioAcmeiifs of the oiiginal plcthjsmolnmogiaph 
invented bj Biodie and RusscIP have been piesented fieqnentlj The skep 
ticisra of PczzalP eoneeining the value of this method foi incasiiiing blood flow 
has fiequcntlj proved to bo justified although the plethjsmokvmogiaph Ins 
jieldcd a large volume of valuable phjsiologic infoianation of qualitative if not 
quantitative significance Unfoi tunatelv , howevei, most of the physical and 
phjsiologic principles on which the method is based have nevoi been adequatelv 
analjzed In fact, it has been demonstrated in onh one organ® (the kidiicv ) 
that blood flow is measured bj the plctliv smokv niogi apliic method Landowno 
and Katz* have piesented an admiiable ciilique of the pRthvsniographic method 
of measuiiiig blood flow in human beings 


PRINCIlLF OF PLETHV SMOKV VIOOrAPIU 


The tern plctliv smoltvmogiaphv is dciived fiom Cjtek and litoially means 
“the iTcoiding of the cuivc of filling An oigaii oi i poitioii of an extiemitv 
IS scaled in a leakproof plethvsmogiapli A svphvgmomnnometei cuft connected 
to a piessure reservoii is placed about the extiemitv of the subject just proximal 
to the plcthjsmogiaph This cuft is called the collecting cuff and its function 
w to produce occlusion of the veins Sudden inflation of the collecting cuff to 
a pressure below diastolic blood piessure vet above venous piessuie, tiaps in 
coming aiteiial blood within the portion of the cxtieniitj distal to the collectin', 
cuff and therebj causes engoigemcnt and increase in volume of the portion of 
the extreiiiitv which lies inside the plethvsmograpli Goiincctcd bj tubing to the 
iiisidc of the plethvsmogiapli is a lecoiding device whieli ls activated liv a change 
of pressure watliin the plethvsmograpli Tins change of piessuie within the 
plethvsmograph and iccoider is induced bj a change in volume of the enclosed 
Portion of an extreiiiitv The lecoider niaj ti lec on a sinol ed diiini oi icflcct 
a beam of light to lecoul on moving photosensitive papci The lattei method 
« called the optical sjstcni of lecoiding and is the more satisfactorv of the two 
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Avhen sensitivitj is essential The late ol iiiciease in volume of the poition of 
the extiemity enclosed in the pletlnsmogiaph is raeasuied I)\ the exclusion of 
the leeoidei and a timing device The inciease in \olinne pei nnit of time, so 
obtained, is assumed to be an indication of actual blood flon to the poition ot 
the extiemiti enclosed in tlie pletlnsmogiaph Tlie lecoid obtained is called 
a “flow eiuie ” Fig 1 shovs seieial types of floi\ ciuves yhich weie obtained 
in this studi 



The piupose of this communication is to desciilie a (ompensating pletlnsmo- 
kimographic method yhich ve haie deieloped Attei taieful analisis and ap- 
piaisal of this and \aiious othei methods we haie leached the conclusion that 
this compensating pletlnsmokiTuogiaph most neaih satisfies the ciiteiia foi 
aeciiiate deteimination ot blood fioy in human Cvtiemities Tlie following aie 
the main lequuements yhieh mc considei essential toi the accuiale deteimimi- 
tion of blood floii thiough human extiemitics bi the pletln smokimogiaphic 
method 

1 Accuiate measiiiemeiit of pulsating changes in \olume pei second 

2 Appioxiraateh noimal eiiMionmental conditions 

3 Complete and sudden aiiest of the letuin of lenous blood fiom the e\ 
tiemitc without obstiuctioii of the flow of aitciml blood into the exticraiti 

4 Elimination of oi compensation foi mechanical eiiois due to 

(a) Displacement of fluid and tissue fiom beneath the collecting ciift 
into the pletlnsmogiaph dining inflation of the collecting cuff 

(b) Respiiaton and othei motions of the cxtiemiti 

(e) Difteiences in calibiation of the iccoiclmg clciicc due to the dit 
fetences in the volume of laiious extieniities 
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(d) CInnges in eiiMionmcntal tcmpenture and pressure 

(e) Leal s m the apparatus 

(f) Slight aaiiations in camera speed 

Air was piefeiied to water as an cmiiomnental medium inside the pletlns 
mograph foi the followang lessens 

1 118101 constitutes an abnoimal ciiviioniiiental medium 

2 The iiieitii ot watei might tend to slow down rapid changes in loliime 
of an estiemiti 

3 Exteinal watci piessuu iiiai pieient ineieases in lolumc of the lenoiis 
s\ stem 

4 IVc desned a method of plotln smoKi mogi apln which would be appli 
cable to the leg iiid foot as well as to the urn ind hand 11 ith water as an 
cniiroiimental nicdiiim, the patient s knee imist be at a hi„hei lei cl than the foot 
111 oidei to pieiciit leakage ot watci about tbe point wheie the plethysmogiaph 
IS sealed to tlie patient s extiemiti It the patient s loot is at a lowei leicl than 
his knee iciioiis piossiiie and the evtoiaiil piessuie of the suiiouiiding watei 
are gicntci in the fool thin in the leg and iiiteiial blood should flow into the leg 
inoic easih than into the foot 


r. p ri 



— The* urin plclln nu graph witli the arm prepand for In rtlon Jnto the rleth>«imo 
o Op n end of the plcthj mograph I* bra s ilng- for clamping the occluding diaphragm 
m tho open end of the plctln niogr ph (this Is pas ed o\er tie llaphragm before clamping) 
inetal straps for fl\\inging the pl tin mograph from abo\e d plate gla s ^\liulo^v re ting on 
™U‘Mjr gasket e laibber gasket / i ring clamp holding the window In place n Inlet for call 
orator h outlet for a Murej tambour i outlet for wide bon. tub ng leading to the compen atlng 
jnirometer reconkr 3 outlet to tlie recorder for a linger plctln amogmph al 0 u e 1 ns ^c Inlet 
ifrpcrfu ng the plctlijsmogrnph when cillbrnthig k Inlet for hmation of the w rlst cuff 7 in 
for four electiic thermocoupl »u lubb r sltc\p n rubber lep\p o\crtcd o\or a spongi 
rubber cclulitu. llaphngin o collectin'- cult 7 wrist cuff 


nr^crii tion of \i i \r vtus* 


Plcihjvnncii(ii)h (Fig J) — \ coppci caliiidei 18 inches (45 7 cm) long 
■nid G Indies (15 2 cm ) in diamctci is closed at one end snd open at the other 
bi the side of the c^lnldol is ii icctnvulsi opcniii., 4 b\ S inches (10 2 In 20 3 
”' 1 ) m dnmeter A phte glass window held in place In a strong spiiiig clamp 


ar In «btp1 to Mr \ N I ort r for hi trchnlcal as I tance 
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Fig 3 — hes pleths smognph shop ins' the ■\arious stages in the preparation of the leg for 
making an airtight seal around the leg when inserted into the plethysmograph ■without inter- 
fering with tile circulation The various outlets coi responding to those of the arm plethysrno 
graph are located on the medial sui faces a Constituent parts of leg plethj smograph 6 pie 
th> smograph applied to legs and made airtight without Interference with circulation 


lests on a sponge ivibbei gasket ■which occludes the innctuie between the edge 
of the lectangulai window and the plate glass When the pletlnsniogiaph is 
hoiizontal, the window is on the iippei side and peimits Msualization of the limb 
On the nght side of the plethj smogiapli is a louiid opening laige enough to con- 
163’' the lead wnes of electiie theimoeoiiples foi deteimmation of skin tempeia 
tines Outlets for a ]Mare3 tamboui and a ealibiatoi aie placed at the top of 
the distal end of the pletha^smogiaph On the side of the pletlnsmogiaph is a 
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connection lor inflating a wrist cuff On the distal end is an outlet for a recorder 
connected to n finger plethj sinograph and another outlet for a leeordei 
connected to the aim plethi smogrnph The instiument is suspended and swung 
hr means of a lope fioni a point aho\e and moics freeh fiom side to side or hack 
and forth nith respiiatori and other iniol untan motions of the extremities 
The plethi smograph is lendered airtight hj means of a thick, stiff sponge rub 
her diaphragm called the occluding diaphiagm which is clamped over the open 
end of the pletha sinogi aph hj a heava hi ass ring 

Plethj smographs foi the lowei e\ticnuties weie made of cast aluminum 
ns showai in Pig 3 Tlie majoi principle of their opeiation is the same as for 
the arm plethj smographs desciihed picnoush The plethj smographs weie 
painted flat blacl in ordci to facilitate heat tiansfei and prevent abnormal 
laiiatioiLs of tempeiature 

B}anJ PhVnjsmograpli — Tlie blank plethj sanogi aph is a replica of the 
afore mentioned plctlu sinograph and is used in eoniiiiietion jjath compensating 
spirometers (see next section) to eliminate the crioi’s induced in the estima 
tion of blood flon lu changes in the enj ironnieiit il an tempeiature and pressure 

Compensating Spiiomctcrs (Fig 4) — The lecoidmg dcjico which jie hajc 
named a compensating spiromctei, is made up of two spiiometeis identical in 
eapaciti and foim Each spii-ometcr is made of tluii shim brass in the shape 
of a hollow, truncated wedge One of the bioad sides of the wedge is omitted 
thus forming an ini ei ted cup w hen the wedge is placed w ith the open side down 
Faeh spirometer lotates about an axle mounted on ball bearings The axles of 
the two spiiomotei-s he in the same axis Each spirometer floats on kerosene 
or “finol” contained in a squaie metal pan A metal pipe pieiees the bottom 
of the pan passes up thiough the contained keioseno and opens into the an 
pocket in the spiiomctei 'Wideboie luhliei oi plastic tubing connects one 
spiromctei to the pletlusmogiaph and the othei to the blank plethi smograph 
In this waj the enclosed space between the top of each spiiometor and the siii 
face of the kerosene is in communication with the lespective plethj smograph 
As the lutraplethj'smogi a])liic jolunic increases the spiiometei rises as the jol 
Unio dcci'eases it falls The spiiometcr pans aie mounted side bj side and 1 cm 
apart An extension of the axle of each spiiometci piojects into the space be 
tween them and to each extension a small niiiioi is cemented 

The two spiiometeis aic ‘o placed that a single filament lamp throws a 
lionzontal beam of light through the space sepal ating the spirometer pans and 
into the camera The niiiroi mounted on the axle of the spiiometcr connected 
to the blank plethj smograph reflects the beam of light fiom the lamp backjvard 
and onto the mirror attached to the spirometer connected to the tiaic pletlns 
niogiaph The lattei mirroi reflects the beam of light forjvard through a focus 
ing lens into the cameia Thus the optical sjstcm is so arranged that an in 
crease in joliime of the blank jilctlu smogi aph causes a dowaiward deflection of 
the recording beam while an increase m Joliime of the tiiie pletlu smograph 
causes an upward deflection of the light beam tin factoi which changes the 
'olume of both the true pletlu siiiogi iph and the blank plain smograph si 
niultancoiiplj to the same degree and in the same direction does not appreeiahh 




Figr 4 — Compensating: spirometei recorder n Spirometei recording \oIunic ch in^^e 
in the blanK pleth\ ^mogrraph a spirometer for recording xolumc changes in the true pte- 
thjsmograph b metal pans containing flnol which «eals the ‘Spirometers c metal pipes pierc 
ing the bottoms of the pan<s for connection with the pltth% ^mogr<tphs d cMension of the a\les 
of the spirometers into the space between the pans e miiroi facing backward e minor facing 
forward / focusing lens 


altei the position of the lecoidinji beam Since changes in loom tcinpciatuie 
and piessuie affect the tine pletlnsmogiapli and the blank pletlnsmogiaph 
eqnalh and snaultaneoush , the eiiois caused In these clianges aie eliminated 
fiom the flow cime (Fig 5) 

Tlie mechanism toi compensation is also dcnionstiated in Fig 6 If leiious 
occlusion IS made in liotli e\tieimties simnltaneonsh the deflection of the hcani 




fib — TncinES muslr\tlnE the niech inlmi hi mean-, ot v^hlcl1 
compensate for fluctuation^ In room tcnip'.J'atuie nnl |)rc urt P^ Plethjsmosraph Nolume 
base line 7 TB/ room temper tiure and lOom ntmospheilc ptessuic 
Fluctuations in ntmosphetic pte iiic aeie Indited b> u 1 lenb 
loor of the laboratorj three time durlnp each experln»ent *'»><■*> recorded in 

tie PT rp line Note that thej arc about equ il In each of the three experiments 
Blank spiromttei Tube Ruling f, the pletl jH«ogif|)h wa ° 

spirometer iccordlnf, ^olunlc chances In the blink pletli' mocriph loconiel Note tint the 
' •'Joi iltflcctlon of the plrometer U downward 

, rieth^sniograph spirometer Tube Icidinc to tlie blank pleth> sinograph snlron^^ was 
clumiH 1 0 th t onlj the plethj smocr iph piiomtlei ncoilcl The major leflectlon 1 now 
upwiid 

Coimon itini. snlrometci Both tlic blank an I pletln splronieters rworled 

Tlie dowmiurd deflection of the former is nruti illze I b% Uu. ,”b^«rd defl ctlon of t^he 
anl no slgnlflcmt deflection of the leorllng he im occura do } it changes in almf pherR 



He e — Tniclm,s 1 mon trallm, th 
'•nironift r ncorler IHool Iloe, cur\o 
Mme h, il\|iuT| siimuUineou \en uh 
I tj'Htlon of the beam 


in ch mi 1 1 of < »mi ' u 
w re tnk n fi in tin 1 
i t'clu I n of both arm 


illon b> ti <f compen ntinj. 
ft nn 1 riKht forennn of th 
can o i onl\ nn Insignificant 
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IS insignific.iiit , jet venous occlusion of the left oi iiglit Innb alone will gne a 
t^^neal flov eui\e foi that limb It is cleailv demoiistiated that the deflection 
of the light beam by occlusion of the light aim is don nv aid and its liase line 
had to be made at the top of the cameia slit Venous occlusion of the left aim, 
howe^el, deflects the beam in a diiection diainetiicalh opposite to that of the 
light and its base line, theiefoie, is made at the bottom of the cameia slit Both 
flov eui^es foi the light and left foieairas can be made sepaiateh and calcu- 
lated as shovn in Fig 6 Simultaneous occlusion of both aims pioduces piac- 
tiealh identical changes in \olume in both aims at the same time and theiefoie 
the upvard deflection of the beam pioduced bv one aim aiiiuils the dowmiaid 
deflection pioduced by the othei Hence, by the use of eoinpensaling spiiometeis 
simultaneous changes in the limbs similai in magnitude and diiection aie taken 
eaie of vithout significant eiioi 

Mmey Tamhom — A Male^ tamboui uith an optical s\stem ol lecoiding is 
used to test foi the pi esenee of leaks To test foi leaks, the tube leading to the 
compensating spiiometei fiom the pletlnsmogiaiih is clamped Enough an is 
iniected into the plethysmogiaph to induce a piessiue of 1 5 cm ot watei and 
the deflection of the beam of light leflecled fiom the lubber tamboui is noted 
A peisistent fall in piessuie is indicatne of a leak in the appaiatus 

PROCrDURE FOR MAKINC. AN AIRTIGHT SEVL BEIWEEN THE LIMB AND THF 
PLETHISMOGRAPH WITHOUT INTERFERING tVITH THE CIRCULmON 

The pioeeduie that was used foi making an an tight seal consisted of coat- 
ing the pait of the limb pioximal to the plethj smogi aph with snigical telly be- 
loie nisei ting it into a thin lubbei sleeve 8 to 10 inches (20 3 to 25 4 cm ) long 
The sleeve fits loosely aioimd the limb (Pig 2) A disk of sponge lubbei % 
inch (1 3 cm ) thick and with a diametei ecpial to that of the inlet of the pletlns- 
iiiogiaph had a hole cut into it confoimnig to the coiitoui of the luiib but wutli 
a slighth gieatei ciicunifeience The limb is slipped thiough the hole ui the 
disk and the distal end of the lubbei sleeie is eveited ovei the iim of the disk 
A bandage is wiapped snugly but lighth ovei the iiibbei sleeie and limb pro\- 
imal to the disk This helps to support the disk and sleeie, insuie an tightness, 
and eliminate the piesciice of pockets iiiidei the sleeie The distal suiface of 
the lubbei disk is coated with siiigical jelly and clamped to the iim ot the 
jilethvsmogiaph aftei inseition ot the limb into piopei position in the plethjs 
mogiaph The whole limb is then elevated suffieienth to insine venous diain- 
age An oidinai-} sphygmomanometei cuff used foi ehildien is wuapped around 
the limb about inch (13 cm ) pioximal to the occluding disk and is used as 
a collecting cuff 


PHXSICAL CH VR ICTERISTICS OP THE AI PARATUb 

Companson of Vanous Types of Recoidcrs — In geneial, the vaiious types 
ol lecoider used b\ pievious iinestigatois fall into two gioups 

1 Those which maintain then deflection to a gnen inciease ot mtia 
pletlnsiliogiaphic \olumc bi means of piessuie built up within the jiletlns 
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mognph by the incienient of volume The JIaiei tamboui and glass spoon 
manometei" aie lepiesentatne of tins group This gioup hpieaftei mil be 
called pressuio i-eeoidere 

2 Those 11111011 mil fend to niainfain then deflection uitliout pressnie 
though a slight change in intiaplethismograpliie pressiiie is neeessaii to cause 
the initial deflection Biodie belloiis, piston lecoidti's and spiioinetei's fall 
into this group A single spiiometer and compensating spiioinetei's liaie been 
selected foi stiidi This group heieaftci iriU be called lolunio icioidcis 

The size of the tubing connecting the lecoider to the pletlnsniogiaiili should 
iar> nitli the tjpe of rceoidei Witli a pine piessiiie lecoidci siicli as the 
glass spoon manometei, small boic picssiirc tubing i lelds the best icsiilts With 
loliime recordeis such as the compensating spiiomcteis, laige boie tubing is cs 
sential We have found tubing ivith an intcnial diamctoi of 1 5 cm to be most 
satisfactoi'j Tubing of 100 eni internal diameter oi less iiitiodiices a definite 
lag in the lecoidcr Biodie'' and Abramson Zazeoln, and Wan ns ’ also found 
Hide boie tubing essential iilicn using lolumc iccordcis 

Frequency of the liccoi dci s —A Dile Scbiistoi pump mis so manned that 
0 ee of air ivere injected into and evfi'aeled fiom the plethismogiapli at the 
rate of about 50 ejeles poi second The eompcnsatin„ spiiometeis failed to 
register these oscillations The speed of the pump uas then „i idiiiUi deci eased 
and it ivas found that the compensating spiiomcteis icspoiided to the alfcinatc 
suction and pressure ulien these cjclcs occuiied iboiit tiiehc tunes pei second 
The pump i\as fuithoi slowed until the cseiiision oi Die eomiiens itiiig spiiom 
cters 11 IS maximal to each eielc This oeciiuod at 3 -1 ciiles jici scioiid ind ins 
taken to leprcsent the natural ficqiicnoi of flic locoidei Bi Die siinie metliod 
the natmal frequonej of a lepiesentatiic Maici t imboiii ii is 10 cicles pci sc< 
end of a glass spoon manometei 20 cieles pci soiond and of a single one of the 
compensating spiiometei-s 3 3 ciclospci second 

Ttie Effect on Vaiwus Itccorderi of I)iffe>ent 1 oluma of Ait in the Plcllnji 
»>ograpk — The iiibbei fnmboui and glass spoon manonictcis gaie incieasiiigli 
higher deflections foi the same incrcnient of iiletlnsmographic lolume as the 
nan lohimes incieased Single spiiometei-s and the compeiisatiiv spiiomctii 
?aie practicallj identical deflections no matlei iiliat the intiapkthisiiio^iapliic 
lolume of air might he 

When the loluiiie of an in the plethismogiapli compensating spiioiiiclei 
unit Has changed fiom 9 950 to 9,960 c e , a deflection of 9 cm occiiricd W hen 
the lolume was changed fiom 52 to 62 cc, a deflection of 9 15 cm occurred 
(Big 7) 

Hence, if one uses a pressure iccoidci an indnidiial calihi'atioii chart must 
he obtained foi each subject micstigated since ai-m lohinie iniies mtli each 
iiidividiial On the other hand, mtli a loliime tipe of recorder one niai use 
the same calibration chart foi anj subject 

The Effect of Various Eccordeis on Pressure tViOnn the Plcthijsinoqraph ■ — 
^Vitli a tjpical Waroy tambour, slow injection of 10 c c of water into the plctlns 
inograpli induced an intrapletln smograpliie piessiirc of about 90 mm of w itei 
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Sliglitlv gieatei pressuies weie induced bv the same amount of watei injected 
into the pletliv smogiaph when a glass spoon manometei uas used foi recoiding 
With the compensating spirometei a change ot 0 5 mm of watei pressuie will 
move the lecoiders appieciablv AYlien piopeily balanced the compensating 
spiiometei maintains a given deflection without appieeiable change of piessiiie 



Fig 7 — The effect of \arjing plethvsmographic \oIume on the deflection of compensating 
spirometers PV Pleth\ smograph \olume B base line PP pressuie in the plethj smograph 
recorded bj a jMare> tambour RT-RP room temperature and room atmospheric piessure 

4. Volume of the plethj smograph-compensatlng iiometers unit changed from 9 950 cc 
to 9 960 c c bj the injection of 10 c c of air into the piethj smograph The deflection of the 
recorder mas 9 0 centimeteis 

B, Plethj smograph excluded from the plcth% sniogi aph compensating spirometers unit 
leaJing a jolume of o2 cubic centimeters The injection of 10 c c of air into the compensating 
spirometers induced a deflection of 9 IS centimeters 


The Effect on Yanous Rccoideis of Changtnc) Envn onmental Piessxue and 
Temx>euihue — Ellis “ in 18S5, indicated that an an plethv smogiaph is v'eiv 
sensitive to changes of temperature Tumei,’” in 1937, le-emphasized this point 
We have found that all foiii tvpes of lecoideis studied vveie very sensitive not 
onW to changes in envii onmental temperatiiie but also to air piessuie Single 
spiiometei s and ]\Iaiey tamboui's vveie paiticulailv vulneiable to eiiors induced 
bv changes in eiivii onmental piessure oi tempeiatiiie In tact it was impossible 
to obtain accuiate flow cuiv^es on a vvundv dav oi in a place vvheie doors vveie con- 
tiniiallv being opened and closed On the othei hand, the compensating spiiom 
etei-s eliminate eriois induced bv changes of loom tempeiatuie oi piessuie, as 
discussed in desciibing the recoidei (Fig 5) 

fVLIBRVTIOX OF THE PLETHV SVIOlvV VIOGR VPH, USIXG THF 
COVIPEXS VTIXG SPIROVIETER FOR RFCORDIXG 

AYe thought it of inteiest to compaie calibiations of the plethv smogiaph 
bv the usual method of injecting Iniovvn volumes of fluid into the plethv snio 
giaph and bv a method wheieby the plethj smogiaph is pei fused with known 
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pulsating flow s Bj means of the Dale Schuster pump one can delivei i ei-j 
ncailj constant pulsating flows of amounts of fluid aarying fiom 0 to 500 
cc per minute The pulse contoui of the instrument simulates that of the 
lieait We liaie been unable to find ana icfeience to the calibration of a 
plethjsmogiapli bj the use of knoun pulsating floais 

Method ■ — • 

1 Injecting hnoiin Volumes of Fluid Into the Plethysmograph hy Means 
of a Synnge oi Buictte A section of luhbci Peniose tubing i\as placed in the 
pletlia smograpli, e\tending thiougli its entire length The tube uns clamped 
at its distal end The othei end opened to an outlet in the pro-simal end of the 
plctlnsmogiaph uheie it Mas eoiiiiccted to the deliiei'j end of a ceitified 100 
c c burette, aeeurate to 005 ee, and filled M itli watei Inci ements of volume 
injected fiom the biiiette Mcie then jilotted against the actual deflections of 
the lecoiding beam (Fig 8, line B) Rapid injection fiom a sjTinge or slow 
injection from the buiette ga\c the same calibration curie 

2 Perfusing the Plethysmograph With hnown Pulsating Flotts The Pen 
lose tubing Mas aiianged in the same war inside the plothjsmogiaph c\cept 
that the end Minch had been clamped was fastened to an inlet thiougli the distal 
end of the plothjsmograph A stopcock mos inserted in the outlet of the Pen 
rose tubing Water Mas perfused thiougli the tubing hi means of a Dale 
Sohustci pump The peifused Matei was measured in cubic centimeters per 
minute at least tM ice bofoie and once after each flow cun e m as taken The stop 
cock in the outlet Mas suddenly closed, thus tiapping Mater Mitliin the Penrose 
tubing, and a tiacmg of the iiicicase in intraplothj smogi apliic solume per unit 
of tune was obtained (Fig 9) Plow ciincs of perfused floMs ranging bctMeen 
10 and 400 c e per minute weie then obtained and the slope of each floM curve 
lias diawai Increments of \olumc of Mater collected Mere then plotted against 
actual deflections of the iccording beam (Fig 8, lines A, C, and D) 

Method of Measuring Uni nowu Plows Produced hy a Mechanical Schema — 
Baling obtained a calibration ciiiic one can deduce accuratch the increase in 
lolume Mitliin the plethi smograph fiom the lesultnnt evcuision of the record 
mg beam Unlmoivn floMs produced bi a mechanical schema aic mcasiiied as 
follows The plethj smograph is perfused with an unknoMai pulsating fioii de 
liveicd by a Dale Schustei pump as described pieiiouslj under Calibiation 
of the Plctlii smoki mogi aph The slopes ot the floii curies obtained iiheii com 
pensatmg spirometeis aie used foi iccoiding me piacticalli straight lines and 
therefore the flow maj be calculated bi am one of the foUoiiing methods (1; 
slope of the floii cuiic, (2) actual iiicicmciit of lohiiiic pci pulse beat, or (3) 
actual deflection of the rccoidci per unit ot I me All methods giic identical 
results Mitliin the c\pciimental enoi of about 1 pci cent We liaie used caleii 
hitioiis denied from the slope of tbc floii emu since tliLs iias found to be the 
most conienicnt method The slope of the floii eiinc is diaiiii A three , six 
01 ten second iiitcrial of time is mail cd oil along the base line of the floii cunc 
from the point iilicie the dope line inteisccts the ba^e line Prom the point so 
"htanicd, a pcrpcndiciil ii is elected to inlci-scet the slojie line The length ot 
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increase in volume 


Fig S — Calibration of compensating spirometers Tvitb flons of \arious magnitiuies 



Fig 9 — T^•plcal flow cun e obtained bj perfusing the pletlij smograph ^ ith knoii\ n pulsat 
ing floi\s and using compensating spirometeis for recording PV, Plethj smographlc aolume 
recorded b> compensating spirometers B base line PP plethj smographic pressure recorded 
bA a ilarer tambour (note that the maximal sustained pressure in the plethj smograph is 0 Uo 
mm of water) RT-RP, room tempoiatuie and room atmospheiic pressure 
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this perpcndiciilai line lepresents the imount of an displaced from the pleth'ss 
mograph into the recoider during the internal of time used From the calibia 
tion curve, the length of tlie afore mentioned perpendicular line ma\ be easih 
concerted to cubic centimetei's of -volume added to the plethj smograph per unit 
of tune ahd this figine then maj be expiessed as cubic centimetei's of flou pci 
minute 

Expenmenial Euo) of ihc PlefhysmoJ ymogiapli When a Mccliamcal 
Schevia TTas Used foi Peifusion and ihe Compen*(aUng Spuomcte} IFns Used 
for Recording — Hewlett and Van Z-walinvenburg,” in 1909 estimated that tlieii 
apparatus came -witliin 20 pei cent of measuring tiue blood flou in favorable 
eases On tlie otliei hand, Stead and Kunkel in 1938^ estimated tlie mstni 


Table I CoirpArisoN of Actual Fiow and Cxlcdlatjd Flow iv a Mfciiamcvl Schevla 
Using Comfensatino Sfirometers fop Recording 



ACTUAL FLOW 

1 CMCUI^TED FLOW j 

PERCENT VGF FRROP 

EXPFRIMEVT [ 

(C C PER MIN ) 

1 (C C PEP MIN ) 1 

OF C VLCULATFD i LOW 

1 

11 3 

11 O 

+18 

2 

12 5 

12^ 

0 


12 5 

32 5 

0 

4 

12 5 

12 5 

0 

5 

13 0 

33 0 

0 

C 

17 0 

170 

0 

7 

17 5 

17 0 

-2 8 

8 

17 5 

17 5 

0 

9 

17 5 

175 

0 

10 

175 

170 

-2 8 

11 

17 7 

18 0 

+17 

12 

21 3 

21 5 

+0 9 

13 

45 0 

40 5 

-10 0* 

14 

68 0 

68 0 

0 

15 

68 0 

68 0 

0 

16 

70 5 

69 0 

-21 

17 

100 2 

300 0 

-0 2 

Ifi 

116 5 

119 0 

+21 

19 

116 5 

338 0 

+1 3 

20 

1175 

3190 

+13 

21 

122 0 

120 0 

-16 

oo 

140 0 

338 0 

-14 

23 

146 0 

342 0 

-2 7 

24 

146 0 

345 0 

-0 7 

25 

152 0 

353 0 

-0 6 

26 

155 0 

150 0 

-3 2 

27 

160 0 

361 5 

+0 9 

28 

160 0 

]5o 0 

-31 

29 

160 0 

360 0 

0 

30 

224 0 

221 0 

-13 

31 

224 0 

220 0 

-1 S 

32 

224 0 

223 0 

-0 4 

33 

224 0 

220 0 

-1 8 

34 

224 0 

221 0 

-13 

3o 

282 0 

278 5 

-3 2 

3b 

282 0 

276 0 

-2 1 

37 

282 0 

27923 

-0 9 

38 

282 0 

275 0 

2 0 

39 

340 0 

339 0 

-0 3 

40 

340 0 

329 0 

-3 2 

41 

340 0 

337 5 

-0 • 

42 

340 0 

343 5 

+10 

43 

340 0 

339 0 

-0 3 

vverage error 



0 

No eiplfinatJon coulj 

be founl to necount for the mnpullu 1 of this 

error • 
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mental eiioi of tlion i)lotlnsmolvM)io^uiph to be i oi - It jiei (onl no\\c\ci, 
tliev lonnd it iicctssan to add 11 pei trnl to Ibc flows (abiilaled iioin ealibia 
lion eui\cs obtained bi the iii](ttioii of an into the iiletlnsmoj'i.iph fioin a 
S 3 iinge Pnn/metal and Wilson,'" usin*? an adapt ition of Lewis and Giant s" 
iiistnimenl (J12j), estimated the oxpenmental ciioi of the .ijijmialns to be 11 
pel cent ICiIlian .iiid Oelassen’- eslinialed the evpeiimonta! eiioi of a modifica- 
tion of Hewlett and Van Zwaluwenbuifr’s apiiaiatns to be ±11 pci cent 

The compensating spiioiiietci iccordei was studied in detail conccinmg 
its .itcuiaiw in me<isining flows within the usual limits of flow encoiinteied in 
llic luiman ann The findiii'as aie shown m Table I The poison who eakn- 
lated the flow fioiii flow ciinos bad no ide.i wbatsmiei as to wliat the actual 
flows weic 'J'lie lesults mac be stininiaiized as follows When < ompensating 
spiiomctei's aie used foi locoiding pulsating flows luodiucd be a mecliaiiKal 
schema, OS pci cemt of the ealculatcd flows be between -■2 and -4 jiei cent of 
file actual flow 05 jici cent of tlie calciilafed flows be between cnois amounting 
to -*2 and -3 5 pci cent, while S2 jiei cent of flows lie between ‘2 and -2 jiei 
cent of the actual flow The acciago eiioi in t.iltnlaling flows was -OSS pei 
cent 

AMM \L i„\ni linirNrs di-mom I) TO Ti-ST T/ir \ \i iniTv oi lui rvsnwi \i \i 
rRTNxirnrs oi ru rinsMOkc moor \i h\ 

Doc<! the Plcthyvnolipnofi) aph ^fco<!U>c Blood 1 low'’ — The incieave in col 
lime of <1 limb aftci inflation of a collecting cufl might be due to trapping ol 
incoming blood witliin the limb, displacement of fluid and tissue distallc fiom 
beneath the eolleeting cufl, oi tiansudation of fluid fiom the ca])illaiics to the 
tissues of the limb In the estimation of blood flow be the plethc smoke mo 
giaphic method it is assumed that the tiaiiping of incoming blood is the chief 
cause of the ineieasc in colimie ol the limb The initial ]ioitinn of the flocc 
cilice icpicscnts displaceiiicnl of fluid and tissue fiom heneath the collecting 
cufl and is disiegaicled in estimating blood flocc as ccas discussed be Hewlett 
and Van Zccaluccenbui g,'® oi is eliminated fiom the flocc cuicc meehanieallc , as 
discussed by Wiight and Phelps,’" oi iiianuallc, as discussed be Hewlett and 
Van Zccalmcenbiiig Dime and Jones"’ found that, aftci oeelusion ol the 
letuni of cenous blood fiom the legs, edema fonnecl in the leg at the late of 
0 017 cc pel minute pei 100 c c of tissue cchen the cue iionnicntal teinpeialuic 
ccas 16° C At 42° C 0 07 c c of cclenia fluid foimecl each iiiimitc pci 100 ec 
of leg tissue If one applied the lattci findings to a human aim of 1,500 e c coi 
lime cc'cn in a hot cmiionmcnt, onh’ about OIS cc incicase in columc would 
occur dining ten seconds aftei inflation of a eolleeting cufl Kiogh Landis 
and Tiiinei'"’ found that fluid accumulated in tissue spaces when cenous pics 
suie exceeded 15 to 20 cm of ccatci ‘When cenous ])iessuie exceeded 17 eni 
of ccatci, the latc of filtiation was dnectlc piopoitional to the incicase in cenous 
piessuic and an nicieasc in cenous piossiiio of 1 cm of ccatci inei eased liltiation 
late bj" 0 0023 cc pei minute pei 100 cc of aim Foi an aim of 1,500 cc 
columc, this filtiation late would cield a iiiaxiiiial incicase in aim columc foi 
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ten seconds of about 0 13 cubic eentimctci Lewis ' found that lenous pies 
sure eciiialed a collecting cuff piessiiie of 49 nun of nieiciiry in tliiitj nine sec 
onds 

It seemed luglilj probable fiom the foregoing iniestigations tint incoming 
blood could be the onl\ significant factoi icsponsible foi the inciease in aim 
loliime iihicli occurs dining the fii-st ten seconds aftei a collecting cuff is in 
flatcd about the human aim Hoiieiei, we liaie been unable to find am diiect 
eiadence that such is the ease Hence the following expeiiment iias peifoimed 



FIr 10 — Ivnoun flows of blood perfused through the isolated liincl limbs of a dog 
means of n heart lung preparation Pi' Pressure in the plothjsmognph recorded b> a "Marej 
nmbour PT PP room temperature and room atmo pherlc pressure PI pleth> mogranh 
volume recorded bj compensating spirometers IP venous pressure In the hind limbs of the 
uog B basn line Heavy vertical lines time In cconda light vertical lines time In one tenth 
second 

Using -i snnll dog imdei peiitobaibilal sodium ancstliesia a Iicait lung piepan 
tion -was unde of the iippei half of Uic aiiimnl Then tlic animal ins tianscetcd 
m the midliimbai icgion The abdominal aorta and tena ca^n of the louci halt 
of the animal wcie cannulntcd and the cntiic Iomci half of the animal "wns 
'scaled in the plctln siiiognph uith a dinpliiagm occluding the outlet of the 
pletlusmogiaph An inlet for aitciial blood and an outlet for ^(.nons blood 
from the louci portion of the animal -wcic passed tluougli the dinpliingni and 
joined to the afoic mentioned caiinulae in the ibdoniinal loita and ■\ena ca\a 
The lowei half of the anipial enclosed m the pkthvsmo^i*aph was tlion jieifuscd 
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l)lood the licait lung ])iti)aiation (Ittlusion oi llu* \en()iis letiun \\ns 
accomplished In clamping the \enous oullhm lube fiom the lowei h.df of the 
animal Thus flow cui\cs wcie ohlaimd \ simultaneous icioid of xdiom 
piessiue distal to the point of tlamping the \<nous letiiin was niadt (Pig 10) 
Actual flows in cubit ceiitimeteis pci niinnlc weic iiic.isnied b\ collecting the 
blood as It cmeigcd liom the \enoiis letuin tube llslmmlion of the blood flow 
fiom the flow eiine ehecKod ( ioseh with llic' aitii.il flow (Tabh II) We also 
noticed that tenons piessiiio lu gan to use at the inslant the tenons letuiii liihe 
was clamped (Pig 10) Puitheiiiioie aitciial inflow was unimpeded bt aback 
tenons inessuie of about 17 cm of walei 
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SUtItlAKt 

A new ictoidnig dctice (coiiipens itnig spiiomttri ) w.is dettlopcd, an- 
alt/cd, and compaied with othci Itpes ol letoideis tommonlt used in jilcthts 
mokt mogi apht 

A new method Icn ealibi.ition ol ph'thtsmokt mogiajilis is desciibcd 
Known flows actualh collected in cubii < entnnetei's jici niinnti' wcic comjinicd 
with flows calculated iioiii flow c elites 'Wlien the tompensaling spiiometei was 
used foi lecoiding blood flow, the disciepaiut between actual ind talculatcd 
tallies was small enough to iicimit the i*oneliision that this new cletiee elim- 
inates most of the eiiois inheient in olhm ttpes of lecoidei-s and can be used 
foi measiuing blood flow in human exticinities 

Rl II KI NCI s 

] Brodie, T G, nnd Uu'-'-iIl, t 1 On llic Ilcli nimiiition ol tin Idle of Blood Flott 
Tlimigli nn Organ, T Pll^J^Iol (Proi >32 Alt 11, leot 
2 Po/rali, G Clinical SignillcaiKO ol PI(tli\Miingra]iht Bifonim iiitd 37 212, in_l 









COMPFNS m\G PLETH\SMOK\ IIOGR VPn 


117 


3 nemck, J F Essex H E, and Baldes E J Obsenations on the Flow of Blood of 

tlie ludne^, Am J Ph^Slol 99 696 1932 

4 Lnndowne^ M and Katz, L N ^ A Critique of the Pletlusmographic Method of 

Measuring Blood Flow in the Extremities of ilan Am Heart J 23 644 1942 

5 Kubicek, G, Sedgi\ick F P and Visscher, M B Adaptation of Glass Spoon 

AUanometer to Physiological Studies Re\ Scient Instruments 12 101, 1941 
G Brodie, T G On Recording 1 ariations in \ olume bi ■i.ir Trnnsmis<Jion A 2sew Form 
of 'N olume Recorder J Physiol 27 473 1902 
I Abramson D I, Zazcela Herman and Marrus Joseph Plethvsmographie Studies 
of Peripheral Blood Flow in Man I Criteria for Obtaining \ccurate Plethysmo 
graphic Data, Am Heart J 17 194 1939 

8 Abramson, I) I, Zazeela, Herman and Marrus, Joseph Pletlusmograplnc Studies of 

Peripheral Blood Flon in Man II Physiologic Factors Affecting Resting Blood 
Flow in the Extremities Am Heart J 17 206 1939 

9 Elhs, F "W Plethvsmographie and \ nso Motor Experiments Mxth Frogs J Physiol 

6 437 188o 

10 Turner R H Studies in the Plusiologv of Blood Vessels in Man \pparatus and 

ilcthods a Sensitive Plethysmosphygmogrnph for a Portion of the Finger J 
Chn Inv estigation 16 777, 1937 

11 Hewlett, A W , and Van Zwalunenburg J G Method for Estimating the Blood Flow 

in the Arm Preliminarv Report Arch Int Med 3 2 j4 1909 

12 Stead F A Jr and Kunkel P Plethvsmograpluc Method for Quantitative Measure 

ment of Blood Flow in Foot T Clin In\ cstigation 17 711 3938 

13 Prinzmetal MiTon and tVil on Clifford The Nature of the Penpheral Resistance in 

Arterial HyTiertension "With Special Reference to the A a omotor System J Clin 
Investigation 15 63 1936 

14 Lewis, Thomas and Grant Ronald Ob crvations Upon Reactive Hvperaenua in Man 

Heart 12 73 192o 

15 Kilhan, J A, and Oclasscu C A Comparative Effects of Mater Baths and Mustard 

Baths at A arvang Temperatures on Rate of Peripheral Blood lion m Man, Vm 
Heart J 16 42o 19oS 

36 Hewlett, A M and Ian Zualuuenburg T G The Rato of Blood Flow in the Arm 
Heart 1 87, 1900 1910 

17 Wright G M , and Phelps Kenton A Comparison of Procedures for Increasing Blood 
Flow to Limbs Using an Improved Optical Plctliv mograpli J Chn Investigation 
19 273, 1940 

38 Hewlett A W and "N an Zwaluwonbuig 1 G The Pul e 1 Ion in the Brachial Artery 
I Technic and General Consideration Vrcli Int Med 12 1 1913 

19 Drurv, A N and Tones, N W Observations Upon Rato at Which CEdema Forms 

M lien "N eins of Human Limb \.re Congested Heart 14 55, 1927 

20 Krogh A Landis E M and Turner A H Tho Movement of Fluid Through the 

Human Capillary AVnll in Relation to \cnous Pressure and to the Colloid 
Osmotic Pressure of the Blood J Chn Investigation 11 63, 1932 

21 Lewis T Force Exerted by Minute \cs els of the Skin in Contracting Heart 11 

109 1924 

2*’ Lewis, Thomas The Blood \ es els of the Human Skin and Their Responses, London 
1927, Shaw &, Sons, I td 



DEVICES FOR RAPID RECORDING OF jMULTIPLE AND 
SPECIAL ELECTROCARDIOGRAPHIC LEADS 

Abraham Lirni rso\, I\I D , \\d A Ai li n Goi dbi oom, jM D , F A C P 

New York, N Y 

P erhaps the greatest ad\ Alice in modem clectiocaidiogiaphj is the cm- 
plojment of special exploinig loads (diicct and senudnect) that aic ph3S- 
icallj closei to a paiticulai pait of the heait and legistei inoie intimatclj^ its 
clectiical aetult^ The theoictic impoitancc of such leads Mas long lecognized 
b 3 Moikci-s m tins field but foi the sake of siniplicitj and convenicnee, so that 
eleetiocaidiogiapln could come into Avidespiead use, the limb leads Meic em- 
phasized as the exclusive staudaid Now with the antciioi surface of the heait 
being studied In multiple chest leads, the posteiioi surface and base Inmiultiple 
esophageal leads, and the indnidual, separate chamber’s of the heart (such as 
the light auricle) b\ leads speeialh suited to the stiidj, piomisc foi ical advance 
in electioeaidiographi' is high It is important, however, to detei'mine wliat the 
particular usefulness of a special lead is and also which leads aie so infoiraative 
that thcv should hi right be used loutineh in electioeaidiogiaphv, the added 
nifoimation will moie lhan compensate foi the extra elToit in leeoiding the 
tiaciiigs Definite headwai has been made in this legaid, but much menial 
work such as obtaining iioimal standards for a gnen lead, comparing it with 
similai ones, and outlining its limits of usefulness still lemanis to be done It 
was felt that this task could be expedited and made less unpleasant if special 
apparatus were designed to accomplish this tiiie of multiple lead lecoidmg wnth 
speed Tlie apparatus to be dcsciibed* is flexible enough to lecoid speedih 
almost ever 3' lead that has been proposed to date, and should be useful not onl3' 
in this preliminai3’' period when the standard of special multiple leads is being 
established, but also later in the loutiiic lecoiding of the multiple lead electio- 
cardiogiam which promises to be the tiacing of the futuie 

Switch Sox — The siMtclnng dciico i\hich permits rapid recording of multiple leads uitli 
out the moving of Mires on the patient or the machine is slionai in Fig 1 It consists of a 
main selector snatch and tno auxilinn snitches nlimli arc interposed liotncon the patient and 
the electrocardiograph All manipulations for the ^election of leads are accomplished at this 
snitch, the electrocardiograph alnavs recording the selected lead on its fixed Lead II setting 
Five shielded wires run from the patient to the snitch, one from each extremity (the right leg 
being used as a ground nlien the other three extremities are connected to the Wilson central 
terminal) and a fifth one from either the precordium or am other area to be explored From 
the snatch run the EA, LA, and LL nires of the electrocardiograph at connector marked ECG 
Although onl 3 Lead II (EA and LL) is neccssaiy for the recording, the snitch makes all its 
grounding connections for an 3 selected lend through its LA terminal This insures a base line 
free of A C and other extraneous interferences, so that the snatch box max be used nitli the 
newer tvpcs of direct imting electrocardiographs that are so sensitive to A C interference 

From the Medical Sen ice Beth Israel Hospital 
Receixed for publication Oct 14 1947 
•Made bj Medical Designs Brookijai N T 
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The mam selector switch permits recording not onlj of the conventional leads but aho 
of the chest leads most commonly emplojed precordium right arm (CR) precordium left arm 
(CL), precordium left leg (GF), and precordium ilson central terminal (V, m ulnch all 
three extremities are connected through equal 5,000 ohm noninductiie resistances to fumi h a 
point of zero potential) t There are also settings on the snitch for obtaining the potential 
of the right arm, left arm or left leg, tint is the unipolar limb leads witli the il on terminal 
as the indifferent electrode (Vn V^, and Vp) The eomplesis obtained nith the ^ n ^ l and 
^ p leads tend to be Braall Tracings of higher amplitude arc ecured bj ‘shunting out of the 



FIff 1 — Snitch box 

Circuit the oOOO ohms rtsistaiico from the cxtrcniit> that is being explored nhilc beeping the 
ftsistors of the other two cxtromities in the Wil'^on hookup Tlic c the augmented ^\il on 

Unipolar leads, can lie recorded bj turning the snitch to the aVj n\ r or aVp settings 

Vs seen m Fig 1, there arc tno adjuvant snitches used in conjunction mth tlie m iin 

•'lector snitch, the left hand one is for multiple loads taken from the front of the heart 

(prccordial), and the right hand from the back of the heart (c ophagcil) 1-or takin„ singh 
prccordial leads the exploring electrode (fifth patunt nire) is used and the precordial nit(-h 
IS set at prccordial (feTD) If the iniiUipIc prccordial lend bolt, to lx de crilicd later is uM’d, 
the tracings from the six prccordial electrodes arc taken in "uccession by u<k; of nitth • tting 
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1 to 6 inclusne The iinin permits i choice of four indiifcicnt points for prcoordi il 

registration, that is, the right arm (CR), the left arm (CL), tlie left log (CF), and the 
Wilson terminal (V) For esophageal tracings the eleven tcriiiinal esophageal kud, to be 
described later, is plugged into the selector suifeh and fracings fiom eich of the elcien 
esophageal levels are tahen in succession on the appiopriato setting of the esoplmgeil switch 
Here there is a choice of fiio iiidifTcrent points foi loupling with the esojiliageal lead right 
arm (En), left arm (El), left leg (E, ), precoidium (E,.) or Wilson terminal (Ei) Eor 
the past thirteen ■\ears we- Imc been atcustomed to recording the esophageal le id with the 
exploring electrode connected to the RA terminal ind the indifTcrcnt electiodo to the LL 
terminal, so that the resultant tricing (tihcii the same wni ns lead 11) should resemble the 



Pig 2 — Multiple prccordial lend belt 

precordial and conventional leads This direction was followed b\ Brown^ but is opposite to 
that used b\ Njboer,4 Grajbiel and Wiite,= and otlicis It is a sinijile m itter to reverse the 
direction of the tracing bv use of a simple throw switch marhed Polaritv Reverse on the left 
side of the switch box This swatch reverses the polaritv not onlv of the esophageal lead, but 
also of anj of the other leads when desired 

Multiple Precordial Belt — A modification of the elastic lubber belt desoiibed bj Geiger 
and GoernerO has been found verv effective in the rapid recording of multiple precordial leids 
(Fig 2) The belt is made of high qunlitv flat rubber belting about 1 inch wide and -12 
inches long Six flat Geiman silver disk electrodes about 3 cm in diameter aic spaced I cm 
apart toward one end of the belt Soldered wares run from the disks through a six prong 
Jones connector and join the other five leads to form the eleven lead patient’s cable (Fig 3) 
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This cable plugs into the smtch box at tho connector marhed To Patient 4. hook on the 
free end of the «itrap fits into the proper liole punched in the belt making for easj adjustment 
of tho elastic belt to the c.ize of the che<it The onlj precordial placements that need be deter 
mined are the positions of electrodes 1 (right edge of sternum in the fourtli interspace) and 6 
(niidmaxillar} line in the fifth interspace) The a\erage technician locates these tno points 



Fiff 3 — ric\cn Icul inticnts cixblo 

easili enough The other four eketrodes ho nutonmticnlK at equal distances from 1 to G 
The Baling in time 111111 this technique is npprccinblc For still greater speed the follon 
>ng practical points nini be noted Tho rubber strap is laid across the amis of tho electro 
cardiograplnc chair before tho patient seats him elf aioiding the clumsi procedure of 
I a sing the belt around the patient s back A thin Wier of electrode jiaste is applied to 
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the six; electrodes Tlio sixth electrode is first pl-iced in the proper position With tlie 
free end of the belt hold in the loft hand, the belt is put under tension uith the right 
hand until electrode 1 Ins reached the proper position (right sternal edge) It is onlj then 
tint the electrodes 1 to 5 arc permitted to touch the clicst One can thus see the fifth disk 
falling into its proper position, then the fourth the tliird, and so fortli If the amplifier tipe 
of electrocardiograph is used, no further rubbing of the skin is necessarj Atith tlio string 
tipe, the electrodes mar have to be rubbed up and doun to reduce skin resistance, particularh 
if the chest is hairv The sire of the female breast introduces no difiicultj uith this teclinique, 
for the breasts are al\\a\s lifted and the belt is set in position beneath the mammarj folds 



Fig 4 — Elei en-electrode esophnBcal lead 

Esophageal Lead — The esoplngeil lead designed for this stud^ (Fig 4) is similar to 
Kjboer s'! The essential difference is that In an improvement in production technique an 
eleven electi ode lead can be built into a Ko 12 Fr Lcian tube, uhercas to date tius could be 
accomplished onlj in the larger 14 Fr or 10 Fr size Tlie 12 Fr tube can be readili pasted, 
even in children A special Leiin tube uliich has no openings in the end is used so that no 
secretions can penetrate to the inside Ele\en nnrrou German siher rings spaced 3 cm 
apart are attached to the tube A separate insulated inre leads from each ring through the 
tube to its appropriate post in a tuelve prong Jones connector plug The tuelfth prong of 
the plug connects to the electrical sluelding of the cable that runs to the snatch box (not 
shown in Fig 4) The technique in use with the esophageal lead is as follows The patient 
IS first reassured about the safetj of the procedure The rubber tip of the esophageal lead 
IS lubricated for about an inch or two wath a little mineral oil Through the more patent 
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no«itrjl the tube is rapullj passed bejoml the posterior phai^-nx, ^^hlcll is likely to be the most 
stn'^itivc part, do\Tii into the esophagus The patient is asked to sip some uater through a 
>jtm\\ or drinking tube while the lead is being pa sed This preoccupation uith drinking 
[icrnuts the load to be passed ^Mthm about ten seconds to tho proper level (the lowest electrode 
being placed 55 to 60 cm from the nares, ns indicated bj a mark on tho tube) It is rareh 
nocc’^’arj to use a local anesthetic for nose or pliarjnx The patmnt is instructed to take a 
deep breath if uncomfortable or nauseated In general, within a minute tho patient will ha^e 
liccorae calm after the initial excitement of passing the tube It will take, however, another 
fi\c minutes or so for tho esophagus to make its adjustment to the presence of the Levin tube 
m its lumem During this time tho position of the esophageal electrodes maj be checked 
fluoroscopicallj if desired and the other connections can be made from the switch box to the 
patient’s extremities and precordium By the time the conventional leads and precordml leads 
Iia\o been recorded, tho esophageal lead can bo taken from each of the eleven e^iophageal 
le^el3 in succession, using the esophageal switch This fi\e or ton minute waiting period 
after passing the esophageal lead, as well as the electrical shielding of the esophageal cable 
cuts down tho drifting of the ba^e line that is such a disturbing feature of esophageal elec 
trocardiogrums It is to be noted that with the eleven electrodes spaced 3 cm apart the entire 
base and tho posterior aspect of the heart are explored as far as the esophagus permits wath 
out the necessity of moving the esophageal lead up or down from its original placement In 
contrast, most esophageal leads used until now have employed n single or onlj a few elec 
trodcs and have had to bo manipulated up and down the esophagus to cover the electrical field 
desired The consequent retching and esophageal contractions cau'se much drifting of tho 
base line and numerous artifacts m the tracings The amplifier type of machine is better 

suited in general for the recording of esophageal electrocardiograms because of the high 

resistances found in the esophagus On the other hand wo have taken ^erj satisfactorj trac 
mgs using the eleven electrode esophageal lead and a standard string gahanometer 

COMMENT 

The denocs outlined aio being utilized m an c\tensi\e stiidj of the useful 
ness of the manj special and multiple leads suggested for tlie moie intimate 
exploration of the heart and its separate chambei-s Our findings will be 

leported at a later date when our data aio moie complete It is considered 

woith while, howoiei, to dcsoiibe at this time the diffeient deaiecs designed to 
speed up the investigation, foi similai studies must bo made hj luimcious in 
vestigatoi-s and tlie findings coiiclated before a proper evaluation can be made 
of the usefulness of anj pioposcd lead Tlie end in view of sucli studies is tho 
estahlisliinent of tho v aluo of certain leads to the point w here then inclusion in 
routine clcctioenidiogiaphy would be justified There aie other leads which, 
although not of sucli universal significance as to become loutiiic maj still be 
found most suitable foi a special studj of a particulai pait of the heart Thus 
tho exact visefulncss and also the limitations of a del nation such as the cso 
pliagcal lend, coming in contact with tlie left aiuicle and tho base of the left 
vcnlrielc, could be cstablislicd Tins tijic of stiidv is tedious and time coiisum 
mg, anv deuce that simplifies the proceduic appeals to us woithj of desciiption 

Tlie mam selector switcli with its adjuvant multiple piccoidinl and cso 
pliagcal switches permits tho rapid iccording of piacficallj all leads whicli haie 
been proposed to date Tlio multiple csophigcal and piccoidinl leads can be 
connected fnitlier witli a nunibei of points ns the indifferent electrode (light 
arm, left nnn left leg AVilson ccntial teimiual, etc), and the inliie of these 
different deriiations can be compared Although from the theoretic point of 
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View It may be best to couple all evploiing leads villi the Wilson teiminal, 
enipiiically ve, as veil as otliei’s, have found instances in vliieli otliei deinations 
weie moie infoiinatne Wliiche\ei deiivations will stand the test of time, it is 
likeh that they can be casih legisleicd vitli the multiple svitch box desciibed 
Gieat pains have been taken to shield all the leads used in this stud\ so that 
the devices could be employed vith am eleetiocaidiogiapli, e\en the diicct- 
vniting electiocaidiogiaphs that aie so sensitive to A 0 inteifeience The 
machines that incoiporate the instomatic principle of bunging the beam to the 
mid-line befoie switching to the next lead aic paiticulaily suitable to tlie rapid 
lecoiding of multiiile leads Ileie one need only pi ess the instomatic button 
and tuin the multiple lead svitch fiom one position to the othei, and the ma- 
chine is ready vithiii a fev seconds to lecoid the new selection 

The technique desciibed foi l.iking multiple piccoidml leads is sniiilai to 
the one used by Geigei and Gocinei*" and is ad\ocatcd because of its simpliciG 
and speed Oui expeiienee with this bell technique almost esaeth dupheates 
theiis The diffeience betveen iccoids obtained mtli this technique and tiie 
individual placements advocated bv the Ameiican Heait Association' appeal 
minimal and of little, if anv', clinical siginfic<ince Eesults can be duplicated 
bettei with the belt than with the six individual placements, vvhethei the phv- 
sician 01 the technician dctcimnics them Fmtheimoie, in the belt technique, 
the fixed i elation of the electiodes to the thoiax lathei than to the heart appeal’s 
more sound, theoietiealh, in the stinh of mam aspects of heait disease (axis 
devnation, bundle bianch block, caidiac livTieitropliv ) than does the standard 
method 

The esophageal lead which we introduced in 1934“ has not jet been widely 
employed, mainlv' because of technical difficulties These hav'c been overcome 
largely bj'^ the new design of the tube which can be passed easilv enough to be 
used when indicated in anj' case except perhaps in terminal decompensation or 
during the first few weeks of a coronary occlusion The switch which permits 
rapid recording from each of the eleven esophageal levels in succession saves so 
much tmie that the taking of an esophageal lead no longer can be looked upon 
as a formidable procedure Once the phy^sician convinces himself bv actual tiial 
that this IS time, he can icadilv transmit this 'confidence to the patient, and the 
field of usefulness of the esophageal lead widens immeasuiablv 

SUMJIARV AND CONCLUSIONS 

Three devices designed for the rapid legistiation of multiple leads are 
described The multiple switch box with a limb lead selector, multiple ine- 
coidial lead selector, and multiple esophageal lead selector is the mam device 
Aside from the different chest leads (CR, CL, CP, and V), Wilson’s unipolai 
limb leads and augmented unipolai limb leads can be obtained readily A single 
piecoidial lead or six multiple piecoidial leads can be coupled with anv of four 
indifferent points, and the eleven-electiodc esophageal lead with am of five 
indifferent points 

An elastic multiple piecordial lead belt is desciibed which facilitates the 
rapid recording from six piecoidial areas bj*^ pluggmg into the swutch box 
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A thin eleven electiode esophageil lend which plugs into the selectoi switch 
IS descnbcd The proceduie of recording an esophageal lead has been simplified 
so that it maj be applied to any case except senoiis acute caidiac incidents 
It IS hoped that these devices maj prove of use to other investigatois who 
are studjing the comparative usefulness of special and multiple leads in elec 
troeardiogiaphv 

■\\e nre deep!} indebted to the Into Dr Frank Liberson and Dr I W Held i\lio<5o con 
‘•f'lnt inspiration made this studj po'^ailde 
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DETEKMINATION OF VOLATILE EEDUCINO SUBSTANCES 
(ALCOHOL OE ETHEE) IN BLOOD AND GASES USING BAEITOI 
DIPnENYLAi\IINE SULFONATE AS AN INDICATOE FOE 
CHEOMIC ACID TITEATION 

Allan HrMivG\VA\, Lro Alli n Bfrnat, and JosrPH MASCHMcyrR 

Minnpapolis, Minx 

I N THE deteimniation of volatile i educing substances (piiniaiily alcohol and 
etliei) in blood oi in an the usual pioeedine consists of absoibing these 
^olatlle oiganic substances in sulfuiic acid, adding a knovn amount of potassium 
dichioinate, and o\idming the alcohol oi cthei to acetic acid by the chiomie 
acid The excess diehiomate is then dcteinnncd eithei eoloiimetiicalB or by 
titiation 

With the coloiimctiic method as used bj Gibson and Blotnei (1938) and 
NevTiian and Abiamson (1942), the oiganic substances aie oxidized to acetic 
acid by chiomic acid and the dichi ornate lesiduc, consisting of chiomie acid 
and cluomic sulfate, is deteiinined In absoiption of light in the legion of nave 
length 440 to 480 millimieions This method, vliile lapid, has the tliiee follow- 
ing disadi antages (1) The lelation between the logaiithm of the gahanonietei 
leading and ethei (oi alcohol) concentiation is not a stiaight line but is slightly 
convex (2) Since light is absoibed bv both diehiomate and cluomic sulfate it 
is iiecessaii to calibrate the aiipaiatus iiith cthei (oi alcohol) solutions of laiovai 
concentiation Due to the liighh lolatile iiatuie of ethci and alcohol and the 
affinity of alcohol foi watei, the ])iepaiation, stoiage, and dispensing of stand- 
aid solutions foi ]iieeisc voik is a task icquiring unusual piecautions in tech- 
nique (3) Foi small quantities of blood the diehiomate cluomic sulfate mixtuie 
has low spectiophotometiic sensitivity 

The titiation method has been used vidclv Excess diehiomate aftei oxida 
tion is titiated with a suitable i educing solution and a ledox indicatoi lodo 
metric titiation of excess noni educed diehiomate vas used by Shaffei and Eon 
70111 (1923, NeiMiian (1936), McNally and Coleman (1944), Widmaik (1922) 
and otheis, while Haigei (1935), Cavett (1938), Levine and Bodanslcj’’ (1939), 
and Fisk and Nelson (1941) piefeiied feiious sulfate solution containing methj 1 
oiange The methyl oiange-ferious sulfate solution was used in piefeience to 
the oldei lodometiic titiation because of the niisatisfactoiy titiation end point 
of the older method 

In the present investigation the coloiimetiic method using the Eiehn 
colorinietei was used and was lejected foi the leasons alieadj gnen Titiation 
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using the feirous sulfate metlijl orange mixture, ivas tned but rejected because 
the titration end point was not sharp The ledox indicator barium dipbcml 
amine sulfonate nas next ini estigited, using the filiation procediiie described 
by Kolthoff and Sandell (193S) This indicator, m the piesence of phosphoric 
acid, gave a sliaip end point mth the coloi changing fiom \uolet blue to coloiless 
For titrating a sample of dicbi ornate equualent to one inilbgram of ether nitli 
20 mis of a solution of feiions sulfate a fi action of a drop of the reducing 
solution Mas suffleient to cause a sudden and striking change of color Tins 
mdieatoi Mas adopted foi the dcteimination of alcohol and ether in blood or in 
air inth the pioceduie mIucIi Mill be dcsciibed 

METHODS 

Ucagcnts — Peiious sulfate, stoel solution Dissolve 50 Gm of PeSOi 7H 0 
m 150 ml of Matei Add 30 ml of concentrated sulfuiio acid and dilute to 250 
milliliters In a stoppered flask the solution Mali undergo onlv slight oxidation 
Barium diphenjlamme sulfonate, stock solution DissoUe 01 Gm banum 
diplieni lamine sulfonate in 100 ml of m atei 

Perious sulfate indicator solution for titration To 15 ml of the ferrous 
sulfate stock solution and 20 ml of the indicator stock solution add Mater to 
2000 milliliters 

Potassium dichiomate standnid solution AVcigh out exactlj 5 295 Gm 
K Cl 0, (Slallinokrodt's analjtical lengcnt), dissohe in water and dilute to 
one litoi One milliliter of this solution is equia alent to 1 mg ether 
Sulfuiio acid, C P Concentiated 
Phosphonc acid, C P 85 pei cent 

Procedure fot Detei mining Pthet in Blood — Widmaik flasks (Catett 1938) 
of 50 ml capacita Mith T 24 standard tapered Pjrcx stoppers Meie made Fig 
1 A It IS desinble in prepaiing these flasks to make the glass rod bj means 
of Mhich the cup is suspended from the stoppei ns shoit as possible This pro 
'cuts the cup (2 5 ml capacitj) fiom dipping into the chromic acid at the 
bottom of the flask 

To deteimine ethci iii blood the blood is diaMm into a syringe Mith a drop 
of satuiated potassium oxalate filling the needle and needle tip of the siiinge 
The blood is diaMTi Math care to exclude bubbles in the sxringc and is discharged 
mto a tMO Maj stopcock pipette Mhich contains appioximatelj 0 25 ml of Matci 
m one arm Pig 1, A This pipette is made to contain approximateh 1 ml in 
the lower aim The aoliime of the lowei aim is caiefullv determined Mith 
meicun or standard solution Blood is discharged from the sariiigc as shoMn 
ui Pig 1, A, and it ascends in the Iomci aim tlirough the stopcock to the upper 
anil Mhich does not contain the watei Approximately 0 5 ml of blood Mill 
ascend aboae the stopcock The blood exposed to air as it ascends in the pijictte 
"ill lm\e lost ether to the air aboac its surface This blood Mill be rejected 
The stopeocl IS iioM closed, the saringc icmoicd from the pipette and the loMcr 
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tip of the pipette held above the cup of the Widmaik flask The stopcock is 
turned to the aim containing the uatei, the blood is diained into the Widmaik 
cup and is washed from the pipette uith tlie 1 ml of watei The Widmaik 
flask IS stoppeied immediately A SMinge pipette also has been used and found 
to be satisfactoiv 

Eithei 1 0 01 1 5 ml oi standaid dichiomate solution fiom a dispensing 
biuette aie iilaecd in the bottom of the WidmaiJc flask and 3 0 ml of coneen- 
tiated sulfiuic acid aie added Similai quantities of dichiomate and sulfuric 
acid aie measuied out foi a blank and placed in a glass-stoppeied 50 ml Eilen- 
mejei flask The blood and uasli uatei aic placed in the Widmaik cup as 



rife 1 — A, Blood pipette and sjiinge WidniniK Unblt H gni i inipling bulb and ether 
absorber Ct burette for storage and dispensing of solutions ^^itll NoKtile solutes 


desciibed and both the AYidmaik flask and the Eilenmejei flask transfeiicd to 
an o\eii at 80° 0 foi foui hoiiis The solutions aie lemmed then and it Mill 
be obseiied that the blood has haidened to a cake by eyapoiation Aftei cooling, 
3 ml of concentiated phosphoiie acid aie added and the solutions aie titiafed 
m the same flasks yyith feiious sulfate containing diphent lamine sulfonate The 
luimbei of milligiams of ethei in 100 ml of blood is given by' the foimiila 

Tn - Tx 100 ,, 

Etlier (mg) in 100 ml of blood = ^ ^ 
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where Tn the titntioii A line of the blniiK (milhliteis feiious Sulfate solu 
tion) 1\, the titntion a nine of the unknown, V, the volume of the sample 
to he nnalyred, N, the numhei of milliliteis of the standaicl dichiomate solu 
tion, and e, the leducing equnalent m milliliteis of fcirous sulfate solution 
of 1 nil of eoneeiitiated sulfuiie acid which is determined as explained latei 

Procedure fot Determining Ether in Av — ^The air ether mixtuie is collected 
in a gas sampling hulh of approximateh 60 ml whose exact loliime is deter 
mined In calihntioii The sampling bulb has a one wax stopcock at the bottom 
and a two wax stopcock at the top and is connected to the bulb as shown in 
1 ig 1 71 The uppei stopcock of the gas sampling bulb is joined with a 
short lulibei connection to a glass capillaix tube which is then connected to a 
long 100 ml tiilie (an old 100 ml buictte can he used foi the purpose) The 
100 ml tube has a stopcock at the top and bottom, and at the start is filled by 
suction to the uppci stopcock with 50 per cent sulfuric acid The gas from the 
sampling hulh is tiansfciicd to the long absoibcr tube and disiilaccs the sulfiiiic 
acid Aftci all the gas has been transfcired appioximatelx 10 ml of ether 
free an arc washed fiom the stopcock at the top of the sampling bulli thiough 
the connecting tuho to the absoibcr The stopcocks at the bottom and top of 
the ahsother aio closed the connecting tube is disconnected fioni the sampling 
hulh and the absoihei is shaken foi about one mmiitc and allowed to stand ten 
nunutes The contents of the absorbei aie then transfoiicd to a 50 ml xolu 
motric flask, the ahsotbei is washed with appioxiniatelj 5 ml of 50 pei cent sul 
func acid xxlucli is transfciicd to the xolnnictiic flask and the flask is made up 
to 50 ml with 50 pei cent sulfuiic acid Thiee millilitci's of the eontents of the 
xoluinetiie flask aie placed in a glass stoppei-cd Erlenmcjer flask containing 1 50 
ml of the standaid dichiom do solution, tlic flask is allowed to stand at room 
tcmperatuio foi thiitx minutes This solution and a flask containing 3 ml of 
50 per cent siilfuiie icid and 1 00 ml of standaid dichroiiiate are titrated at the 
same tine The aiiioiint of ether in 100 ml of the an ethei mixture is computed 
from the following foianula 

Etlicr (mg) in inn ml of nir ctlier niixtiirp = — 

Tn - 1 o e \ 

"here Tn is the titration xalue of the blank in the flask T\ the titiation xaluo 
of the unknowai, c the reducing equixalciit of the sulfuric acid used V tin 
xoluinc of the gas sampling tulic in millilitcre N the lunuher of milliliters ol 
•lichromnte, the xoluinc of the xolumetrie flask 50 ml and the pipette xoliimc 
1 milliliteis 

Test for Reducing Pouci of Sulfnne Acid — Sulfuric acid contains a x iii 
able amount of reducing mateiial, possible SO xxhich reduces fcirous sulfate 
In itianx samples of sulfuiic acid there aie no icducing substances Tor accurate 
analxscs in cstmi itc must he made of the reducing power, e, of the sulfuric 
acid used in the procedure Tins is done bx placing in a senes of six Erlcn 
mejer flasks 1 ml of the standaid dichromate and 0, 1 2, 3 4, and 5 ml of 
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concentiated sulfuiic acid To each flask, 3 ml of coiieeutiated phosphoric acid 
aie added and the solutions titiated The titiation values are plotted against 
milliliteis of sulfuiic acid, and the leducing poivei, e, pei niillilitei of sulfuric 
acid detei mined This titiation must be made foi each new bottle of sulfuiic 
acid used The value of e has not exceeded 0 5 nil of tlie feiious sulfate solution 
used foi titiation All samples of pliosphoiic acid tested veie found to be fiee 
of 1 educing substances 

Test foi Oxidation of Acetic Acid — In the Nicloux oxidation of ethei and 
aleohol, as given bj the following ecpiations, tvo assumptions aie made, namely 
(1) that all of the aleohol (oi etbci) is oxidired to acetic acid, and (2) that 
none of the acetic acid is oxidized 

4KCi O, + l(Cir,Cn ) O + loirso, 4KS0, + 4Cr (SOdj + OCItjCOOII + 19HO 

2K Cr,0, + tCIIjClT OU + SII SO. 21C SO. + 2Cr (SO,), + 3Cn,COOII + IIH 0 

If these assumptions die lalid, the oxidation pioeeeds as shown by the equations 
and an equivalence can lie eoniputcd wlicieby 1 niilligiam of ethei is equivalent 
to 5 295 mg of potassium diehi ornate and 1 mg of aleohol is equiialent to 4 259 
mg of potassium dielii ornate It is ncccssaij to detenniue, as pointed out bi 
Shaifei and Roiizoni but ignoicd by niaiij' latci -ttoikeis, vhethei or not oxida- 
tion IS complete and vhcthci oi not acetic acid is oxidized A nnmbei of expeii- 
ments weic peifoimed to deteiniine whcthci acetic acid i\as oxidized undei the 
conditions of the expeiimcnt A solution of acetic acid containing 1 68 mg of 
acetic acid pei milliliter of solution was piepaied and tested foi oxidation Foui 
solutions, each containing 1 ml of standaid dichi ornate solution and 3 ml of 
concentrated sulfuiic acid, weie piepaied (in quadiuplicate) and tieated m the 
following way (A) Blank — titiated vith feiions sulfate — diphenj lamine sul- 
fonate solution at loom tempeiatuic, (B) 1 ml of acetic acid solution added 
and titrated at loom tempeiatuic, (C) Blank (chiomic acid alone), heated foi 
foul houis at 80° C , (D) 1 ml of acetic acid solution added and heated in an 
01 en foi foul houi-s at 80° C The lesults are contained in the following table 


SOLUTION 

CONDITION 

TITRATION 

VALUE 

EQUU ALENT 
ETHER (mg ) 

A Blank 

room temperature 

23 so 

1 00 

B Blank vith 1 ml 

of acetic acid 

room temperature 

23 S3 

100 

C Blank 

S0° 0 for 4 hr 

23 09 

1 00 

D Blank nitli 1 ml 

of acetic acid 

80° C for 4 hr 

22 99 

1 009 


It IS to be noted that the oxidation of acetic acid equivalent to 1 mg of 
ether is less than 1 per cent in teims of the eiioi involved in ethei analysis, and 
hence is so small that it can be neglected Howevei, on comparing A and C it 
is to be noted that theie is a loss of appioximately 3 pei cent in the oxidizing 
powei of chiomic acid when kept for foui hours at 80° 0 This lesult lequiies 
that the blank chiomic acid be tieated m the same manner as the chiomic acid 
which absoibs ethei, namely being kept with the ethei absoibing solution at 
80° C for four houi-s 
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^ I jn o' th*' scsadard s> ati^iL: 

Dit*iUrUon Txnf — A "".ar raad^'- o t 2 ni>=' rejmrjoi ro* <L-— 

r^ Z^f. 2 , f Th^ tar*' 'tII "irh "a*' snrixir^ «_re2 aao 
iLrc. r^ th«=- r^o <=0 ii'^onr in J'*'- Vionu;’^ Sasb taa l= *n«^ <=-‘‘r«-*-^n''axia 2 
" a ■^n m ta*:- ^np and tif'' revnaa ^'^arom £»u<i a t_e l-o— ^'m o“ 

*-* fa a, Fr/Jry^-ms ar*' 02*2 on o’ Tmi a standard so^n^i >n 

in hiryyl 



,2 p»ir •'“lin- 

'‘ 5 A per eenr 

O' ,2 per i***^-* 
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With the Widmaik flasks used, foui houis in the oven veie lequired foi 
complete distillation althougli distillation was 90 pei cent complete aftei tvo 
houis Distillation is not complete until the Mood sample is hard and caked 

DISCUSSION 

The Widmaik method of deteimining ethei (oi alcohol) in Mood has the 
advantage of eliminating a distillation piocess, which peimits a coiisideiahle 
saving of time It does lequiie, howeiei, a wait of foui houis foi ethei to 
diftuse fiom the solution in the cup to the lecenmg solution at the bottom of 
the flask Wheie speed in analysis is not essential, the convenience of this 
method is an adiantage The foui-houi peiiod in the men vill cause a loss of 
the oxidizing povei of the dichiomate vliicli vill amount to as much as 5 pei 
cent This can be collected foi In placing the blank chiomic acid in the oven 
with the ethei sample The method used In LcMiie and Bodansky (1910), in 
■which the sample of blood containing alcohol vas absoibed hi a flltei papei and 
suspended within a flask eontaming ehioniie acid, vas found to be unsatisfacton 
due to the diopping of invisible particles of dust oi diw mateiial fioni the papei 
into the chiomic acid (Anderson, 1942) Rapid tiansfei is effected hr this 
method but iiiegulai lesults aie obtained In using chiomic acid foi absoiption 
of less than milligiani quantities of ethei, it is necessaiy to use sciupulously 
clean glasswaie and to avoid dust pai tides AU open flasks must be coveied 
and only the cleanest of Stirling lods, kept dust free, can be used It was the 
customai-^ practice in a senes of titiations to discard the fiist blank titiation 
wdiich wms usualh low, probably due to dust If rapid analysis is necessaij' and 
if the delaj due to ether transfer in the AVidmaik flasks is to be avoided, a dis- 
tillation similar to that described bv McNally and Coleman (1944) could be used 

A pieeaution which is lecomiiiendcd is that chiomic acid cleaning solution 
he avoided in cleaning the glasswmie Tiisodium phosphate cleaning solution 
has been found to be satisfactoij for this puipose 

The reagents to be dispensed, including feiious sulfate, sulfuiic acid, phos 
phone acid, and standard dichr ornate, are all delivered from burettes A 2 ml 
buiette IS used for the standard dichiomate, and 50 ml burettes are used for 
the concentrated acids These acids are delivered to the burettes from an all-glass 
reseivoii and connecting system by pressure Phosphoiic acid is used as a stop 
cock lubricant for the burettes containing the strong acids, but is not highh 
satisfactory since a slight sticking of tlie stopcocks will occur Some of the 
silicone gi eases might be useful for this puipose A minimum amount of grease 
must be used on the stopcocks of the buiettes containing the potassium dichio 
mate and the ferrous sulfate 

In using the ledox indicator, baiium diphenylamine suKonate, the indicator 
can be added in a constant amoruit to the dichiomate solution The indicatoi 
itself undergoes oxidation and reduction, hence a collection is tlieoieticallv 
lequired This correction cancels out and the step in the analjsis which regimes 
addition of the indicator can be eliminated if the indicator is added to the 
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ferrous sulfate reducing solution The total leductant then includes both the 
indicator and the ferrous sulfate and the mixture is standardized against a 
known amount of potassium dicliromate This piocedure has the disad\antage 
that uhen onlj a small amount of chiomic acid lemains uni educed in the solution 
and onh a feu milliliteiN of i educing solution aic needed the amount of in 
dicator piesent ma\ he insufficient to piodiioc a well defined color This diffi 
cult} can be avoided h\ adding sufficient excess dichiomate uhich is ahva\s a 
safe procediiie in an^ e\cnt since if the amount of dichiomate is insufficient for 
the ether present the aiiahsis is spoiled -Vn estimated excess of 0 2 to 0 5 ml 
of standard dichromate uhich lequncd 4 to 10 ml of the ferrous sulfate in 
dicator solution uas found to he satisfactoiv 

In evaluating the piesent method in compaiison with othei methods de 
senbed in the literatuie (Levine and Bodnnskv 1939) the piesent method is 
found to be unique in possessing a sliaip well defined and highlv chromogcnic 
end point The titration method lelies foi standardization and ealibi'ation 
on a single standard solution of potassium dichiomate which is a reagent readih 
available in a highl} puiificd fotm and theicfoic makes an excellent standard 
It IS not necessarv as is icquiicd with the coloiimetoi method to calibiate with 
standard solutions of alcohol oi ethci These aie requned in the colonmetei 
method because the color developed aftci leduction of pail of the chromic acid 
hv alcohol oi ether is due to both dichiomate and chi’omic sulfate Furthennore 
^Mth the colonmetei method it is not possible to use the complotelv oxidized 
dichromate and the complotelv icduced dichiomate that is chiomic sulfate as 
limiting values on a calibiation giapli since tlie calibration curve of loganthm 
of colonmetei leading plotted against ether (oi alcohol) concentiation is not 
a straight line and the dev lation is greatest at the limits 

SUMMARY 

A method for dctemmmg ctlici (oi alcohol) in blood and gas mixtures is 
desciibed The method consists of a distillation m a "Widmark flask with 
OMdation of the tiansfeired alcohol oi ether bj chromic acid Excess chiomic 
acid IS titiated with feirous sulfate using baimm diphenvlamine sulfonate as 
an indicator 
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RECTAL ABSORPTION OP PENICILLIN 


Emvnuei E jr\\DFL MD,* Chicago, III, lnd 
Jamfs D Thv\er, Ph D ,t Stvten Islvnd, N Y 

S INCE the carh clajs of tlie pemcillm era destruction l)^ fecal enz\raes has 
been legal ded as one of the mam obstacles to cffectne lou intestinal absoiii 
tion of penicillin ^ Results of moie lecent m\estigations on this subject arc 
contndictoi\ Absoiption fiom ligated loops of the colon of rats ^\as de 
termined" to be neailj the same as that fiom the duodenum Other authors® 
repoitcd tlie penicillin uptake fiom isolated segments of the laige intestine of 
cats to be inferior to duodenal absoiption In a man \Mth a fistula of the colon 
penicillin actnih in blood and luinc \\as negligible (2 3 per cent minaiA 
ieeo\cn ) aftei intioduction tliiough the fistula of 0 3 million units in solution ® 
In apparent contiast to these observations Loeuc and associates” obtained 
theiapeutic seium concentiations with the i-cctnl use of penicillin suppositories 
(up to 0 77 unit per milliliter one liom aftci insertion of one million units) 
The statement bj Davison” that lectal suppositones will maintain a thera 
peutic level foi twenty foui hours ’ is piobablj based on those findings Stimu 
lated b\ this same lepoit Baiach and co workers” introduced penicillin in 
aqueous solution icctalh onh to find no demonstrable blood level Nevcitheless, 
*1 papei fiom the Jfavo Clinic^ which appealed wliile the piesent studv was in 
piogress listed i*csults compai iblc to Loevve s, as pioduccd with penicillin sup 
positoiies 

In view of these disci epniicies and because of the lack of conclusive informa 
tion on quantitative penicillin absoiption fiom the lectum the present work was 
undertaken 

EXPERUIENTb VND METHODS 

All experiments \\ere performed on ndult male liurann subjects between the ages of 18 
aud oO and on tuo children as indicated below all of whom had no apparent organic intestinal 
disorder Penicillin v\as administered rectalb m cocoa butter suppositories cocoa butter 
capsule<j gelatine cap ulo and by microcljstcr and insufflation and the resulting antibiotic 
actiMtj of blood and urine i\as determined For reasons of comparison parenteral and oral 
administration ncre also studied 

The suppositones (Table I) were made b\ mixing drj penicillin with cocoa butter at 
50 to GO C to which ^^as added a small amount of peanut oil or kaolin m the first few trials 
and 2 per cent beeswax in. the later ca es The streptomjcin suppositories used in four 

The first part of this report Mas prc<ientecl at the Thlrtj First Annual Meetlnff of the 
ye<^ration of American Societies for Experimental Biology In Chicago Maj 2 ^ IDl” (abstracted 
In Federation Proc C 3 j 3 1047 Part II) 

Rcccl\ed for publication Jul> 2 I94( 

pltal W U S Public Health Ser\ Ice Chief of Medical Seia ice U S Marine Hos 

tBactcriologist U S Public Health Seiaicc "Venereal Disease Research Laboratorj U S 

'larine Hospital 


The Journal OF Liaboratopv and Clinical Medicine Ffbruapv, 1948 ^OL 'IS No 2 
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tiiils (Table I, Cases 12 to 15) were prepared m the same manner, t\\o such suppositories, 
each containing 0 25 Gm , nero inserted two hours before a penicillin suppository A cleansing 
saline enema was given in this and in the subsequent gioup of expeiiments one to three hours 
before the test to those subjects in whom satisfactorv elimination had not occurred earlier 
the same morning No such enemas were used in any of the following experiments 

A microclyster (Table II) was prepared bv dissolving penicillin in physiologic saline 
(100,000 umts per 5 ml ) Injection into the rectum was performed through a rubber 
catheter, the patient remaining on the side in order to preient le ihagc 

Cocoa butter capsules weie made by placing dn penicillin in the center of the cold mold 
which had been covered b\ a layer of hardened coco i butter One or two drops of the melted 
oil closed the opening, forming the base of the suppositor's capsule which was then Kept 
under lefrigeiation until immediately before adiiiiiii--tration (Table 111) 

Insufflation of penicillin was carried out through in anoscope into the rectum of five 
subjects (Table VI) A small amount of water soluble Inbiicant was applied to the outside 
of the instrument before its introduction 

For penicillin assay as shown in Tables I, II, iiid \, the Food and Diug Admiiiistratioii 
cup plate methodic was employed in the urine and a modific ition of RaminelKanip ’s methodi 
in the serum*' In the latter determination, the susceptibility of the lyophilized hemohtic 
streptococcus strain used as the inoculum averaged 0 015 unit per milliliter 

Penicillm assay listed m all other fables (^ ibles III, IV, VI, and VII) was performed 
by means of (1) a modification of rieming’s microniethodist and (2) a serial dilution method 
similar to Kolnier’s'o employing the Staphylococcus auicus strain 209 P as the test or 
gaiiism f A number of specimens wore subjected to parallel tests In either method, as in 
dioated in the tables bi two figures representmg one specimen 

Sticptonncm in the urine was determined according to the method of the Food and 
Drug Administiation if* 

RESULTS 

Absoiption of penicillin tioin a suppositoiy was pionipt and xapid (Tabic 
I), the highest blood level in e\ciy' case Avas found in the fiist blood specimen 
taken, the fifteen-ininutc IcacI, A\hencAei obtained, exceeded the half-houi lead- 
ing aaIucIi 111 tuin AAas niAaiiablA liighei than the lesult of the one-houi sample 
Most significant in this connection AAas the otciiiience (Case 5) of sudden 
diaiihea ten minntes aftei the suppositoiA^ aaos inseited, the blood titei fii'c 
minutes theieaftei, as Avell as the penicillin excietion in the six-lioui niine 
specimen, eompaied aacII aviIIi the lespectne findings in othei tiials in Avluch no 
such loss AA'as obseiAcd Penicillin activitA of the seiuni aaos still aa’cH assayable 
aftei six hours AAhencvei deteiniined in Cases 1 to 11, and aftei nine lionis m 
Cases 8 and 11 (tAVO subjects leceiving high dosage) In all instances in Avhieh 
fiactional mine samples Aveie examined, the quantity of penicillin excreted m 
the first thiee houis exceeded the amount found in the folloAAing nine houis 
and amounted in most eases to moie than 50 pei cent of the tAA eiitj^-f our lioiii 
leeoAmA' The lattei langcd between 3 6 and S3 pei cent, a mean peieentage 
lecoA'eiA of 6 3 

‘These assays weie carried out at the Areneical Disease Research Laboratories U S 
Mai me Hospital Staten Isiand N Y 

teamed out at the Depaitment of Biochemist!'} Northwestern Uniiersit} Medical School 
Chicago 111 (Chief Di C J Fanner ) 

tUnpublished method b} Miss Helen MacLean Department of Bacteriolog} Mloliael 
Reese Hospital Chicago 111 
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Tabie I SEruii Lf^ei's and Ufinap^ Eacpftion oi Pemciliin Following Rfctal \d 

MINISTRATION OF AMOPPIIOUS SODIUM PENICILUN BT COCOA BLTTEP SUPPOSITOPY 









1 PFrCENT\rE OF DOSE 




SFPLM LEVriS (UNITS VEV ML ) , 


ENCRFTFI) 



(MILLION 

[ Hours i 

1 HOI PS 

CASE 

I'NITS) 1 

1 

1 > 

1 1 1 

3 

I B 

1 3 

1 1- 1 

24 

1 

Oo 



0125 

0 03 

0 033 
(7 hr ) 

- 

4 5 

5 7 

2a 

05 



0107 

0 025 

0 018 

- 

74 

75 

3b 

05 

0 833 

0 7ii 

0 214 

0 03 


68 

70 

70 

4c 

05 

0 214 

01S7 

0 075 

0 02d 

0 02a 

30 

4 2 

42 

sa 

05 

0 37 





- 

3 3 

(G hr ) 

- 

6 

05 


0 545 

0 OVo 



78 

- 

_ 

7 

05 


0 214 

0 Id 

0 015 


38 

- 

- 

S 

1 0 


Od 

0 187 

0 10/ 

0 003 

_ 

o2 

8 3 

D 

10 

1 0 



03 

(!'/ hr ) 

0 042 

0 Old 

- 

63 

74 

1 0 

U 7o 

OG 

0 15 

0 03 

0 042 

23 

_ 

45 

lid 

10 

12; 

0 75 

03 


0 107 

25 

4 9 

o4 

Pa 

05 


0 lOG 

OOlS 

0 

0 

2 0 

_ 

3 0 

13c 

(2 hr after 
ptreptora^cm) 









05 


012d 

oos 

0 

0 

1 7 

O ” 

3 1 

14b 

(2 hr after 
etreptoravcinl 









05 

0 j 

0 IS, 

0 no 

0 015 

0 

4 7 

C 1 

C I 

15 

(2 hr after 
streptomTcml 









05 

0 05 

0 025 

0 

0 

(I 

08 

1 b 

10 


(2 hr after 
ptrcptornvcin) 










Letters a b c and d Indicate same patients subjected to different experiments 
0 Less than the minimal amount of penicillin Inhlbitlnp the test organism 
Serum level at nine hours In Case 8 0 003 Cose 0 0 Ca e lid 0 0 3 


The rectal application of stieptonircin preceding the iiibcition of a penicillin 
suppositon (Table I, Cases 12 to 15) caused an apparent loneriiig of penicillin 
'alues in both blood and unne Tins fact is paitieiilaih olnnons nhen the re 
suits in Cases 12 to 14 aie compaicd Mitli those obtained in the same patients 
without the use of stieptomacm (Cases 2 to 4) Aftei three horns penicillin 
activitj of the blood was at oi Iielow the scnsitiMts limit of the test organism 
In all urine specimens collected in Cases 12 to 15 the streptomj cm content 
"as either minute (Case 14) or not dcmonstrible a result expected from in 
vestigations of oral ingestion ‘ 

In the retention enema gioiip (Table II) peiiicillui actnits in the serum 
tested m each ease in as manj samples as in the suppositon soiaes was found 
to he eithei aery loav (maximum was 0 05 unit per millilitei at six hours iii 
Case 4) or not assaaable at aU Also the total urman iccovei-j was generalh 
less m the saline gioup The cjuantita of pemcillm excieted during the first 
collection peiaod w as iisiiall} sinallci than m the subsequent sample m contrast 
to the piedominanth maei'se latio in the foinici seiacs 

The findings m cases ticated aiith cocoa butfei capsules (Table fill were 
m part similar to those expcneuced m the suppositoij trials with early peaks 
of the blood levels and a peniciUm excretion predominant rvitlim the first few 
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Table II Penicillin Excretion in Urini Foiiowing Administration oi Amorphols 
Sodium Pemciilin bx Bfctai Microclx sti r 



1 

PFRCFNTUE OF DOSF FVCPETFD 


1 DOSAGI 

Hours 

CASE 

i (Mil LION UMTS) 

S 1 12 1 14 



1 

0 1 

1 0 


2 5 

25 


0 

0 0 




1 1 


3 

05 



1 5 

] 5 


4e 


03 


so 

8 7 


5e 


02 


0 S 

1 2 

e 

Same patient subjected 

to different experiments 




Table 

III &FRLM LEVEIS and UriNAPX EXCFITION OF 

Pfmciiiin 

rOLIOUING 

Its Rectal 


Administration 

B\ Cocov Butth Caisule 








IFRCFNTAGE OF DOSE 



1 SFJ UM 

IFVFIS (1 NITS 

I FF MI ) 

I VCFFTED 


DOSAGE 

1 IIOI PS 1 

1 HOLTS 

CASE 

(Mil LION UNITS) 

1 V. 

1 V. 1 

3 

1 5 1 

0 21 

1 

0 2 nmorphous sodium 


2 0* 


24 8 

30 4 






23 8* 


2 

0 2 amorphous calcium 

SO’' 



21 5 

22 5 






32 5* 


3 

0 2 amorphous calcium 

2 50 


0 08 

15 4 

10 8 



4 0* 


0 25* 



4t 

0 2 crxstatlmo sodium 


1 28 

OOS 

25 0 

26 2 

5t 

0 5 crjsfTllme sodium 

12 8 

. 64 

04 

28 8 

35 2 




(1 hour) 




6§ 

0 1 nmorphous sodium 

2 56 


0 04 

145 

- 

7? 

0 2 crystnlhne sodium G 

5 12 


016 

172 

181 


♦Results determined at Noithwestem Unnersltj 

tDefecatlon occurred ten minutes aftei inseitlon or capsule 

tSev en j ear-old boj m eighing 50 pounds Serum lc\ ol at fl\ c hours 0 32 

§SlN-j ear-old boj 'uciEhing 45 pounds 

houis The excretion latio of 26 2 jici cent in Case 4, wlieie defecation occiiiied 
ten niinntes aftei insertion of the capsule, dcseites special attention The 
gieater height of the seiiim letels and the ateiage iiiinaii lecoveijr mtio of 
about 25 per cent make this method fai siipeiioi to the simple siippositoiies 
With the use of lectal gelatin capsules^ (Tables IV and V), the uiinaii 
penicillin excietion ivas geneialh lowei and tvilliin a much uidei lange, allon 
mg no mean value to be computed The seium eonceiitiations hkeuise ueic 
lowei than those shoum in Table III The half-houi leadings in Cases 1 and 4 
weie higliei than those of the eailiei lex els, and latei uime specimens often 
contained moie penicillin than the fii-st tliice lioiii collections, suggesting a lela 
tive dela 3 ’ m absoiption 

In the insufflation expel iments, the actual amount of penicillin leachmg 
and adheimg to the mucosa vas siueljr less tliaii the qiiantitx obtained fioiii the 
commeicial xials, since diffusion of some of the powdei ovei the iiinei suiface 
of the instillment and ovei the examinei ’s face and clothing xvas noted following 
every such pioceduie Theiefoie, the tine absoiption latio foi the peiiicilbn 
xvhich lemained in the lectiim is undoubtedly bettei than appeals flora Table VI 
Still, most lesiilts heie aie compaiable with those found mth cocoa bnttei 

•Gelatin capsules Rectal No 1 Parke Daxis Compnnj Detroit Midi 
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Tabif 1\ ^erum Ii\ei«s \m) UnN\rY EvcrETiov or PrMciniN FoiLO^viva Its Rectal 
Admivistpation b\ Gelatin Cm sule 


CASE 

DOSAGE 

(MIIIION UNITS) 

1 SFItUM lEVUS (ITNITS IFF ML) 

PERCEN'TAGE OF 
DOSE FNCRETED 

IlOUKS ! 

HOURS 

1 >'’1 1 y 

1 1 1 ■ 

- 1 3 

1 3 

1 15 24 

1 

0 - amorphous calcium 

t) 08 1 28 



5 3 

14 0 


0 2 amorphous calcium 

0 2j* 


0 

2 3* 

10 3 

3 

0 2 amorphous calcium 

04 



9 2 

13 5 

4 

0 5 crystalline socluim 

2 56 5 12 

0 8 

18 0 

22 7 



2 0* 4 0* 

1 0 



ot 

0 2 crystalline sodium 

0 » 

0 12 » 

0 

182 

- 

Gi 

0 5 crystnllme sodium 

32 

04 

oos 

- 

- 


•Results det<-rmhiccl fit Northwestern Unhersltj 

0 Less than 0 06 whicli is the scnsiti\it> limit of the test organism u eil 
tS-ime child as in Case C Table III 


Table A Pjmciitiv Evcpetiov in Upinf toLiouiNc Rlctvi Vdmimstration oi Oo 
Miiiiov Units ot Cri\sTtLLiNF Sodium Pfmciiun d\ Geiatin Capsuif 


eVSE 

! EPCrNTVOF OF DOSE ENCPETED 

HOURS 

1 3 

1 o 1 

24 

1 

3 7 

4 8 

7 2 

2 

1 2 

43 

ul 

3* 

03 

06 

10 

4 

0 1 

4 1 

o8 

5 

8 7 

10 7 

18 0 


Defecation occurred at the sixth hour 


Table VI &ERUJt Le\els and Uhin\py Eycrltion or Penicillin FoLLOtviNo Rectvl In 
SUFFLATIOV OF 0 2 MlLIION UNITS OP AMOPPIIODS CaLCIUM PENICILLIN 


eVSE 

SERUM LEVELS I 

(UNITS IFR Ml ) 

PFRCENTAGE OF DOSE 
EXCRETED 

REMAPJvS 

HOUPS : 

HOl RS 

y. 1 >/ 1 3 

3 1 6 20 

1 

1 28 

30 7* 34 5* 

iecai scvbala visible m rectum 


1 0* 



2 

>1 6 0 08 

14 7 

Inpufflatiou done after liquid def 


80 

22 1* 22 3 

ecation mufth backfire 

3 

80 

33 3 

Scybala visible in rectum 



49 9* 


4 

20 

15 3* 17 4* 

Marked dilTu ion 

o 

0 64 0 

54 57 

Some fecal matter visible in rec 




turn marked diffusion 


Results determined at Northwestern University 
0 Less than 0 04 the sensltivltj limit of the test organism 


T\bll VII Serum Levels and Urinary Excretion of Peniciilin Following Admims 

TRATION OP CRVSTVLIINE SODIUM PENICIILTN BY INTRAMUSCULAR INJECTION OF AN 

Aqueous Soiution and d\ Ingestion in a Geiatin Capsuie 
One Half Hour Bffope Noon Meal 


' 


SERUM LEV ELS 

PERCENTAGE OF DOSE 



(UNITS PER ML ) 

EXCRETED 



HOURS 

HOl PS 

CASE 1 

(miliion units) 

Yi 1 y 1 3 

3 1 24 


^ 0 1 (intmmu cularlv) 10 24 0 IG 69 2 <0 9 

'so 0 2o* 

2f 0 5 (orallj ) 2 56 1 6 0 08 39 4 43 8 


Results determined at Northwestern UnUersItj 
tSame child ns In Cn e > Table III 
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capsules in legaid to both speed and degiee of systemic uptake The piesenee 
of much fecal mattei (Cases 1 and 3) did not seem to inteifeie noticeably ivitli 
absoiption 

DISCUSSION 

Eeetal absoiption from a penicillin solution is moie eiiatic and less prompt 
and efficient than fiom a suppositoiT oi cocoa butter capsule containing the 
drug The leason for this could be passage of enemas into the pioximal portions 
of the colon-^ with more limited absorption capaeitr and exposure of penicillin 
in the aqueous medium to bacterial peiiieillniase action On the other hand, a 
supposrtory or capsule remains in the lower rectum just above the sphincters 
■where absorptron is enhanced bj the hemoirhoidal \enous plexus rvith its portal 
and caval comnrunications-^ , besrdes, penicillinase aetmty is unhkely in an oih 
medium This distinction nr absorption between iienicillm suppositories 
and enemas appears both to confiim and explain tlie contiadietoiT experimental 
reports referred to 

The rapid initial absorption from a simple stipposiloij' associated with a 
lelativelj low blood level and uiinarw excretion, when fiist obseiwed, indicated 
a retention nr the rectum of most of the drug The caih descent of the blood 
level w'as piobablv not due to penicillinase interference, since it takes sereial 
hours to record nr nr vitro emulsions of stools with penicillin a maiked loss of 
antibiotic actuitj ® j\Ioieo-vei, the sticptomjcm suppositories given in oidei 
to combat colon bacillus aetnit's and to inciease penicillin absorption were 
found to depress the latter (Table I) These facts pointed to the accumulation 
in the leetunr oi the oilj" mateiial and to its intimate contact with penicillin as 
impoitaiit inteifeiing factors The cxpeimicnts with insufflation and with cocoa 
butter capsules, coirtaiiiiug the vehicle in smaller quantity and unmixed with 
the antibiotic, seem to hare borne out these conclusions, the efficiency of absorp- 
tion here is about fourfold 

The mostly disappointing results witli gelatin capsules maj be accounted 
for by slow oi picomplete disintegration of gelatui and/oi by possible adsoip 
tion of penicillin to the dissolved gelatin oi to the lubricant used in some in 
stances 

The insufflation expeiimeiits, inaccuiate as ther may be, suggest that absorp- 
tion from pure dry penicillin applied directly to the rectal mucosa is prompt and 
therapeutically significant No noteworthy local irritation was observed nr these 
or nr anj other of the experiments reported 

The type of penicillin used, as indicated nr the tables, does not seem to 
have had a noticeable bearing on the results 

The accuracy of all the findings tabulated, save for the saline group, is 
impaired by the inevrtable loss of penicillin incur red in the preparation of the 
raiious suppositories and capsules, estimated at 5 to 10 per cent Dosages as 
listed in the tables are, of course, copied from the labels of the vials from whicli 
the dnrg was obtained The true serum aird excretion values, theiefoie, in eacii 
such experiment must be regarded as somewhat higher than tabulated Need- 
less to say, the error inheient nr the methods of bio-assay enrplo'^ed is consider 
able (±20 per cent) / 
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In iin cnse, the a^el'^"c cxcietion latio of penicillin applied rectnllj eithei 
insufflation oi in cocoa liuttei capsules appeals to amount to no less than 
one fifth of the absoiption coefficient of injected penicillin (Table VII), ^\hlch 
ranges between 60 and 100 pci cent ^ “ Thus the i octal loute is not inferior 
to the oral loutc uliich pioduces an n\eiagc penicillin absoiption of 20 per 
cent‘s ^ This is also c\ident fiom a compaiison of the icsults of oial adminis 
tration (Table "N II, Case 2) ^\lth those of icctal admmistiation (Table III, Case 
5) in the same child AVilh the othci methods of application tested the absorption 
ratio IS lo^Ncr The usual lapidita of absoiption from the cocoa butter piepaia 
tions seems to lule out aiij significant interfcicncc bj bacteiial action Furthei 
tnals ^nth diffcient menstiaia and iinpio\cmcnt in the manufacture of supposi 
tones it IS hoped uill icical an c\cn gieatci cfficicnc\ of penicillin absorption 
fiom the loctum and male it a useful means of systemic administration 


SUMM VR\ 

The absoiption latio of penicillin fiom tlic icctnm is chicfl} determined 
In the method of adminisUation It is ^cl^ Ion after microclj sters of 
penicillin solution, about 6 pci cent in tlic case of cocoa buttci suppositories, and 
subicct to nidc ^nl^ltlons nith gelatin capsules Absoiption of penicillin in 
sufflated oi applied in cocoa butter capsules into the icctum is equnalent to 
uppei intestinal absoiption The clinical use of tlic icctal route seems to de 
pend upon ultimate selection of the most suitable \ chicle 
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PARENTERAL NUTRITION 

III Studies on the Tolekvnce of Dors to Intravenous Administr \tion 
OF P\T Emulsions 

Hariei S Collins, M D , Lisdeth M Krvft, D V 51 , Thom \s D Kinnea 51 D , 
Charles S D vatdson, 51 D , John Touno 51 D and Fredrick J Starf 51 D 
Boston, 5Iass 

DREI^IOUS woik in tins laboritoiv lins denlt with the piobleiii of fat eniul 
^ sions suitable foi intnicnoiis admmistiation ' “ The desiiabibtj of fat as 
a part of parcnteial niitiition is eiident as a means of securing a high caloric 
intake with a minimum of fluid lolumc With a sufficientlj high caloric intake 
the utilization of protein fioin paientcial souices would be maximal, the de 
stniction of bode protein as a lesult of a ealoiic deficit would be minimal and 
it ought to be possible to iinproic consideiabh the nutritional status of a 
seieielj emaciated child oi adult That emulsions gi\en intiavenoush are 
utibzed has been sliowai in the dog ba gain m weight ba total carcass anahsis 
for fat and hi change fiom negatixe to positnc nitiogen balance ba increising 
only calorics as a result of inti a\ enous fat ’ 

In the studies pieiioush repoited, a 15 pci cent fat emulsion was infused 
into dogs at a slow rate Granulomatous lesions weie found principally in the 
lungs and spleen and to a less extent in the In or aftci daily infusion for thirta 
to nineta days The fat emulsion contained in addition to fat a soybean 
phosphatide ptcparation as a stabilizing agent this matcnal may have been 
pnmanlj responsible foi these histopathologic lesions The puipose of the 
present study is to report obseiw ations on the following the tolerance of dogs 
to emulsions of 30 per cent fat and to the rapid admmistration intraa enoiisly 
of such emulsions the length of time infused fat remains in the blood and 
whethei the fat or the stabilizer is pnmaiilj responsible for the granulomatous 
lesions 

EAPEBIMENTAL 

A total of Sixteen adult mongrel dogs was used in these studies The fat 
emulsions were infused into the leg icins as usual The preparation of the fat 
emidsions was similar to that previoush used and the composition is given in 
Table I Total plasma fatty acids aveic detcimined bj the method of Bloor 
the hematologic studies were made bv the usual techniques, and the determina 
tions of biomsulfalein elimination, plasma phosphatase and plasma cholesteiol 
components w ere as prev louslj described ’ In spite of an epidemic of distemper 
which developed while the experiments were in progress the fat infusions were 

f - From the Department of Nutrition Harvard School of Public Health the Departments 
“lologlcal Chemlstrj Jledicine and PatholoRj Har\ard Medical School the Department 
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weight loss occuiied duimg this second peiiod of fat infusion uhich was similai 
to the firat peiiod in the emulsion used, the total amount of fat given, the late 
at which it was guen, and the numbei of davs the animal was infused Indeed, 
theie uas a gain in u eight of 1 4 kilogiams The dog appeared perfectly iioinial 
at the end of the experiment Biomsulfalein tests done peiiodically thioughout 
the complete experiment (sixt'v-six da 3 ^s, see Fig 1) suggested at times a 
modeiate impairment of livei function as pieviouslj noted," but results fre- 
quently veie noiTual 

At post-moitem examination tins animal (Dog 50) shoved gianulomatoiis 
lesions in the lungs which weie similai to tliose desciibed pieviouslj’’ ^ These 
consisted of small nodules of two oi thiee giant cells suiiounded bj’ lound cells 
Theie weie also seieial laigei collections of lound cells and polvmoiphonuclear 
leucocjtes that weic not associated vith giant cells Small collections of macro 
phages with j’-ellow pigment weie in the alveoli Laige collections of poly 
niorphonucleai leucocytes weie seen in the poifal aieas of the Inei but without 
gianulomatoiis lesions oi fatty metamoiphosis Theie weie collections of lound 
cells in the kidnej and seiOial laige nodules of hmiphoid and plasma cells and 
fibiohlasts No giant cells veie obsciicd The heait, spleen, gastiointestinal 
tiact, pancreas, adienals, hmiph nodes, blood lessels, and biaiii veie nonnal 

Sections of the lungs of the othei dogs of Expeiiment 1 that vere aliye at 
the completion of the expeiiment showed appioximateh four lelatiielj- small 
gianulomatoiis lesions pei lov-povci field The Ineis of Dogs 52 and 48 shoved 
polj’moiphonucleai leucocytes in the poital areas Theie was no fatty meta- 
moiphosis of the liyei in am of the animals Theie was j’ellowish-broivn pig- 
ment in the spleen and h mph nodes The othm oigans weie noimial 

Expeiiment 2 — The object of this expeiiment vas to deteimme whethei 
the fat 01 the phosphatide was piincipalh lesponsible foi the gianulomatoiis 
lesions that had been obseived folloving infusion of fat emulsions In tlus 
expel unent a total of six dogs was used Thei weie divided into thiee gioups 
of tv’o each and foi the fiist two vecks of the study veic fed hoise meat and 
dog chow ad libitum though food consumption lecoids weie kept During the 
next two weelcs the amount of hoise meat and dog chow fed daih vas aibitiarilv 
cut to half the aveiage daih amount of the first tvo-veek peiiod At the begm- 
ning of the thud peiiod (tv enti -ninth day of expeiiment) all the dogs leceived 
intiavenous infusions in addition to the amount of lioise meat and dog chow 
giyen in the second peiiod with the reduced rations One group received Emul- 
sion IIM (15 pel cent fat) , the second group. Emulsion 13 (2 per cent fat), 
and the third group. Emulsion 14 (no added fat) These infusions veie gnen 
daily foi the next thiit’^-two da-ys in the amount of 12 to 14 ml per kilogram 


bodj’’ weight per day and in a period of tventi minutes The experiment was 
terminated on the sixtj’-fiist daj foi one of the dogs receiving the 15 per cent 
emulsion and for both of the dogs lecening the 2 per cent emulsion The 
remaining thiee animals iveie infused for foiti more dais, though the two dogs 
that had received Emulsion 14 without anj added fat were permitted ad libitum 


oral feeding Since the response in weight for the animals in eacli group was 
similar, only one weight curye foi each group is given, these are in Pig 2 
Hematologic and chemical data obtained on these dogs are given in Table lH 
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DAYS 

FJ£f — "Weight cunes of representati\e dogs In Experiment 


E III IlLilATOI oaic AVD CHEMICAL DaTA OBTAINED ON DOOS IN ENERIMENT 2 
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Fat toleiance euives At vaiious times thionghoiit the fat iiifiisioii peiiodi 
of the tivo dogs iccemng the 15 pei cent fat emulsion (Dogs aS and 50) in 
Expeiiment 2, a nmnber of fat toleiance studies neie made These consisted of 
determiiimg the total plasma fatty acids immediateh befoie the infusion and at 
vaiymg mteivals diuiiig and aftei Two tjpmal cuivcs aie shown m Fig 3 
Post -11101 tern examination All the dogs of Expeiiment 2 weie antopsied at 
the temimation of the expeiiment The dogs tliat leceiied eithei the 15 pel 
cent 01 the 2 per cent fat emulsion showed essentially similai pathologic changes 



HOURS 

Fig 3 — Fit tolennce curves in Cogs following infusion of 15 per cent fat Emulsion 11 M 

in Experiment 2 

Granulomatous lesions in the lungs weie fewei and less seveie than those found 
in the limgs of the animals in Ex-])einneiit 1 and also less seieie and less numei- 
ous than those found in any of the animals which we have pieiioiislj" studied 
All of the foui animals had eiidenee of distempei No gianulomatous lesions 
wmie found in any of the othei oigans 

Dogs 59 and 63 gnen the soy bean jihospliatide alone, aie of particulai 
interest Moie seveie and moie numeious giamiloniatous lesions weie found m 
the lungs of these dogs Foieign bod\ giant cells weie stiikingly piominent ir 
these lesions and paiticulate niattei was identified m many of these cells 

Expenment 3 — In this expeiiment a piegnaut dog was giyen daily fat m 
fusions The dog w^as fed ad libitum a puiified low fat lation (compare inth 
latioii 2, lefeience 3) duiiug the fiist two week peiiod Food consumption 
lecoids weie kept and duimg the second two w’eek peiiod half the aweiage dailv 
consumption of the fiist peiiod was giien At the beginning of the thud peiiod 
(twenty-ninth day of the expeiiment) daily fat infusions wnth Emulsion Hid 
(15 pel cent fat) weie stalled in addition to coiitiniung the purified oral latioii 
m the amount used in the pieceding two week jieiiod An aibitiaiy'^ amount of 
300 ml of fat emulsion was given dailv This fuiiiished 460 ealoiies, or an aiei 
age of 33 caloiies pel lalo of bodx weight The quantity of puiified lation fed 
amounted to SO Gm pel day and fuinishcd 309 caloiies, oi an average of 22 pei 
kilo of body weight The fat infusions and puiified lation weie continued dail) 
until the day the pups weie boin They weie not giyen on the day of dehveiv 
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01 tliL (In folloiMiig but tlien ^\eIe gnen is pmioush foi a fuifliei peiiod of 
tliirtj five dajs iftei vvhicli tliej vveic cliseontmuccl and id libitum feeding ol 
dog chow iiid horse mcit continued foi the lest of the expoiiment On the div 
of dclivei}, milk, meat, and dog chon were fed id libitum A lobectomj ms 



DAYS 

Fie 4— ‘Weight cune for Doe C Experiment 3 fat infusion during prtgnanc> 

done on this amnnl eights eight dnvs iftei dthveij nliieh ms fiftj two dijs 
after the last fat infusion Weight and hciniitologic records neie kept foi in 
additional soventj five dajs aftci which tlic inimil was saciificcd foi post 
mortem examinations The weight ciuve of this animil is given in Fig 4 ind 
the chemical and hemitologio diti in Tible IV 


Tvble IV Hekatoloqio aud CnEviicvL Data Obtained on Dog 6C in Eapeiument 3, 
Fat Infusion Duping Pppcnanca 
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•Two pupa born 
tLobectomj 

Plasma phosphat'^so mlcrograms of Inorganic phoaphorua liborntod per cubic centime cr 
ei plasma In twenty four hours at pH " 6 

Bromsulfalein test mlcrograms of d>e per cubic centimeter of plasma at eight minutes 
Plasma total cholesterol milligrams per cent. 

Plasma cholesterol esters milligrams per cent 
Total plasma fatty acids milligrams per cent 

Post-mortem examination of this dog repealed no nniisual findings gios&h 
^Iicroscopic examination of the lobe of the lung iemo\ed suigicTlly showed ip 
ptoximately one granulomatous lesion per two low pow ei fields The lesions w ei c 
smaller and less numerous thin tliose genenlU found The lungs it lutops} 
showed c\en fewer gnnuloiiiatous lesions appioximitch one pei ten low jiowci 
fields These lesions were even smillcr thin those seen in the lobe remo\ cd sui 
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gically and theie was very little scai formation Theie was a faiily laige area 
in the mj'ocarduim infiltiated nith round cells and polymoiphonu clear leuco 
eytes The livei showed focal areas of necrosis m the poital aieas but no grann 
lomatous lesions oi fatty metamoiphosis There was hypeiplasia of both the 
red and white senes of the bone marrow The spleen, gastiointestinal tiact 
panel eas, adrenal, lymph nodes, blood vessels, and brain veie nonnal 

The autopsy on this dog was perfoimed seventy-five days following the 
surgical removal of the lung and one hundred twenty-seven days aftei the Iasi 
injection of fat It is appaient from these findings that the lesions described 
tended to regiess slowly, foi theie vas a sti iking difference in the number and 
size of the lesions in the lung iemo\ed suigicallv and the lungs examined at the 
time of autopsv 

DISCUSSION 

The studies in Expeiiment 1 demonstrate that fat can be given in an emul- 
sion at least tnice as concentrated as we had pieviously used (30 pei cent as 
compared with 15 pei cent) and at a much more lapid rate These obsenmtions 
aie of impoitanee in the potential cbnical use of fat emulsions because the’i 
mdicate that a consideiable numbei of calories in a limited fluid volume may 
be given in a relatively shoit time, thus eliminating a consideiable increase ir 
blood volume and prolonged peiiods of mtiavenous infusion 

The 30 per cent fat emulsion fuimshes appi oximately 3 0 caloiies pei milli- 
liter The dogs tolerated the emulsion well except foi the first two or tliiee 
days of the infusion period vhen there was consideiable vomiting, but even this 
geneially could be controlled if the emulsion was given slowly, especially dui- 
ing the first half of the infusion period 

Dog 50 of Experiment 1 is of much inteiest because it had tvo peiiods of 
fat infusions, the total amount of fat being tlie same in each period and quite 
large, namely 770 grams The first of these infusion peiiods began a few days 
after the dog became distemperous and foi a time the infused fat constituted 
the sole source of caloiies because the dog was completely anoiectic During this 
period the dog lapidly lost weight, but piobabl> less than would have been ex- 
pel lenced had the animal not been leceiving fat During the second infusion 
period, identical to the fiist except that the dog had recoveied from distemper, 
the fat was veil tolerated, weight gam was lapid, and the dog was in excellent 
condition at the end of the expeiiment 

In Experiment 2 a preliminary attempt vas made to find out whether the 
fat 01 the phosphatide used as the stabilizing agent vas piineipally lesponsible 
for the gianulomatous lesions that had alwajs been observed follomng infusion 
For this reason, infusions of a 15 per cent fat emulsion, a 2 pei cent fat emul- 
sion, and an emulsion containing no added fat but simply the phosphatide prepa- 
ration were made Tvo dogs were given each pieparation foi vaijing periods 
of time as mdicated in Table III The histopathologv pioduced in all of these 
animals was essentialh the same but was moie accentuated in the two dogs ic 
ceiving the phosphatide alone It appeals that the phosphatide piepaiation is 
the basic cause of the gianulomatous lesions ve have observed 
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The hematologic and chemical data obtamed m the six dogs m Experiment 
2 (Table III) reveal a consistent decline in the hemoglobm and hematocrit 
thronghont the course of the infusions With the exception of Dog 63, which 
was one of the animals receinng only the phosphatides this change was essen 
bally the same m all animals and was not dependent on the amount of fat in 
the emulsion In none of the dogs was there any significant retieulocvtosis siig 
Resting that the anemia was not hemolytic Bromsnlfalein ebmmabon m all 
dogs and plasma total cholesterol and cholesterol esters vaned from normal to 
values somewhat higher Plasma phosphatase values showed a defimte increase 
throughout the infusion periods m all dogs except Dog 63 

Total plasma fatty acids values in the dog generally range from 200 to 450 
mg per cent, depending pnncipalli on the diet and the time mterval after 
eatmg that blood is taken for analysis As the fat tolerance curves m Fig 3 
show, there is a rapid rise in plasma fat following infusion of a fat emulsion to 
a value approximately twice the normal 4s soon as the infusion is finished the 
plasma fat begins to decrease and in the short time of approximate!! one Iioui 
IS back to normal It is evident tliat infused fat leai es the blood stream rapidh 

While Experiment 3 consists of observations on only one dog, it is of particu 
lar interest in that it presents the results of fat infusion m a dog throughout the 
last half of pregnanct The average oral intake of this animal was decreased 
dunng the second two weeks of the experiment to one half the amount consumed 
during the first two week penod From Fig 3 it is seen that dunng the second 
two-week period there was a progiessive weight loss totaling 2 kilograms This 
weight loss was stopped at the end of the second two week penod when infusions 
with the 15 per cent fat emulsion were started These infusions furnished an 
additional 460 caloncs per dai or 33 calones per kdo of bodv weight The 
infusions were gi\en daily beginning with the twenty ninth experimental day, 
except on the dav of u helping and the dav immediately following Thev were 
discontinued on the ninety eighth experimental dav There were onli two pups 
in the litter and tliei were small and scrawny however both bved and developed 
into healthy dogs The mother had no difficulty in feeding them 

A lobectomy was done fifti two days after the last of 120 daily fat infusions 
The animal was sacrificed seienti four davs following the lobectomy which was 
the two hundred and twenty fourth experimental dai At the end of the exoen 
luent the animal had completely made up all weight loss Hemoglobm and 
hematoent lalues at the end of the studs were essenbally the same as at tlie 
beginning though throughout the course of the experiment both had fallen due 
no doubt to the combined effects of pregnanev and the daih infusions Brom 
sulfalein clearance cholesterol values (both total and estenfied) plasma fat 
and plasma phosphatase remamed essentially normal except for the values 
obtained just prior to whelping when thev were all mcreased as is shown in Fig 3 

SUJI3IARV 

I A 30 pel cent fat emulsion stabilized with soybean phosphatides (Aso 
lectin) nas giien intraienouslj to dogs with the same ease as the 15 per cent 
emulsions used in our previous studies 
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2 Fat emulsions can be given lelatively lapidly to adult dogs 

3 Fat infused into the blood stieani caused a piompt and maiked iii 
ciease in plasma fat but noimal ^ allies neie appioaclied in the adult dog 
within an hour aftei the termination of the infusion 

4 It appeals that the soybean phosphatide used as the stabilizei vas 
piimaiily lesponsible foi the gi anulomatous lesions ue have obseived follov 
ing the use of intravenous fat emulsions 

Wo desire to express our appi eciation to AIiss Viigiiiia Kent and to Miss Man 
Malonej for technical assistance 
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IV Imikoned Peciimques for the Prep\r\tion op F\t Emui-sio\s for 
I^TR v^^:^ous Nutrition 

Eorert P Geier, Pii D , George Y M \vn, M D and Fredrick J Stare, D 
Boston, Mass 

TN PREVIOUS reports fiom this laboiator^* * the use of fat emulsions foi the 
* intra\enous nutiition of dogs has been desciibed One phase of the con 
tnniation of this problem has been the iiiipio\enient of techniques foi preparing 
emulsions of suitable particle size and stabiJit 3 Since the lelationship of pai 
tide size to such problems as fat embolism lud fat utilization is not cleaih 
understood at present, it seems desiiabk that all pai tides iii such emulsions be 
no largei than normal chjloirucia AVlieii pai tides of this magnitude aic dealt 
with, an aeciuate method of measuinig paitide size becomes of importauce 
In addition, there are the usual piobleins met with in intia\enous nutrition 
that is the elunmation of psrogens, stcnli/ation, and the piesention of patho 
logic changes lesulting fiom the administiation of tlie mateiial undei studs 
The present papei deals uith a photonucroginphic metliod foi determmmg 
particle size, a method for picpaiing fat emulsions whose maximum particle 
size IS under 2 in diamctci, and some of the prelirainai\ studies on the pb\s 
leal stability of these emulsions 


EXPERIMENT \L 

PhotoimctogtapJnc Method for Dctenmmng the Size of Fat Pa) tides — 
Quantitati\e measurements of fat particles below 5 n nie difficult because of 
Brownian movement and low optical density Since Msual determinations are 
only approximate a photomicrogiiphic method was de\ eloped In preliminar} 
work both a tungsten filament and a caiboii aic limp weie used as light sources 
but were not found satisfictor} it liigli shuttei speeds Subsequentlj a high 
speed lugh intensit) , dischaige lamp was found to be adequate The apparatus 
IS shown m Fig 1 An Eastman piecisiou enlarger No 1 with a 35 mm film 
roll adapter and holder wis used without a shuttei oi lens but was pro\ided 
a bellows adapter for the microscope A Spencei research model micro 
scope with an apocluomatic lens s>stem was used Eastman Kodak Plus X” 
35 mm loll film is satisfactoij and coiisiderabh more conieiiient than Kodak 
M plates ’ of T-Npe B pinchiomitic sensitnit} 

The light source consisted of an Edgeiton t^pe, high loltage discharge lamp 
housed in a Spencei model 370 micioscope limp * The lamp had a discharge 
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Fig 1 — A photograph of the equipment used in preparing photomicrographs of emulsions 

time of ^ -second Foensing of the micioscope At as accomplished bt 

means of a Geneial Electiic 100 Avatt piojectiou type tnugsteii filament 
bull) contained in the aluninium holdex shotvii in Fig 1 The focusing lamp 
assemblj' At as pietiouslj" centeied Avitli lespect to the optical axis of the flash 
lamp Aftei focusing, the holdei At as lemoA'ed fiom its position atop the dis 
ehaige lamp casing 

In piaetice, a thin sample of undiluted emulsiou ttas placed bettteen a 
slide and coA'ei slip and the chambei sealed Avith paiaffin to pietent etmpoia 
tion Foi examination of a piepaiatiou the sample Avas remoA'ed fiom the 
suiface, since the laigest pai tides in the piepaiation tend to acciuiiulate there 
For some purposes sampling Atith a pipette and bulb at AaiAung deptlis fiom 
the surface Avas done 
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Calibration Mas accoinpbsbcd b> pliotogiapliing 'ind enlaiging a slide 
luicrometer in the same inannei as was used foi the emulsions Measurements 
were then made b\ means of i ulc and calipei 

Bj a senes of tiials it was possible to establish the pioper lamp diaphragm, 
field stop, and bellows length settings which would pioduce optimum lesults 
Since the intensity and duration of the illumniating souice were constant, the 
field stop on the lamp was used to contiol intcusit} The substage condenser 
diaphiagm was used to dc\elop contiast In geneial, maximal contiast was 
developed Mitli the condenser diaphragm apeiture i educed considerably below 
the numerical apeituie lating of the objectnc used 

The combination of lens sj stems used was detei mined bj the dimensional 
range of the mateiial to he mcasuied Poi the emulsion paiticles undei 2 ix 
the 2 mm ohjecti\e with oil immersions abo\c and below the slide and with a 
lOX ocular ga^e the best lesults A Wiatten B filter was inteiposed between 
the oculai and the cameia as a means of fiiithei accentuating contiast This 
filter transmits between 480 and 620 imllimicia The bellows length was kept 
short Additional magnification was accomplished when necessar\ b} enlarge 
ment of the negatnes 

For measurement, 3 b^ 5 inch enlargements of the negatnes weie satis 
facton De^elopmcnt of the negatives was designed to pioduce maximal con 
trast, and prints wcie made on No 4 (Eastman) high contrast papei 

111 practice each piepaiation ineasmed is seaiched under high dn magmfi 
cation for fields showing the laigcst pai tides and several of these are photo 
graphed, because maximal paiticle size is of piime importance As mentioned 
below, in these emulsions the vast raajoiitv of the fat paiticles are less than 
02 to 0 5 /I in dianietei and thus beyond the lesolution of the light micioscope 
Fig 2 illustintcs lepicsentative photographs of thiee emulsions and the 
scale pliotogiaphs used iii the incasuicments 

Prepataiion of Cmnlswns — Seveinl diffcicnt inctliods of piepaung fat 
emulsions weie studied under similai conditions to deteimine which v\aiiantel 
extensive consideration Fniulsions weie produced bj means of (1) a Waiiug 
blendor (2) a hand homogenizer (3) an ultiasonic generator*^ and (4) a high 
pressuie homogenizci f Aqueous dilution of a nonaqncous solution of fit and 
stahilizei was also tested In each case the following constituents v\eie used 
coconut oil, soybean phosphatides J and distilled watci Since the high pies 
sure homogenization method v lelded tlie best emulsion from the standpoint of 
particle size fuithei studies weic conducted using this method of pioduction 
After pieliminaiv woil the following geneial pioceduie v\as adopted 
for carrj inn; out an emulsification 

Picinixing of Emulsion Gonshtuents — Double distilled water pieviouslv 
boiled for four mnuvtes was placed in a 'Waiing blendoi with the fractionated 
phosphatide preparation § The mixture was spun at top speed foi two min 

qi , are grateful to Dr Ralph F Shropshire and Mr EdT\ard W Smith of the Submarine 
coo^ratlonf Boston, Mass for the use of their apparatus and for their assistance and 

tJunlor VIscolIzer 60 Cherry Burrell Corporation Cha^Iesto^vn Ma s 
Tnn A^solectln supplied through the courtesv of Dr Albert Scharf Associated Concentrat s 
Long Island N T 

■'ras prepared from commercial soybean phosphatides according to the procr'dur'' 
e‘'cn In the following paper 
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utes and hot coconut oil (80 to 95° C ) 'nas slowlj added ivlule the blendoi wab 
still rotating Blending nas continued foi an additional tliiee to fi\e inm 
utes Throughout the entire process a flouing atmospheie of nitiogen was 
proiided by means of a suitable attachment tube on the coiei Though the fat 
particles ranged from 1 to 15 in diameter, this degiee of dispersion was suffi 
cient tempoiaiilj to prevent excessive “oiling out’ when the iiiateiial was 
placed in the high picssiire homogcuizci 

HighPicssmc llomogcmzahon Step — The pieiiiixed material was iiitro 
duced into the opeiating high piessiiie homogenizei which was equipped with 
the exteraal glass leevcliziiig sjstein shown in l^ig 3 The homogenizei was a 
smaller model of the machine used hv McKibbiii and co woikeis and was bettei 
adapted for small volumes of mateiial Piioi to the addition of the blended 
emulsion, the machine was fieed of watei bv operating with the piessuie legu 

=iDl 



DRAIN 

— Diagram of hfgli pres«5ur(' homogenizing apparatus usetl in preparing fat nnilsions 
for Intravenous nutrition 

latoi block and the extia iiital e poit opened By means of a long stiff wut 
bent 111 a right angle neai one end the suction valves weie lifted to allow the 
water in the middle chambei to dram After all paits were again replaced and 
tightened the machine was lun while nitrogen was supplied to displace the air 
When the blended material had been added, the theianometei was put in place 
and the flow of nitrogen was adjusted to a vciv slow late Where required, 
heat was supplied hj regulating the flow of hot watei (76° C ) through tube A 
(Big 3) In those cases where a low temperature was desiied the temperatuie 
of this watei was lowered In operation the condensei water flowed slovvlv 
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over the piston lods thiough an aiipropi lately placed thiee-holed length of 
copper tubing (B) This made it uiineeessarj'^ to use the cooling system pio 
vided by the mauiifactnrer and insuied better contiol of the tempeiatuie of 
the equipment and homogenate To lemove tiapped gas, the machine was run 
at AGIO piessuie and the lubbei tube (B) was alternately closed and opened 
If this was unsuccessful the piessuie was laised to 2,200 pounds and maintained 
until the temperature of the circulating homogenate leached 75 to 78° 0, at 
which point the gas either escaped or could be removed by closing the lubbei 
tube 

Pielimmaiy investigation demonstrated that although many particles below 
1 IX were formed by single passage of the material thiough the homogenizer, 
some particles as large as 6 to 8 /j. remained even aftei ten to fifteen passages 
at pressure between 2,000 aud 4,000 pounds per square inch For this reason 
the mateiial was continuously leeyclized through the apparatus for periods of 
time ranging up to ninety minutes 

To deleimme the effect of tempeiatuie upon the rate of emulsification a 
senes of tests were made using Emulsion 22 at 41, 60, 76, and 85° C (For 
composition of Emulsion 22 see Table II ) The pi emivmg in each case was done 
as described previously It wms found necessaiy to rnii cold wmter over the 
block to maintain the lowest tempeiatuie Samples were removed at ten, 
twenty, and thirtj^-five minutes, and the si/e of the largest particles was ascer- 
tained Table I contains the results of these tests earned out at a pressure of 
3,000 pounds per square inch 


Table I Effect of Teuperatoke on the Kate op Emulsification 
(Volume, 500 c c , Pressure, 3,000 Pounds per Square Inch) 


EXPERIMENT 

TEMPEFATURE 

(°c) 

APPROXIMATE PJAMETER IN MIORA 
OF A 30% FAT EMULSION 

OF LARGEST PARTICLES 
(EMULSION 22) 

1 10 MIN 

1 20 MIN 

1 35 MIN 

1 

41 


4-6 

<3 

2 

00 

5-7 

4-6 

<3 

3 

70 

4-6 

2-4 

<2 

4 

85 

4-6 

3 

<1 


The effect of pressure was studied by preparing 500 c c quantities of Bmiil 
Sion 31 at 2000, 2500, 3000, 3500, 4000, and 4500 pounds per sqrraie inch re 
spectively (For composition of Emulsion 31 see Table II ) Homogenization 
was earned out for thirt)^ to foity-fiv'^e minutes at 76 to 80° C Visual micio 
seopic examination of samples removed at ten-minute intervals was used as a 
criterion It was found that although all pressures used resulted m particles 
below 2 IX, the pressures above 3,000 pounds per square inch resulted rn a 
greater proportron of the partreles being at the extreme end of microscopic reso 
lution Thus emulsions prepared at higher pressures could be viewed micro 
scopically w'heu undiluted, without having the field of vision limited to the 
upper layers of the preparation The emulsions appeared blue by reflected 
light in thin films and appeared red by transmitted light These phenomena 
were obseiw'^ed with emulsions eontaining both 15 and 30 per cent of fat 
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A number of emulsions ivcie piepared in an ini estigation of the lei els 
and ratios of fat and phosphatide conduciie to small particle foimation and 
stability The amount of phosphatide was laiied between 0 15 and 6 0 Gm pei 
100 c c , and the fat, between 10 and 30 Gin per 100 eubic centimeters The 
fat was eithei coconut oil, coin oil or butter fat * The emulsions prepared and 
the data pertaining to the conditions of picpaiation are giien in Table II 
Also included are the size of the pai tides produced and the effect of autoclai 
ing for fifteen minutes at 15 pounds per square inch 

Fat emulsions are adierseh affected In high electrolj-te concentration Ion 
pH (below 6 0), prolonged heating, eiaporation of the watei phase, and the 
presence of mateiials iihicli earn elect! le charges dissimilar to those of the fat 
particles Alani of the emulsions gnen m Table II were studied under these 
adverse conditions Tiiesc studies arc still in progiess and mil be leported in 
full at a later date It is dear that for a high fat lead moie emulsifier is re 
quired for stability under adierse conditions In addition it has been found 
that, with a oi'eii lei el of emulsifier, as the coucentratiou of oil increases the 
emulsions aie foimed mtli iiicicasing difficult! It also has been found that 
small particles are of piime importance to stabiliti Thus emulsions whose 
particles of fat are less than 2 ft in diameter and liaie a probable mean diain 
eter belon 0 5 p aie completelj stable to autodaMu„ nhcieas, otheiwise com 
parable emulsions containing mam particles iboie 5 p cither bieik or cream 
out under the treatment oi npon standing 

Emidsions similai to Eimilsioiis 22 and 31 haie been used for evtensne 
animal ini estigation because thej are stable and are compatible mth blood bi 
in vitro and in mio studies However as described in the foUowmg paper 
the SO} bean pbosphatide pieparatioii has been fractionated so as to give a moie 
desirable stabilizing fiaction, and this fiactioii (Br2) is used in place of the 
ilsolectin In routine practice the emidsions aie autodaied in gas tight bottles 
filled mth nitrogen and mth an aqueous dcvtiose concentration of 5 per cent 
The bottles are stored in the dark at 24® C and before intravenous use 1 c c of 
sterde 10 per cent IvaiHPOj is added to each 100 c c of emulsion The pH of 
the emulsion is thus brought to 7 4 The results of the in v iv o studies n ith these 
emulsions mil be repoited at a latei date 


DISCUSSION 


The pliotomiciographic technique has fuinislied i means of objectneli 
evaluatinj, emulsion pieparatioiis It should be emphasized that the ma\i 
mum particle size is the most important single factor in detei mining phvsical 
stabilit} and mav have more ph}siologic significance than sinipl} assuiing pas 
sage thioii^h the capillaries without embolization 

Undei the proper conditions high piessuie homogenization resulted in the 
formation of fat emulsions whose laigest particles viere below 2 p in diametei 


•The butter fat was prepared by meltinff unsaltcd butter at 65 C decanting the oil 
portion from the curd and water and shaking with anhvdrous Na SO while warm The fat 
then filtered through a Buchner funnel using quantitative paper The product was entlrelj 
clear The butter vNas furnished through the courteaj of the H. P Hood and Sons Co 
iioston Mass. 
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Of piiniarj impoitaiice ■was the contimioiis iccucnlation of the mateiial thioii^h 
the iinchmc foi peiiods of time iiiioiiig fiom thutj to ninety minutes, de 
pending upon the fat content Shoitei tune 2 ntel^als -weie inadequate and also 
negated tlie ad^ intake of using Ingli piessuies Thus, periods of ^l^e to ten 
minutes iieldcd no bettei cinulsioiib at piessiues abo^e 3 000 pounds per squaie 
nieh than aveie obtained at 2 000 pounds pei square inch Piessures abo\e 
3,000 pounds poi squaic inch, lionc\ei, -when used foi loiigei periods of time 
resulted in a shift in tlie mean paiticle size towaid the lower limit of visual 
lnlc^oscop^ Such emulsions tool on a bluish appeal ance and transmitted red 
light e\ en v hen the fat content was as high as 30 pei cent Light field 
microscopic examination of a thin lajer of an undiluted 15 oi 30 per cent fat 
emulsion ie\ealed lelatnelj feu diseeinible particles DaiL. field examination 
disclosed mam additional pai tides belou 0 5 /t in diametei These characteris 
tics indicated that most of the emuKion was a tiuc colloidal suspension of fat 
in water 

The data in Table I show that high tempeiatuie was conducive to bettei 
and moie rapid emulsification "NMien the homogenization was earned out at 
pressures abo 2 e 3 000 pounds pei squaic inch, the temperature rose to the boil 
mg point pioMded no cooling uatci was used This cncumstance was helpful 
for both a liigli piessuie and a liigli temperatuie ueie obtained simultaneously 
Expeiieiice has shouii that boiling maa cause the emulsion to bical to a ceitain 
extent piobahh due to loss of the ualci phase bj suiface e\apoiation The 
beneficial effect of Jughei tempeiatmcs is believed to bo duo io lowered vis 
cosih winch peimits a smaller aalve opening at any gneu pressuie, loaveied 
mtei facial tension and a dccicase m the foicc necessary to sheai the fat 
globules 

The lea els of emulsifiei and fat and the latio between them were also fonnd 
to be of gieat inipoitanec In geneial the lowei the fat level the shorter the 
length of time necessan foi complete emulsification and the more stable the 
finished emulsion to high electrola te concenti ation and to autoclaving and stor 
ige Thus, a 15 per cent coconut oil 3 per cent phosphatide emulsion (Emul 
aion 31) piepaied in thiitv minutes and was unaffected hv autoclaving 
rimilsion 22 avhich contained 30 pci cent coconut oil and 3 pei cent phosphatide 
lequiied sixtj five minutes of homogenization but was stable to autoclaving 
Raising the le\el of stabilizer to 6 pei cent made httlc difference in the liomo 
genming tune lequiied to pioducc a good emulsion and one stable to auto 
cla-Miig rmiilsious containing 015 pei cent phosphatide were stable to auto 
ela\ing when the fat concenti ation was below 15 per cent Such emulsions, how 
eaer, weie brol en b\ low electrolyte concentrations 

Added dextrose lias plo^ed satisfactory as a means of leiideung the emul 
aions compatible with blood fioni the standpoint of tonicity and docs not ad 
'ersely affect the emulsion dining antoclayiiig Dextrose has the added ad 
vantage of contributing to the total caloric content Exteiisne animal testing 
has been conducted using an emulsion similar to rmulsion 22 Tlie composi 
tion and caloric content of Emulsion 22 is giyen in Table III 
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Table III Composition A^D Caloric Content oi Fat Emulsion ^2 


COMPONENTS 

OF AMS 

CALORIES 

Oil 

300 

2700 

Dextrose 

35 

140 

Phosphatide emulsifier 

oO 

210 (approx ) 

Water 

634 

- 

Total 


3050 


Studies are lu piogiess ou the ehemieal and plijs'cal stabilities of thest 
emulsions and on then pyiogeuic inopeities Also being investigated ait 
possible costabilizeis and other emulsifiers A seiious ciiticism of many surface 
active substances studied is the tendency to in vitio hemolysis even in the loiv 
concentiations uecessaiy The use of filtiatioii thioiigh bacteiial filters is 
being studied It has been found that 30 pei cent fat emulsions can be passed 
thiough filteimg candles oi pads ivithoiit adveisely aftecting stabibtj' 

The use of high f i ecpieiicj" sound waves as a means of emulsification has 
been studied bj' othei woikeis® The luagnetosti ictive principle is used evten 
sively in the daiiy industrj’^ in the production of homogenized milk Oiii 
studies with sonation weie not extensive but using this pioeeduie W'e weie 
unable to make emulsions which weie as satisfaetoiy foi oui pm pose as emul 
sions made bi a pressuie homogenizei This failuie to pioduce good emul 
sions by sonation seemed to be related to two factors fiist, the mateiial could 
not be circulated adequately thiougli the effective field of high-mtensity cavita 
tion, and second, the intensity of the mechanical activit} of the vibrating 
membrane was so great that appieciable amounts of metal were dispersed into 
the solution 

SUAIMARY 

A photoiniciogiaphic appaiatus and method liaie been de\ eloped to allon 
aecuiate deteimination of the size of fat pai tides in emulsions 

By means of high-piessuie homogenization fat emulsions neie piepared 
in which all particles weie below 2 n m diametei and most were beyond the 
resolving power of the light micioscope 

Factors conducive to the pieparatioii of such emulsions were high piessuie, 
high tempeiatuie, continuous recii dilation of the material being homogenized, 
and the propei fat-stabilizei latio Data on each of these aie given 
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■^HIS laboraton has carried on reseaicli m an effort to deielop fat emul 
sions suitable for parenteral nutiition** Preiions leports baie sboivn 
that fat emulsions giien intravenousli to dogs cau be utilized as a source of 
euergi, that dogs are able to baiidle large fpiantities of emulsified fat admin 
isfered daily for long periods of time that the fat can be „iien m a concentra 
tion as high as 30 per cent and at a rapid rate and tint tbe infiibed fat leaies 
the blood in a few hours However, in all tbe animals pieiioiisli studied 
granulomatous lesions and seairing of tbe lungs, liier and spleen were noted in 
lanang degree Preliminan obseiwations pointed to the phosphatide prepara 
tiou used as an emiilsifiei as tbe piincipal agent icsponsible for these lesions * 
Since the lesions were produced hi a soibean phosphatide piepaiation 
(Asoleetin)* alone and since this emulsifier appeared to be the best of a large 
number studied it was desirable to inicstigate it furtbei In all of the preiious 
studies on this problem adidt dogs had been used as the experimental animal 
It would be adi antageoiis to use a smallei laboraton animal foi much of this 
work The purpose of this paper is to report a chemical fractionation of tin. 
sojbean phosphatide picparation which nclds an emulsifjing agent which wdl 
not give rise to the histopathologi prciiousli ohseneil and to report obsena 
tions on an improied fat emulsion giieu iiitraienoiisli to adult rats and to 
puppies 

E-\PER1MENTAL 


The plan of the fiist pait of tins stiidi was to utilize the rat as an e\peri 
mental animal to assaj various fractions of the phosphatide preparation both 
alone and as pait of the fat emulsion for am lesion piodiicing properties 
Both Sherman and Hisaw strains of the albmo lat weie used The animals 
weighed from 130 to 250 grams and were appioximateli 3 months old In 
roost experiments a gioiip of sin rats plus contiols were used Each expen 
rocntal animal was gi\cii a dadj injection of the material to be tested for six 
sueeessiie dajs The animals were injected through a tail lein while under 
light ether anesthesia The i olumc injected varied from 15 to 2 5 ml but in 
all cases amounted to 1 ml per 100 Gm of body weight It was giien in 
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thirty seconds oi less Six days following the last injection (unless othermse 
noted) the animals were saeiificed bj etheiization and bleeding Sections of 
all oigans weie fixed in 10 pei cent foimalin solution, embedded in paiaffin, 
and stained with heniatox's liii-eosni Fiozen sections of foi malm-fixed mate 
iials weie stained foi fat until Sudan III when indicated 

The vaiious fi actions studied consisted of the so-called piiiified soybean 
phosphatide piepaiation (Asolectm) used in oiii pieinous studies and derna 
tives of this material obtained by fiaetionation pioceduies These weie oh 
seived foi lesion-piodiicing piopeities Avhen injected alone and as a com- 
ponent of fat emulsions The matenals weie piepaied for intiavenous ad 



Fig 1 — Most se^ ere tj pe of granulomatous lesion Note numerous giant cells m crosis 

and polymorphonuclear leukocytic infiltration Hematoxylin and eosin stain X200 

mimstiation using one of the following pioceduies (1) Homogenized prcpa 
lations weie made by the method icceiitly described for the piepaiation of 
fat emulsions- The mateiial Avas added to boiling AAatei and spun for thiee 
minutes in a Waiiug blendoi at top speed It aaos then homogenized m a 
high-pressuie homogenizei' foi thiity-five niiiiutes The piessuie Avas main 
tamed at 3,000 pounds pei sqiiaie inch, and the tempeiatuie, at 75 to S0° C 
The ptocess Aims earned out iinclei a nitrogen atmospheie Solutions Aveie 
butfeied AAutli phosphate to a pll of 7 4 and made isotonic Aiitli eithei ghi 
cose 01 sodium ehloiide The mateiial Aias placed in Iiioami glass piessiire 
bottles, the an Avas cbsplaced A\ith iiitiogen, and the tightlA’ capped bottle 
Avas autoclaAed at 15 pounds pei squaie inch foi fifteen minutes (2) 
Blended piepaiatioiis were obtained in the same maniiei except that the 

♦Junior Viscolizer No 50 Cherry Burrell Corporation Chicago 
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— L«css sc>cre lesions ^Ith fen giant cells Note ab ence of necrosis incl small degree 
of fibrosis Hcmatoxjlln and cosIn stain X'^15 



3 Jllnimal lo<!lon made up of one to two giant cells without accompanjing necrosis 
fibrosis HomatoTjlIn and eosin stain x300 
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lugh-pressiiie homogenization was omitted (3) Ciudely mixed piepaia 
tions weie made by adding the mateiial to watei (50° 0) and spuming in 
the blendoi at high speed foi thnty seconds Tonicity and steiility were 
achieved as with the homogenized piepaiations 

In the expel iments to be desciibed the pathologic lesions weie lestricted 
to the lung and weie not evident giosslj'^ On microscopic examination the most 
severe lesions veie gianulomatous in type (Fig 1) The individual lesions con 
sisted of gioups of mononucleai cells and fibi oblasts with one to four giant cells 
of the Langeihans type at the centei In the larger nodules IMallory’s anilme 
blue stain demonstiated loose, fine, coUagenons fibers arranged in concentiic 
fashion Seen among the fibeis veie laige epithehoid cells A few of the laigei 
lesions had neciotic centei-s with many polyinoi phonuclear leucocytes The giant 
cells contained from a few to twenty oi thnty nuclei These veie arranged 
about the peiipheij of an abiuidant amount of light basophilic to eosinophilic 
cytoplasm The cj'toplasm was homogenous foi the most part However, some 
giant cells contained small dioplets that stained red vuth Sudan III while m 
othei giant cells particulate matter was seen Refiactile bodies were not oh 
seiwed when a frozen section of the tissue was examined tlirough a polarizing 
micioscope Ziehl-Neelsen stain demonstrated no acid-fast material in the cyto 
plasm No asteioids were seen m the cytoplasm The nuclei had pi eminent 
nucleai membiaues and ceutially placed nucleoli The lesions in the moie seveie 
cases vaiied m size from 0 1 to 1 0 millimetei In some instances the nodules 
weie confiuent They had no constant lelationship to bronchi oi vessels There 
was steady legiession m the size of the lesions in animals which weie allowed to 
live foi a longer peiiod than that stated 

The less seveie lesions weie seldom over 0 5 millimeter (Pig 2 ) There 
was little 01 no fibrosis and no necrosis The nodules consisted of mononucleai 
cells and one to two giant cells, whicli were similar to those seen in the largest 
lesions 

Some of the lesions consisted of only one to two giant cells with no cellu 
lar elements oi fibrosis about them (Pig 3 ) These weie seen in the alveolar 
walls with only a separation of the basement membranes on each side 

The sections weie giaded accoiding to the seventy and fiequency of the 
giant cell lesions Poui plus lesions were the most seveie In these theie were 
thiee to foui nodules pei lov-powei field which weie often confiuent The 
lesions themselves ‘weie laige, with fibiosis and some necrosis Thiee phis 
lesions weie smallei with little fibiosis and no neciosis Howevei, they were 
almost as frequently seen as the four plus, occur ring from one to three times 
per loAv-powei field Two plus lesions were small and infrequent, one lesion 
bemg observed per thiee high-poiver fields One plus lesions consisted of raie 
isolated giant cells with no eellulai components about them 

Rat Assay Expet iments, Pat 1 1 — 

Expet itnent 1 The soj^bean phosphatide prepaiation (Asolectin) m a con 
centration of 3 pei cent in boiling water was blended in a Warmg blendoi foi 
a period of ten minutes Microscopic examination of the material showed 
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that the suspended pai tides laiied fiom 10 to 20 in size Six adult rats 
Here injected uitli this material Sections of the lungs from all the assay 
animals showed nnmeions foui plus lesions In the center of some of the 
lesions theie was definite neerosis and infiltration hi poIjTuorphonuclear leu 
coeytes These lesions weie more numerous and largei than those found in 
any of the subsequent groups These results and those of subsequent experi 
ments are given m Table I 


Table I Sommary of Rat Assay Experiments on Intravenous Administration of 
P iiosenATiDE Preparations and Fat Emulsions 


EXPERI 

WENT 

ilATERI \L 

GIVEN 

CONCEV 

TPaATION 

(%) 

MAVl 

MUM 

PVK 

TICLE 
SIZE (ft) 

GRADING OF LESIONS 

1 

2 

RAT NUMBER 

3 4 5 

6 

1 

Blended commercial 

3 

20 

+• + + + 

+ + + 

+++ ++++ ++++ 

+ + + + 


phosphatidcs 







2 

Homogenized 

3 

o 

+ 

+ 

+ + + 

_ 


commercial 








phosphatidcs 







3 

Homogenized 

0 

o 

+ 

+ 




commercial 








pliosphatides 







4 

Prachon A(F1) 




+ 

+ 


5 

Fraction B(F1) 

3 

2 



_ 


6 

Fraction C(F1) 

3 

, 

+ + + 

+ + + 

+ + + 


7 

Fraction A(F2) 

0 09 

5 

+ 




8 

Fraction B(F2) 

3 

o 

_ 


- - - 

_ 

0 

Fraction B(F2) 

3 

5 


+ 

+ 


10 

Fraction A(F2") 

0 09 

14 

+ + + 

+ + + 

+ + + 



Fraction B(F2) 

3 







Fraction C(F2j 

1 5 

9 

+ 

+ 




Fraction B(F2) 

1 5 






11 

Aspergillus niger 



7 

+ + + 

+ + + 

-t-'l'-f 

+ + + 

12 

Emulsion of coco 

oO 

2 

_ 

_ 

- - - 

+ 


nut oil & fraction 

3 







B(r2) 







Control 

group 

_ 


_ 

_ 

- - - 


(12 animals) 








Animal diecl one hour following last Injection 


Expenment 2 The soybean phospliatide preparation (Asolectm) in a eon 
centration of 3 per cent in watei was homogenized The particle size in this 
emulsion was 2jt or smaller A group of six lats were injected Sections of 
the lungs from all animals showed small one plus lesions Theie was little 
fihiosis 01 infiltration and no necrosis 

r xpenmcnt 3 The soybean phosphatide (Asolectm) in a concentration of 
9 per cent in water was homogenized It was injected into thi-ce rats daily for 
only two days The animals weie sacrificed on the twelfth day of the experi 
luent Sections of the lungs weie graded one plus and weie similar to the lungs 
of the animals m Experiment 2 This experiment was carried out to determine 
if the total amount of phosphatide homogenate could be giien m a shelter period 
of time without changing the number or seventy of the lesions It was eon 
eluded that, within limits, the rate of administration of the homogenized phos 
pliatide was not a significant factor in the pi eduction of the lesions 
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Fi achonation of the Phosphatide Pi cpcn ation, Asolechn — ^While the homo 
gemzed phosphatide pieparations pioduced lelatively few lesions it was felt 
that fiiithei expeiiiiieiits should be earned out to eliminate, if possible, the 
factoi 01 factois lesiionsible foi the few lesions that iveie piesent without 
destio’\ mg any of the emulsifj mg piopeities of the phosphatides Consequentlj, 
seieial chemical fiactionation pioeeduies iieie done on the puiilied soybean 
])hosphatide and many of these piepaiatioiis yeie then assayed foi lesion— 
pioducmg piopeities as m the pieiious expeiiments 

Pi actionation 1 {FI) One hiindied giams of soibean phosphatides iieie 
dissolved m 500 c c of cldoiofoiiii To this solution 1,500 c e of acetone veie 
added slovlv, with stiiimg, to yield a finelj diiided piecipitate of phosphatides 
Aftei filti ation the piecipitate yas ledissohed m 100 cc chloiofoim and 
lepiecipitated with 300 c c of acetone Aftei filti ation the solid piodiict yas 
y ashed tyiee yutli acetone and was then fieed of solvent by means of vacuum 
at loom tempeiatuie The combined filtiates fiom the piecedmg opeiatioiis 
weie taken to dijmess iiiidei vacuum m a stieam of mtiogen and yielded 18 2 
Gill of a daik, gummj^ mateiial which yas given the designation A(F1) Tlie 
acetone piecipitate was added to 350 ee of absolute alcohol (63° C ) and was 
spun ill a Waimg blendoi at high speed for thiee mmutes The suspension 
yas cooled to loom tempeiatuie and placed m the lefiigerator overnight (7° 0 ) 
Aftei filti ation thiough a Buelmei funnel, the piecipitate was washed yitli 
thiee 30 cc portions of cold absolute alcohol The entire alcohol tieatment 
was lepeated except that the material yas filteied aftei seven hours Eemoial 
of the lesidual solvent from the piecipitate yielded 41 Gm of a gianulai, light- 
tan mateiial which was designated B(F1) Tlie combined filtiates from the 
alcohol tieatment weie concentiated in vacuum undei nitiogen and furnished 
19 4 Gm of a light-yellow, amorphous substance This was designated C(F1) 
The jields of both C(F1) and B(F1) weie low because of loss during the initial 
step of this method 

Fi actionation 2 (F2) It was found that a diethyl ether solution of soy- 
bean phosphatide lemamed tiubid This insoluble mateiial would haie ap 
peaied m fiaction B(F1) of the pienous proceduie Therefoie, 50 Gm of 
phosphatides yeie dissohed m 100 c c of diethyl ether and the insoluble pai- 
ticiilate mateiial was lemoved bi centiifugation This material was washed 
five tiiiics yith 10 c c poitions of diethyl ethei and ivas then fieed of solvent 
imdei laeuum This yielded 31 mg of a white powdei which was designated 
A(F2) IMicioscopically this mateiial compiised some particles which closely 
lesembled lod-shaped bacteiia and othei particles which weie of many iriegular 
shapes and yliieli ranged in size fiom less than 1 micron to 15 micia Sub 
sequent chemical determinations demonstiated that much of this material gives 
coloi tests ehaiacteristic of denatured piotems 

The filtiate fiom the piecedmg paiagiaph was made up to 200 cc with 
diethjd ether and yms placed in the lefiigeiatoi (-7° C ) foi foity-eight horn’s 
A slight cloudiness developed but disappeared on ivaimmg Fifty cubic centi- 
meteis of acetone were added and after thoiough shaking the solution was 
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placed at -7° C oieinifrht The top Hjei ins decanted and the bottom layei 
was earned through tlic dietlnl ethei acetone proceduie again After decan 
tation, the top laieis ncio combined and were eoncentiated under lacmun m 
a stream of nitrogen The iicld lias 64 Gm of a leri daik, lascous, gummj 
substance This compiiscd prepaiation CtP2) 

The bottom laier fiom the prenons piocednre was filtered through a Seitr 
filter using positn e pressure Concentration undei i acuum yielded 32 Gm of 
a light icllow, gramilai material B(F2) 

Rat Assaij Experiments Part IT — 

Experiment 4 A3 pei cent sirspeiision of fiaetion A(F1) was prepared 
bj mrang in a 'Waiing blcndoi foi thice minutes with boiling watei After 
autoclaving this material it was iiioccted into sin adult rats daily for a penod 
of SIX dajs The dosage was as picnoush mentioned for all of these expen 
ments The rats were saciificed on the twelfth dai of the expenment Sections 
of the lungs show ed one plus lesions 

Experiment 5 A blended 3 pel cent suspension of fraction C(P1) in watei 
was injected into tliiee lats daih for six dais The rats were sacnticed on the 
twelfth dai of the expeiinieiit Sections of the lungs were graded three plus 
for lesions These lesions while as numeious as those found in the animals 
mjeeted with blended whole phosphatide (rxjicnment 1) were not so large 
Also, theio was less inflaiiimatori reaction and fibiosis and foreign bodj giant 
cells were less nuniei ous per lesion 

Expenment 7 A 9 5 mg per cent suspension of fraction A(P2) m water 
was injected into thice lats dailj for six dais This material was prepaied 
for injection bv grinding in a moitai inth 5 Gm of dextiose and then was taken 
into watei The rats weio saciificcd on the twelfth dav of the expenment 
Sections of the lungs w ere graded one plus for lesions 

Expenment 8 Two gioups of animals weie used to tost a blended piep 
aration of fraction B(r2) in which the paiticlc size laried fiom 1 to 2 micra 
It was injected into six lats dailj for six days These rats were saciificed on 
the twelfth exTieiimental dai Sections of the lungs showed no lesions 

Experiment 9 In the second assaj iiath fraction B(F2) it was agam made 
up in 3 per cent coiieeiitiatioii in watei but was ciiidcli mixed in the tVaiiiig 
blendoi The paitide size iniicd fiom 1 iiiicion to S miera Thrs matciial 
Was injected into four i its daili for six dajs The animals were sacrificed on 
the twelfth cxpciimental dai \o lesions wore found in the lungs of two rats 
The reniamm„ two lats liad lesions ^-laded one plus These lesions wcie small 
with no fibrosis oi cellul u infiltrates 

Expenment 10 Fraction C(P2) was not suitable foi injection by itself 
because of its high content of fatti acids and neutral fats and consequent in 
solubihti in water Poi this icason blended piopaiatioiis wcie made up as 
follows the first contained fractions A(h2) plus B(r2) and the second fine 
tions C(P2) plus B(F2) both fractions in a concentration of 1 6 per cent in 
water The B(P2) preparation was thus used as an emulsifier for the insoluble 
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A(F2) and C(F2), and the total concentration of each combined fraction was 
3 pel cent Three rats weie given six daity injections of fractions C(F2) plus 
B(F2) and were sacrificed on the twelfth experimental day The lungs were 
graded one plus Three additional rats w'^eie given six daily injections of A(F2) 
and B(F2) and w'eie killed on the twelfth experiment day The lungs were 
graded two plus in one lat and thiee plus in the other two There weie a few 
medium sized lesions but the majority were small 

Expei iment 11 It was felt that microoiganisms giowung in the ciude piod 
nets might be partially lesponsible for the production of lesions even though 
they were killed by autoclaving The coconut oil, crude phosphatide, and water 
fiom the homogenizei weie cidtured Staphylococcus albus and Aspergillus 
nigci w'eie leeovered fiom the crude phosphatide The fungus W'as groivn in 
pure culture, suspended in isotonic saline autoclaved at 15 pounds pressure foi 
fifteen minutes, and injected into six lats in a manner similar to that used m 
the othei experiments The rats were sacrificed on the twelfth day of the 
experiment The lungs were graded three plus for lesions Spores and hyphae 
were demonstrated in the giant cells In this instance, lesions were also found 
in the spleen and liver 

Experiment 12 An emulsion (Emulsion 35)“ containing coconut oil, 300 
Gm , phosphatide fraction B(F2), 30 Gm , dextiose, 35 Gm , and water, 634 
ml , w'as prepared and injected daily for six days into a gioup of six rats The 
particle size of this emulsion was less than 2 p, predominantly less than 0 7 
micron The dosage was 0 5 c c per 100 Gm of bodv weight The animals were 
sacrificed on the twelfth experimental day Only one small lesion w^as found 
in one lung of the six rats examined 

Conti ol Animals foi Rat Assay Expeiiments A gioup of twelve lats served 
as controls These animals were kept in the same cage as the experimental 
animals and were distributed throughout the twehe experiments The lungs 
weie examined and no lesions such as those desciibed were present in anj'- of 
the twelve control animals An occasional rat in both the experimental and 
control groups showed pneumonitis such as is commonly encountered in labora- 
tory rats The lesions described herein were sufficiently characteristic to be 
distinguished fiom tins tjqie of pneumonitis 

Puppy Expeiiments — 

Experiment 13 A more extensive study of Emulsion 35 as prepared bj 
the improved procedure described in the previous report® and using fraction 
B(F2) prepared from sojbean phosphatides wms earned out m puppies Assai 
in rats had indicated that this phosphatide fraction would not lead to nsceral 
lesions when infused as a water emulsion alone in a 3 per cent concentration 
Ol when used in that concentration as a component of a 30 per cent fat emulsion 

A group of four Labrador puppies, all litteimates raised in this labor atorj, 
was used The animals were in apparent good health Thej w ere wormed and 
during the couixe of the experiment weie given canine distemper seium at tw'o 
week intervals Despite this piecaution there were indications tow'aid tlie end 
of the experiment that the animals were infected Anorexia, feier, and Icii 
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cocjtosis suggested tliat a rcspiiatoij, bacterial infection Mas piesent The 
animals Mere diiided into tMo groups The thiec animals in the first gioup 
M-cre infused daih with amounts of emulsion a aiding from 1 5 to 10 Gm per 
kilo of bodj M eight The animals were fed a purified diet at the outset and 
were later tiansferied to a natural diet • The fouitli animal seiied as a control 
and Mas not infused 

Immediate reactions to the intraacnous infusion of the emulsion were foi 
the most pait determined b\ the rate of the infusion This aspect of the Mork 
and detailed metabolic studies Mill be leported in a later paper Pertment to 
this discussion, hoMcicr, Mas the obsenation that on seieral occasions lanous 
dogs became djspneie at the stait of the infusion Expiration became difficult 
the animal Mheezed audiblj, and theie were forced attempts to clear material 
from the trachea In each instance auscultation reiealed profuse expiraton 
rhonchi and Mheezes Upon discontinuation of the mfusion the ammal appeared 
iiell Mithin fifteen minutes and the abnormal signs had disappeared Exam 
mation micioscopieall} of tlie emulsion iniohed reiealed loose aggregations of 
particles 2 /i or less in diameter m hieh constituted a flocculus or raft bke mass 
measuring up to 25 in diamctei The nature of the conditions leading to this 
phenomenon is not clear Table II presents the data concerning the number of 


Table IL Sumsiasa of Inttjivenols Fat Irfusiox in Puppies 


PUPPY 


■rasm 

TOTAL 

FAT 

IXFUSEO 
(GM ) 

TOTAL 

EMULSiriER I 

b(f2) j 

(OM ) 1 

DAT OF 
EXPERIMENT 
SACRIFICED 

904 

0 

0 

0 

0 

52 

907 

30 

2,343 

703 

70 3 

49 

905 

42 

4,704 

1411 

141 1 

56 

909 

84 

10,295 

3 089 

308 9 

84* 


■Animal died after prolong-ed massive doses of emulsion leadlnB’ to anorexia 


(lajs tile animals "vrere infused and tlie nmounts of emulsion and total fat infused 
904, the control animal recened no infusions, Puppj 907 received 703 
Gm of fat over a thirtj da} period, Puppy 905 received 1,411 Gm of fat over 
a fort} two da} period and Puppj 909 received 3 089 Gm of fat over an 
eight} four da} period All of these puppies were sacrificed for post mortem 
e\aniination at var}Tng times as indicated in Table II Gross examination at 
autopsy revealed normal appeanng organs in all puppies Sections were made 
of lung, liver, spleen kidney, brain, intestine, bone marrow, adrenal and l}Tnph 
nodes and were stained with hematoxylin and cosin 

Two animals (Puppies 905 and 907) were sacnficed by etherization and 
bleeding Both animals had pulmonar> findings consistent with a mild dis 
temper The lungs from both animals also showed occasional giant cell lesions 
uhieli were graded one plus No granulomatous lesions such as were described 
previousl} w ere found in an} of the other organs No hemosiderin deposition 
'vas noted in the spleen, liver, IvTnph nodes, or bone marrow The liver was 
stained with Sudan III and no fat was found There was hvperphsia of the 
^'hite cell series in the bone marrow 

Dog Meal furnished through the courtesy of the Research and Development 
epartment. General Foods Corporation Hoboken N J 
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Puppy 909 died duiiiig the night and all oigans ivcic maikedly autolyzed 
As far as could be detei mined there Aveie no gianulomatous lesions piesent 
Theie was pulmonary edema and many of the smaller bionchi ueie plugged 
with mucous 

The contiol anmial (Puppy 904) also showed pulmonaiy lesions consistent 
with mild distempei No other lesions of consequence were piesent in any of 
the oigans 

DISCUSSION 

In pieYious studies^ ^ it was shown that dogs leeeiymg emulsions of coin 

011 01 coconut oil in concentiations of 15 pci cent, 30 per cent, oi 2 per cent 
developed gianulomatous lesions which were most marked in the lungs and 
more larety found in the spleen, kidney, and liver Essentiallj'- the same lesions 
were found when the emulsifying agent, a soybean phosphatide piepaiation, 
vas given inti a5 enously without added faf In the piesent report it is slimra 
that such lesions veie also pioduced in the lungs of the albino rat under similar 
conditions The liver, spleen, kidney, heart, and brain of the rats veie studied 
but no lesions were found The rat proved a good experimental annual for 
assay of the emulsions and various phosphatide fractions because only small 
amounts of material weie required for tlic development of the lesions Thus 
only 30 mg of the original phosphatides per 100 Gm of rat per day for a six- 
day period were required to produce numerous lesions That the assav time 
could be reduced further is shown in Experiment 2 in which ISO mg per 100 
6m of rat given for two days also produced typical lesions Histologic exam- 
ination of the lungs seemed to provide an accurate index of the lesion-p reducing 
properties of the test materials 

The larger lesions pioduced in the lung weie made up of mononuclear cells, 
fibroblasts, and foreign body giant cells Various substances were demonstiatecl 
in some of the giant cells Some contained neutral fat, while in others par- 
ticulate matter was observed The lesions of the lats receiving the mold showed 
spores and hv’^phae nr the giant cells In othei instances small bits of leather 
fragments were demonstrated The latter piobablj came fiom the leatliei 
gaskets used in the homogenizei Pieliminaij' experiments have suggested that 
Jw using plastic gaskets and passing the finished emulsion thiough a suitable 
filter, particulate fragments can be completelv^ removed 

The soybean phosphatide piepaiation (Asolectin) used in our pievioiis 
studies was fractionated to yield an emulsifying agent more suitable for intia 
venous use The first fractionation of the phosphatides was unsatisfactoiv 
because the small amount of ether -insoluble material piesent originally was not 
removed prior to subsequent steps In the second fractionation this mateiial, 
fraction A(P2), was removed at the start of the procedure and consisted 
of particles of solid material whose greatest dimension was as large as 

12 micia Such particles would be sufficientlj^ large to block the alveolar capil- 
laries in addition to settmg up giant cell reactions Significant!}, this fraction 
gave color tests characteristic of denatured proteins Since prolonged higb 
pressure homogenization wms fairly effective in preventing lesion foimation, it 
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IS piobible tlmt the particulate imteiinl 1115 icndeicd small enoiigli to escape 
bemg caught in the capillaries This piccludes the possibility of a chemical 
inaetnation of the eaiisatiae faetoi(s) The matciial nhich comprised fraction 
A(F2) uould be piesent in fraction B(F1) of the first fractionation The 
lattci fraction caused extensne lesions The material picsent in fiaction C(F2) 
uould consist of fat, fatta acids, steiols, lipid degiadation products, Maxes, and 
other substances soluble in an acetone ether mixture From the standpoint of 
lesion production this fi action iias of low potcnci Its remoaal from the 
pliosphatides is iiaiianted, if foi no othci icason than its lacl of emulsifani^ 
piopeities 

Fraction B(F2) should consist mamh of phospholipids and icpiesents 
most of those origmallj picsent, foi 111 piaeticc an ovci all jicld of 90 pei cent 
IS obtained This fraction proicd to be the most efficient for our piiiposes In 
Expenment 8 a blended preparation iiith paiticlc size aarving from 1 to 2 ^ 
was injected into six lats without piodiieing lesions, in Expenment 12 it was 
injected as part of a 30 pel cent fat emulsion (Emulsion 35) into six lats of 
which file lyoic found fiee of lesions and the icmaining animal showed onli 
one small lesion in one lung That tins fi action is a good emulsifying agent 
is mdieated by the fact that a 30 pci cent coconut oil emulsion can be stabilized 
watli 3 per cent of the fiaction Picpaiations of fiaction B(F2) winch haio 
been kept at -7” C foi three months still ictam then emulsifying properties 
From Expenment 9 it can be seen that the injection of a ciude nuxtuie of 
fiaction B(F2) m which the pai tides weie 1 to 8 gate only a few one plus 
lesions This suggests that wathin limits the paiticle size of these phospho 
hpids IS not of itself of gieat impoitancc 

The twelie contiol rats for these assaj experiments did not show the 
granulomatous lesions of the lung that had follow ed the injeetion of fractions 
other than B(F2) 

The puppy expeiiments weic of mtciest because they showed that fat 
could be gi\en inti at enously to this species without producing the extensite 
granulomatous lesions that had characterized alt of our pietaous work Also 
these studies were oui fiist expeiiments tvith the administration of fat intra 
'enouslv to growing animals The fat emulsion used (Emulsion 35) contained 
30 per cent coconut oil and was stabilized wath a concenti ation of 3 pel cent 
of fiaction B(F2) The fat emulsion was well toleiated bj the three puppies 
that leeened it depending largolj on how lapidly it was giacii, particulaih 
duiiiig the fiist few days of infusion The giowth and metabolic data of these 
puppies will form pai t of the substance of a subsequent report 

SUMM \RX 

A procedure to assaj fat emulsions for intravenous use and the constituents 
of such emulsions has been de\ eloped using the albino rat 

Using this assay pioccduic confiimatoiw evidence was obtamed that the 
sojbean pliosphatide matciial used as 111 ciiiulsifMng agent in our preiious 
emulsions was the piincipal cause of the gianulomatoiis lesions obsened follow 
"'g the iiiti ay ciioiis administi ation of fat emulsions 
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Chemical fractionation of the soybean phosphatide preparation was acconi 
plished so as to yield a fraction with good emulsifying properties and little 
or no lesion-prodiicmg properties 

A 30 per cent fat emulsion (Emulsion 35) was given in daily intravenous 
infusions to three puppies in varying amounts and for periods of tune vaiymg 
from thirty to eighty-foui daj^s without producing the granulomatous lesions 
found in pievious experiments ivith adult dogs 
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VI Pit Emulsions for Intravenous Nutrition The Turdidimetric De 

TERMIN ITION OF InFUSED PaT I{I BlOOD AfTER InTR VVENOUS 

AdministRiVtion of Pvt Emulsions 

Eobert P Gever, Ph D , George V M vnn, 51 D , vnd Fredrick J St vre, 51 D 
Boston, 5Iass 

NE phase of the research on the intravenous use of fat emulsions has been 
the determination of the rate of disappearance of the infused fat from 
the blood ' The usual methods for determining blood lipids are laborious and 
time consuming, and even the microadaptations of these methods require quanta 
ties of blood large enough to prohibit lepeated use on small laboratory animals 
Therefore the turbidimetric method described in this paper was dev eloped It 
has the advantage of leqiiinng onlj 20 emm of blood for a lapid accurate de 
temimation Thus, numerous samples maj be taken and the animals’ ability 
to remove infused fat from the blood stream can be casilv ascertained The 
term "fat tolerance curve” is proposed for the graphic representation of the 
data obtained 

The piesent paper gives the method used, pi oof of its validity and the fat 
tolerance curves of the rat, dog, and rabbit when given 30 per cent fat emulsions 


experimental 

Principle of the Method — Aftei the mtiavcnous infusion of a fat omul 
Sion the blood plasma becomes turbid This tuibidity is measured in a photo 
electric colorimeter* and the amount of infused fat is calculated from a stand 
ard curve oi K value AVithiii limits the tiirbiditj bears a straight line relation 
ship with the instrument readings and fat concentration Bv taking successive 
samples of blood after an infusion of fat, a fat toleiance curve can easilv be 
obtained bj plotting the turbiditj readings against tame 

Materials Used — 


1 Thiitv per cent coconut oil emulsion The composition preparation, 
sterilization, and determination of partiele size of this emulsion (Emulsion 35) 
have been described previouslj “ 

2 Piv e pel cent dextrose solution 

3 Concentrated ammonium hj droxide 

i Superoxol Tliirtj per cent solution of li 3 dio,„en peroxide 

Preliminary Studies — Oiiginallj the method used was to read the turbid 
dy of a diluted sample of plasma in the photoelectric colorimeter using filter 
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No 66 This filtei Mas chosen because the piesenee of small amounts of hemo 
globm had little effect upon the leadings Investigation demonstiated that 
the tuibidity lead, hoMCvei, nas the summation of that of the fat and of e\ 
tianeoiis tiiibiditj" caused bj a leactioii betiveen the emulsion and plasma This 
inteifeiing tiiibidity could be lenioied by the addition of a small amoimt of 
ammonium hydroxide ivithout influencing the fat emulsion It Mms also found 
that the emulsion component lesponsible foi the false tuibidity leading lay in 
the phosphatide piepaiatioii used Jlicioscopie daik-field examination of a 
mixtiiie of phosphatide and plasma levealed many nonspherical, highly re- 
fiaetile bodies y Inch could be made to dissolve by touching the edge of the liquid 
iiiidei the eo\ei glass yitli anunonium hy^di oxide Tins phenomenon was not 
obseiied with eithei the phosphatide oi the plasma alone The folloMung expeii- 
ment ivas carried out to study quantitative! j' the leaetion betiveen the plasma 
and the phosphatide and also to detcimmc yhethei the ammonium hydroxide m 
fluenced the fat emulsion A 30 pci cent fat emulsion m as diluted with watei 
and 4 ml samples Mere pipetted into standaid Klett tubes Various amounts 
of clear dog plasma were added and after thorough mixing the tubes weie filled 
to the 5 ml mark with water The tuibidities Mere read and then to each tube 
Mas added 0 05 ml of concentiated anunonium hj dioxide After mixing, the 
turbidities Mere again read The results of this experiment are shoMui m 
Pig 1 




Fig L Fig 2 

Fig 1 — Tlie effects of plasma and hemoglobin on the tuibidity of fat emulsions 1, 
plus emulsion 2, plasma plus emulsion after treatment A, hemoglobin plus emulsion 

B hemoglobin plus emulsion after >»H40H tieatment C, hemoglobin plus emulsion aiiei 
IsHiOH and H O treatment R instrument reading 

Fig 2 — Standard curve shoeing instrument leadings (J2) plotted against fat concentra 
tion in diluted emulsion (Above R or 220 the curve is no longer linear ) 
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In an effort to male the method moie bciis,iti\c nithout necessitating the 
use of larger blood samples, tno clnngos eicic made Fiisl the staiidaid IClett 
tubes ivcie icplaced nitli iiiieiotiibcs, and second, flltoi No 42 ms used in place 
ot No 66 To remose anj hemoglobin 'nhieh might he piesent laiious o\idn 
tno reagents neie tiicd and it nas found tint liAdiogcii pcioMde uas most sat 
isfactort The following e\peiiment illustiatcs the effect of the pcioxide tieat 
ment on the hemoglobin and the fat ciiiulsion Pom millilitei aliquots of a 
diluted emulsion neio placed in standaid Klctt tubes to nhicli ueic added 
\aiious quantities of a hemoglobin solution containing 2 9 mg of hemoglobin 
per millilitei The tubes 11010 hi ought to flic 5 ml mail nitli iiatei and the 
turbidities iieic lead using filtei No 42 To each tube 11 as added 0 05 ml of 
Superoxol and the tubes iieio heated in a natci hath at 60° C foi fiic minutes 
Aftei cooling to loom tempciatuic the tuibiditics again iicie icad in the 
coloiameter The lesults aie shoiin in Pig 1 It is nceessaij that the tubes 
be cooled to 100 m tempeiatiue befoic tiiihiditj leadings aie talen, otheniiso 
the results ii ill be significantly loiv 

Adopted Pi occduic — Bi moans of a hemoglobin pipette 20 c mm of blood 
aio collected and disoliargod into 2 ml of 5 pci cent dextiosc solution con 
tamed in a 13 bj 100 mm Piiex tost tube and the pipette is luiscd 111 the usual 
maniiei If anj clotting occurs the sample should ho discaidcd The con 
tents of the tube are i\ell mixed bj lotation and the tube is contiifuged at 1 300 
roiolutions per miiiuto foi ton minutes The supciiiatant is decanted into a 
Ixlett mieiotube, care being taken to aioid cam o\ci of the sedimented cells 
and 0 05 ml of coiiooiitrated ammonium hi dioxide is added, iftci mixing 0 05 
nil of Superoxol is added The tubes aic heated in a iiatci bath at 60 to 65° C 
for four minutes and then cooled to loom tcmpeiatiiio Anj moisture uliich 
lias condensed on the sides of the tube is mixed in, and am bubbles of gas at 
taelied to the sides of the tube arc remoied hi gentle tapping The tuibiditi is 
road in the eoloiimeter usmg filter No 42 

A standard cuiie is obtained hi mahiig laiious dilutions of the emulsion 
using 5 pel cent dextiose solution as the diluent T 110 millilitei quantities 
of each dilution arc placed in the miciotuhcs and the tubes aic earned tluou„h 
the proceduie outlined in the picccding paiagiapli The tuibidities obtained 
aie plotted against the concentiation ot fat ^Yhele greatci accuiaei is le 
quued the standaid euiio can be made uith 1 5 ml samples, and in the pro 
ceduic foi the unknoun, mstead of simpli decanting as much of the supei 
iiataiit as possible a 1 5 ml aliquot can he tal cn This uoiild iiial e the dilution 
eftect of the reagents a constant tliioughout In loutine piactice hoiieiei it is 
sufficient to use the method outlined A tipical standaid curie is giien in 
Pig 2 

Gompanson With Mici ooxidation Method — A labbit neighing 4 3 1 do 
grams lias gnen an injection bj cai leiii of 12 ml of the emulsion 111 the couise 
of tno minutes At intonals 2 ml samples of aural icnoiis blood noie taken 
and imiuediatelj liepaiinired Aftci centiifuging at 1 300 iciolutioiis ]iei min 
life foi fifteen minutes, 20 emm of the plasma ncie added to 2 ml of 2 jici 
cent dextrose solution contained in Ivlctt miciotuhcs The tubes neci ciiiied 
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Fig 3 — Comparison of mlcroo\idation method and turbidimetrlc method of plasma fat 
following Intravenous administration of fat emulsion 

Fig 4 — Fat tolerance curves of various species following intravenous administration 
of Gm of fat per kilo of bodj weight 

througli the legulai proeednie and the turbidities were lead m the colorimeter 
Coneuriently, suitable aliquots of each of the plasma samples weie taken and 
earned thiough Boyd’s modification^ of Blooi’s microoxidation method for total 
fatty acids plus cholesteiol The lesults of this expeimient aie gnen in Fig 3 
Fat Tolerance Citiaes— The toleiance cnives of three species of animals 
to a 30 pel cent coconut oil emulsion (Emulsion 35) and of one species (the 
labbit) to a 30 per cent mineial oil emulsion weie determined Several rabbits, 
dogs, and rats each veie given 5 ml of emulsion pei kilogiam of body weight 
at the rate of 2 ml pei nunute The labbits were injected by eai vein, the dogs 
by leg \ein, and the lats by tail lein Tuibiditj cuiies Mere obtamed on venous 
blood using the procedure given pieviously The lesults of these e\peiiments 
are shoivn in Pig 4 where each cui\e lepiesents one animal of each species 

DISCUSSION 

The tuibidimetiic detennuiation of infused fat in the blood folloMung m 
tiavenous administiation of a fat emulsion can be quickly accomplished with 
only 20 c mm of blood It is essential that the emulsion be stable in the blood 
and to subsequent tieatment Mitli the leagents used It is equallj'’ important 
that hemoglobin and extianeous tuibidity be lemo^ed As shown in Pig 1 
Table I these conditions have been adequately met That the values agiee veil 
with a conventional miciooxidation method is shoMm in Pig 2 It is to be e'v 
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pected that the ciiiie obtained by Uirbidimetiic means would be lowei than tint 
found by the mieroo\idation method, especially as the lattoi has been emploi ed 
here, since total fattj acids plus total cliolesteiol haie been deteimined The 
tuihidimetrie method determines piineipally the infused neutnl fat, because 
the normal turbiditj of the plasma hpids is extremely low That a change in 
instrument and conditions might alloiv the determination of the normal colloidal 
hpids in plasma is indicated by the icpoit of Morcton ‘ In seieral instances 
chjlomiciogiaphs’ ha\c been deteimined simnltanconslj with the tuibiditj 
curves after a fat emulsion injection Agiccmeut between the lesulting cuiies 
was good 

The leaction hetween the phosphatide and plasma winch gives use to the 
extianeoiis tiiibiditj ohseived maj he similai to that lepoitcd bv ChargaiT 
and ZifE° to oecm between eoplnlin and basic pioteins A laigo poicentago of 
the phosphatide is made up of ccphaliiis, and m \itio tests have shown that 
when the pH of a innxtinc of plasma and phosphatide is lowcicd, a voluminous 
precipitito IS formed Neither the plasma iioi phosphatide alone will foim 
such a piocliict The icsiilting piceipilnte when washed with watoi, acetone, and 
Iietioleiim clhei was insoliihlo in watci but leadilv dissolved in i weak nm 
inoiiuim hj dioxide solution Kepreeipitation lesults if the solution is acidified 
IVliit plasma piotom is involved is mil now n at picseiit In agi cement with 
the findings of Chargaff and associates' is the fact that tlic phosphatide uacts 
with oxv hemoglobin and on acidification yields a reddish brovni pieoipitate The 
httci IS soluble ni dilute ammonium hydroxide and this nnv explain why, as 
shown in Fig 1, the tuihidity docicascd slightlv when NH,OH was added even 
though no plasma was piesent 


Table I Per Cent Recovtpv of Fat Frou Mixtures of Pl.\sua and Fat Emulsion 
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Rabbit plasma. 

tlnstnimcnt readings made ^^ith filter No 4 


The icmoval of the heraoglohm bv the hvdiogen pel oxide is complete when 
the amount of hemoglobin docs not exceed that uoimally piesent Wlieie 
hemolysis is excessive rccouise to filtci No CG can alwavs he taken It is usii 
otly possible to avoid mechanical Ivsis ot the cells Tlic fact that the ]ici oxide 
treatment Ins no cftocl upon the emulsion is luithei indication of the latter s 
stability 

The tern fat toleniice cnivc desmnates the nfc at which infused fat leaves 
the blood stieain and it is possible tint 111 e the oliitosc tolcniiicc cuivc it may 
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become of diagnostic impoitauee Studies aie now in piogiess on tins phase 
of the pioblem Such cui\es aie a coii-vement guide in the use of fat emulsions 
foi mtiavenous nutiition It is of inteiest that the labbit, which normallj 
ingests little fat, eleaied the infused fat at a slowei rate than either the lat 
01 dog whose diet is usually higher in fat (see Fig 4 ) The slow removal 
of the mineial oil emulsion is also of inteiest because the oil concerned is non 
hj'diolj'Zable Fuithei woik with this oil may leveal the leason foi this slow 
lemoval Unlike the blood lipid cuiwe whicii results aftei oial fat intake, the 
curie obtained after a fat emulsion infusion is not subject to the influence of new 
lipid continually enteimg the blood Perhaps by loiowing the animals’ ability 
to use infused fat, the cuive obtained by oial fat ingestion could be coirected 
to give a cleaiei picture of the rate of absorption from the intestine This would 
assume that normal blood fat and infused fat aie handled bj the body m the 
same mannei 

SUMMARY 

A simple tuibidimetiie method is desciibed foi detennining the leiel oi 
infused fat in the blood aftei intravenous administration of a fat emulsion 

The effects of hemoglobin and extianeons turbidity are discussed and the 
method of their removal is given 

The method is compared with the microoxidation method for blood lipids 
Fat tolerance curves are given for the dog, the rat, and the rabbit The 
difference between the behavior of mineral oil and coconut oil in the rabbit is 
shown 
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SlUDIES ON THE CONGLUTINATION TEST IN 
ERYTHROBLASTOSIS FETALIS 

Alexandpr S WiENEK, MD ikdE\eB Gordon 
Brooklin, N Y 

"^HE oiigmal method' (blocking lest) of dcmonstiitiiig unmlcnt antibodies 
(blocking antibodies or ghitmms) ins indiiect and therefore lelatiielj 
insensitive The conglutination test ’ foi uniialcnt antibodies, on the other 
hand, is a diicet and more sensitive test and thcicfore has proved more satis 
factor! AVliilo in saline media univalent Rh antibodies meielj “coat” Rh 
positive cells bj combining with the specific antigen without piodueing anv 
visible reaction, in plasma oi serum media clumping of the coated icd blood cells 
occurs As has been demonstiated in picvaous papei’s, this clumping is not due 
to agglutination but to conglutination The plasma contains a thud component 
conglutinin, a colloidal complex of plasma piotcnis, which is adsoibod bj the 
speoificallj sensitized icd blood cells, causing them to stick together On the 
other hand, agglutination in saline media is as distinct as oi more distinct than 
m plasma media because the agglutinins (bivalent antibodies) linl the cells to 
gethoi diiecth without the intcnention of anv thud component 

On the basis of those considerations, it was postulated that univalent anti 
bodies arc composed of smallei molecules than bivalent antibodies and therefore 
Inverse tlie placenta more icadilj than the lattei ' “ Ample diiect and in 
direct evidence' “ confiiming this picdictioii has now been obtained showing 
that univalent Eh antibodies as well as univalent alpha and beta and other 
antibodies pass through the placenta cailj in tlic thud tiiniestci of prcgnaiiej 
and accumulate in the fetal body until the liteis in the fetal and mateinal 
plasmas become equal tVlicre the fetus is Rh positive oi belongs to an iiicom 
patible A B gioup, the antibodies aic fiist taken ii]) bv the icd blood cells or 
tissues and onlj aftci these arc coated do free antiiiodies accumulate in the 
plasma In these cases if the babj is boiai alive, the red lilood cells at birth aic 
coated with univalent antibodies and it was found that this could be demon 
strated simplj by the conglutination technique ' One of the pin poses of this 
paper is to describe the icsults obtained with this tost in a scries of cases of 
Rh sensitization, and to comii iie the test with the antiglobiilm metiiod of Coombs 
and co woikers” and Hill and Habcrman 

\-t this point it may be of interest to mention other predictions made on the basis 
of tho conglutination thcorj s which have been confirmed subsequently A characteristic of 
erythroblastosis fetalis is that manj babies appear normal or onlj mildlj affected at birth 
bnt within a few hours jaundico becomes evident and rapidly incrca cs in intcn ity, and the 
^iiseaso often terminates with the death of tlio infant withm a da} or ti\o sucli infants usu 

T^. From the Transfusion DUIslon of tlic Jewish Hospital of Brookljn anti the Serological 
^Doratory of the Office of the Chief Medical Examiner of Acu lork CItj 
Hecehed for publication Oct 30 30r 
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alh present tlie postmortem findings of kernicterus and liver necrosis This sequence of 
events occuis -whether deliiory tales place at term or whether the pregnancy is terminated 
preniatuiely cesarean section or bj induced labor This indicates that the birth itself 
must precipitate the progress of the disease It uas reasoned that vhile the child was in 
utero the fetal cells did not clump because fetal plasma must be deficient or lacking in con 
glutinm However, the profound phjsiologic changes occuiring at birth could result in 
abiupt increase in the conglutinin content of tlie plasma causing tlio coated red blood cells 
to clump (bj conglutination), thus bloclang the circulation to vital organs Direct measure 
mento of the conglutinin content of fetal plasma confiimed this piediction that the amount 
present is small and that tlie conglutinin content increases after birth, though not to the lei el 
characteristic for adult plasma It is interesting that complement has a similar develop 
ment, considering that complement has an analogous role in serologic lysis to that of con 
glutmin in the conglutination reaction 

Still another surmise made m connection with the conglutination theorj is that con 
glutinin IS probablj identical ivith or related to the \piotein of Pedersen n According to 
Pedeisen \ protein is a reversiblj dissociable complex of albumin and globulin, present only 
111 concentrated plasma or serum because slight dilution with aqueous solutions causes it to 
dissociate into its constituent molecules of albumin and globulin In parallel with the he 
havior of x protein, we found that relatively slight dilution of plasma with isotonic aqueous 
solutions causes it to lose its conglutinating activity Converselj, we reasoned that it should 
be possible to produce conglutimn by mixing solutions of albumin and globulin AVe did 
find-' that when a 4 6 per cent solution of human globulin and a 12 5 per cent solution of 
human albumin, both of which had little or no conglutinating activitj, were mixed so as to 
produce a solution with a total protein content and albumin globulm ratio equivalent to 
that of normal blood serum, the resultmg mixtuies proved to have a high conglutinatmg 
aotivitj, even exceeding that of normal plasma Here again the analogy between con 
glutmin and complement holds, since this may be compared with the experiments with so 
called nudpiece and endpieoe 

Obviously the sensitivity of the conglutination test will depend not only on the titer 
of the univalent antibodj but also on the qualitj of the conglutinin AATiile the original 
description of the test called for the u«e of inactivated serum, yve soon adopted the use of 
oxalated plasma^ because the latter has a higher conglutinating activity and is relatiyely 
free of rouleau forming properties Moreoyer, it was found that while pure albumm itself 
yvas inferior to oxalated plasma, nevertheless the addition of small amounts of albumin to 
plasma enhanced the latter’s conglutmating actiyitj,^ presumably because the added albumin 
combmed with the natural conglutinin in the plasma to form a more active complex Based 
on this observation, the albumin plasma conglutination test was devised,^ which must not he 
confused yvith the albumin test of Diamond and Dentonia since the latter calls for a pure 25 
per cent solution of human albumin or a pure 30 per cent solution of bovine albumin without 
any plasma 

MATERIALS AND METHOD 

The material which formed the basis for the present study consisted mamlj of infants 
born to Ehnegatne yvomen who had been studied during tlie pieiiatal period for the pres 
once of Eh sensitization Our series is a selected one in that many of the pregnant y\onien 
yyere referred to us either because they had previously had erj throblastotic infants or be 
cause they had been found to be Eh negative in the course of routine Eh antibody exam 
Illations In a few cases yye were not called to "ee the affected infants until after birth, 
either because antenatal tests had not been done or because the mother had been incorrectly 
typed during pregnancy as Eh positive 

At the first mteryaew, the expectant mother’s blood was completely classified for blood 
group, M N type, and Eh Hr type, and the same tests were made on the husband to determine, 
if possible, whether he was homozygous of heterozygous for the Eh factor Moreover, anti 
body tests were done periodically on the piospectiye mother’s serum, and, based on the Eh 
Hr tests and antibody titrations predictions were ventured as to the type and severity o ^ 
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tlio disei'c m the infant Tlio affected infants were mo tl^ treated hj cxcliantro trangfubion, 
as will bo reported clseuhcre ^3 As also will be shown m a ■'Cparatc report tlie manifesta 
tions do elj corre ponded to the predictions and in a number of ca es tlie infants were de 
Inered prenntureh b\ cc arean section or b\ induLCd labor in order to present stillbirtlis 
and to treat the infants by exchange transfusion n Wicro po sible nmples of the cord 
blood were obtained in order to test the red blood cells for coating with univalent antibodie 
and to examine tlio infant's scrum for free Rh antibodies and to determine the icterus index 
In tlio few cases uhere the cord scrum could not be obtained because the infant was seen 
after birth, theso determinations were carried out on the first sample obtained at the ex 
change transfusion 

The Rh antibody titrations on the maternal and infant era nero carried out bi the 
agi,lutination and albuniui plasma conglutination methods, as dc enbed in previous papers 3 4 
In some cases the sera were also titrated bv tho plasma conglutination method and blocking 
method but the o titers are not included m Table I m order to avoid complicating the 
pre cntntion All titrations aero done at least two times against test cells of types Rh, and 
Rh and the titer values obtained Mere averaged In testing for coating of the fetal cells 
^ drops of a 2 per cent saline suspension of the red blood cells were centrifuged and the super 
natant fluid removed completely and replaced b\ a drop of compatible plasma or albumin 
plasma tnLxturo is Tlio red cells were resuspended and after incubating for forty fi\e 
minutes at body* temperature the preparation nns examined for the presence of clumping 
Tile palino uspension itself of the infant s cells invariably showed no trace of clumping 
Control te ts uere always carried out on normal red cell suspensions to how that the plasma 
albumin mixture was incapable of clumping such colls For the antiglobulin test an anti 
liuman precipitin scrum was ab orbed witli washed packed, and pooled A and B cells to re 
move all hetoroagglutmins The actual tests were carried out bv adding this reagent (diluted 
1 2 or higher depending on its titer) to 1 drop of thrice washed saline suspension of infant s 
red blood colls, readings being taken after forty five minutes of incubation at body tern 
perature 

Tho icterus index determinations were made bv tho acetone precipitation method 

Titrations of sera containing univalent antibodies by the antiglobnlm technique were 
carried out in tho following manner To a cries of tubes containing 1 drop each of a sene 
of progre snely doubled dilutions of the emm 1 drop of a 2 per cent aline suspension of 
Ell positive colls was added and. the mixtures allowed to react m the water bath for one hour 
Tlio red cells were then washed three times with saline solution After the third wa'ilnng tlie 
sediments were resuspended in 1 drop of alioo solution, and 1 drop of the absorbed anti 
human precipitm scrum was added The mixtures were incubated for another hour after 
"■Inch the reactions were read 


RESULTS 

Nine diffeient seia fiom sensitized Kli negative women weic titrated by the 
blocking, plasma conglutination albumin plasma conglutination, and anti 
Slobulm techniques in order to compare the relative sensitivities of these methods 
of detecting univalent Rh antibodies (sec Table I) Two of the sera tested 
(Seia 8 and 9) contained agglutinins as well as univalent antibodies In ac 
coidance with oui picvious lepoit,® the bloclung test gave tlie least sensitive 
results, and the plasma conglutination test was on the aveiagc about ten to 
fifteen times as sensitiv e as the blocking test, while the albumin plasma con 
glutination test was on the average about four times as sensitive as the plasma 
conglutination test As shown in Table I, the antiglobulin technique gave results 
roughly eoiiespondmg to those obtained by the plasma conglutination test, 
fiein,, Itss sensitive tliau tlie albumin plasma method* It is felt that tho 

, The 0 experiments were repeated several times iislnp at least three different perclpltln 
for tlie antlBlobulIn tost alwajs vilth similar results 
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TABIE I COMPAPISON OP THE RELATIVE SENSITIVITIES OF THE COAGLUTILATION AND AnTI 

GLOBULIN Methods of Titrating Univalent Antibody 


SLRUM 

1 ANTIBODY titers (UNITS*) BY THE METHODS OP 

AGGLUTINA 

TION 

BLOCKING 

PliASMA 

CONGLUTINA 

TION 

ALBUMIN 
PLASMA CON 
GLUTINATION 

ANTIGLOBULIN 

TECHNIQUE 

1 

0 

15 


520 

20 

o 

u 

0 

3 

23 

135 

47 

3 

0 

1% 

21/, 

45 

6 

4 

0 

0 

4 

44 

6 

5 

0 

0 

5 

36 

4 

6 

0 

1 

25 

28 

5 

7 

0 


11 

17 

12 

8 

7 

0 

20 

62 

7 

9 

12 

0 

12 

28 

5 


•The figures given represent the average of two or more titrations 


albumin-plasma method is to be pi ef erred to the antiglobnlm technique, since the 
former is much simplei to peifoim and gives moie sensitive lesults 

In Table II aie summaiized a series of cases in which Eh-negative mothem 
and then infants we*e studied serologieallj^ foi evidence of Eh sensitization For 
clarity in discussing tlie findings, the cases have been divided into four groups 
as follows 

1 Eleven eases in which the maternal serum contained univalent antibodies 
without detectable agglutinins They are arianged aecoiding to the titer of the 
antibodies immediately piioi to or following deliverj^ 

2 Eight eases in wdiieh the maternal serum contained Eh agglutinins with 
or without Eh univalent antibodies 

3 Thiee cases of sensitized Eh-negative women who gave biith to normal 
Eh-negative infants 

4 Foui control cases of uonseusitized Eh-negative women with normal Eh- 
positive infants 

We have omitted fiom this table those cases in which the mothei was sensi 
tized to the A and B factors as well as to the Eh factor , these complicated cases 
of double sensitization will be discussed in a latei paper Two cases (Cases 16 
and 25) have been included in the table in which the baby’s blood gioup w^as 
incompatible with the mothei ’s, but in these cases the maternal anti-A and anti 
B titeis (bj the conglutination as well as by the agglutination technique) were 
lowei than average, showing that the mothers were not sensitized to the A or B 
factors 

It would be expected that iii aU cases where the matemal serum contains 
a high titer of univalent antibody the infant would be boin wuth its red cells 
completely coated wutli blocking antibodies Where the maternal antibody titer 
IS low, on the other hand, the red cells of the eiythioblastotic infant would he 
expected to be onlj partly coated As shown in Table II, this prediction was 
actually fulfilled in oui series of cases Thus, the Eh-positive red cells of the 
crythroblastotic infants of the most stiongly sensitized mothers (Cases 1, 2, 3, 
4, 5, 6, 7, 10, 12) failed to clump in anti-Eh„ agglutinating seiiun, due to com 
plete blocking of the cells kloieovei, wuth two exceptions (Cases 1 and 3) these 










Table II Results or Seroiogic Ttsts^ ok a Series ot Rii IsEovTur Wouem vnd Theit 
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cells clumped (conglutiiiated) ubcn suspended in compatible plasma oi iii 
albunin-plasma mixtuie 

Tbe failuie of tbe led cells of the infants of Cases 1 and 3 to conglutmate 
IS contiai’j- to expectation and calls foi an explanation Tbe following plausible 
bypotbesis suggests itself As bas alieady been demonstrated,^’ ® fetal plasma 
IS deficient in conglutinin in comparison with adult plasma Also, theie is 
leason to believe that fetal eonglutimn diffeis in quality as well as quantity fiom 
aclidt conglutmin Thus one may postulate that fetal plasma contains con 
glutinoid, a substance analogous to so-called eomplementoid In eases in vhicb 
the fetal led cells aie strongly sensitized by univalent antibodies, they vill 
absoib conglutinoid fiom the fetal plasma, but conglutinoid, unlike conglutmin, 
fails to clum]! the cells, just as eomplementoid is adsoibed by sensitized cells but 
fails to Ijse them When an infant s sensitized led cells, winch have adsorbed 
conglutinoid, aie suspended in plasma they mil fail to clump oi clump onl} 
feebh' because the conglutinoid will block the adsorption of conglutinin Sup 
porting this concept is the obseiration that such red cells aie clumped stiongb 
liy antiglobulm seium even though the antiglohulin technique is oidmaiil) 
less sensitive than the albumm-plasma conglutination teclmique foi demon 
stiating univalent antibodies, as has already been pointed out (Table I) 

In accordance with expectations, when the maternal univalent antibody 
titei IS veiy high, not onlj^ aie tlie infant’s led cells complete!} blocked but also 
flee ciiciilatiug antibodies can be demoiistiated in the fetal plasma Where 
the maternal antibocl}^ titei is low, the infant’s red cells are not blocked, but 
partial coating of the red cells can be demonstated by the more sensitive con 
glutination technique (see Cases 8 and 9, Table II) 

Where the maternal serum contauis bivalent Kh antibodies, one would ex- 
pect that the infant’s red cells at birth vould not be coated with univalent Eli 
antibodies As is shown in Table II, this vas tine in only half the cases in oni 
senes To account for coating of the infants’ cells in Cases 12, 13, 16 and 18, 
one must postulate that the maternal serum contained univalent as well as 
bivalent Eli antibodies but that the former vere weaker so that they were masked 
by the agglutinins In support of this idea, it may be pointed out that in tvo 
cases (Cases 13 and 16) the infants’ seia contained free univalent Eh anti 
bodies 

Of special interest are Cases 20, 21, and 22 where sensitized Eh-negatnc 
women gave birth to Eh-negative cluldren As expected, none of these infants 
were eiythioblastotic In two of the cases vheie the maternal serum contained 
pure univalent antibodies, the infants’ sera contained univalent antibodies of 
equal titei In the thud case, vheie the maternal serum contained moderately 
strong (24 units) Eh agglutinins, the uifant’s serum contained no Eh agghi 
tmins but univalent Eh antibodies of 2^ units In the latter case, piesiimabh, 
the maternal serum also contained Eh iiimalent antibodies of 2i/^ units titer, but 
these were masked by the Eh agglutinins Thus, the placenta acts as a senu 
permeable membrane vhieli permits the free passage of univalent antibodies but 
holds back bivalent antibodies 
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In the foul contiol eases* in ivhieli the miteiml seium contained no Eh 
mtihodies, the infants, though Ehpositnc neie not enthiohlastotic and tlit 
led cells shoned no e\idcnce of coating 

Of considcnblo impoitaiiee is the coirclntion lictAvccn Eli antiliodj titei and 
the scAcritA of the disease in the fetus and infant Whcie the nnteinal seriiin 
contains nnivalcnt antibodies nhieli icadih pass the placental banier a good 
coiielation is to bo expected On the olhci hand if the inatcinal sciaim eontains 
oiih bnalcnt antibodies, the titei niaj be less inipoitant than othei factoi's such 
IS an accidental defect in the placental biiiiici oi incieased intiauteiinc picssnic 
c iiising the antibodies to entci the fetal circulation ® These expectations liax c 
been fulfilled in oni senes of eases MTicn the maternal seium contains potent 
hloching antibodies the Eh positixc fetus is imaiiabh delixered as a macerated 
stillbnth such cases aacic not melndcd in Table II because the fetal blood in 
lliese cases aa as not suitable for examination It is significant that of the eases 
listed 111 Tible II the foui babies that died in spite of ticatment came from the 
mothei's Aiitli the highest titei-s of nniAalcnt antibodies Similai obsciTations 
shoAAing the coiielation bctAAcen <|ii ilitx and qiiantitA of antibodA and piognosis 
hiAo been made Iia Sacks ind associates’ and In Toiiogiosi” in confoimilA 
AA ith 'Wieiici ’s theoi A and moie lecenth Iia DaAidsohii 

SUJIM ARX 

Of the Aaiious methods of demonstrating iiniAalent Eh antibodies, the 
blocking test is tho least seiisitiAC the plasma conglutination test is about ten 
times as seiisitne as tho blocking test, and the albumin plasma conglutination 
test IS about foui times ns scnsitiAc as the plasma conglutination method The 
aiitiglobulin technique is about equal in scnsitiAitA to the plasma eonglutina 
tion technique 

"When the mateinal seium contains luiiAaIcnt Eh antibodies, these antibodies 
pass thiough the placenta and coat the infant’s Eh positive led cells as can 
he denionstiated bj the blocking conglutination, and antiglobulm techniques 
Tile higliei the titei of tho univalent antibodA in tho maternal serum, the moic 
completely aic tlie fetal led cells coated and the moie likely is tho fetal plasma 
to contain fiee Eh antibodA 

^Mien tho miteinal serum (ontains biAalent antibodies the fetal led cells 
AAill not be coaled unless the mateinal seium also contains iiniAalent Eh inti 
bodies 

When an EhnegatiAo AAomtii AAith iiniAalent Eh antibodies has an Eh 
in„itiAc bain the baby aaiII not be eiA thioblastotie but its plasma aaiII contain 
iiiiiAahnt Eh antibodies equal in titci to that of the mateinal plasma at the time 
of birth 

Eh nggliitinins iisnalh aie not demoiistiablo in the plasma of an Eh 
iicgatiAo infant CAen aaIicii the mateinal seium contains a high titer of these 
nitibodies 

more such cns«.s lm\c hecn studied but four are euniclcnt for purpo os of Illus 
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The placenta acts as a seraipermeable membrane ■\vhicli pemits the passage 
of nmvalent antibodies bnt holds back bivalent antibodies 

Infants of nonsensitized Rh-negative women are not eiythioblastotic pio 
vided othei sensitizations are also excluded, for example A-B sensitization 

Where the maternal serum contains univalent Eh antibodies, the seventy 
of the manifestations in the erythroblastotic infant is longhly pioportional 
to the antibody titer 

Evidence is presented suggesting the presence of a substance in fetal plasma, 
eonglutinoid, which is adsoibed by cells sensitized by univalent antibodies but 
fails to clump them Conglutinoid seems to be capable of blocking the action of 
conglutinm in much the same way that so-called complementoid blocks the action 
of complement 
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A STUDY OP CHOLINESTERASE ACTIVITY OP THE BLOOD OP 
PATIENTS WITH PERNICIOUS ANEMIA 

Leo M Meier, M D , Arthur Sawtskv, M D ,* Norton D Ritz, M D , and 
Ho\\ \RD M Fitch, Ph D 
Brooklyn, N Y 

IN 1940, STbmc' repoited red cell esterase uses inth concomitant plasma and 
^ Dhole blood estenso leduetion in tno phlebotomized dogs In i study^ of 
fifteen patients d itli i anons types of anemias she reported low plasma esterase 
aetmtj in debilitated and comatose states The red cell esterase activity in 
these patients did not parallel that of the plasma In general, the i ed cell and 
plasma activ ities v\ ere lowei in those patients vv ith hematocrits less than 30 pel 
cent and there was noimal activity where the hematoent was above this value 
Three patients with pemieious anemia in lelapsc receiving livei therapy were 
studied during their recovoiy Initially, the whole blood, led cell, and plasma 
esterase activities were low Diinng treatment the cell esterase returned to 
normal levels in foui to nine days This was followed by a furtbei increase 
in activity and a declme to normal levels in about sue weeks The plasma 
estciase lespondcd much more slowlv rising to normal ui about six weeks 

Previously, AntopoP and associates repoited a general lowering of serum 
estciase in patients with seeondaiv anemias and acute hemolytic anemia Hall 
and Lueas^ found no con elation between the serum esterase activity and the 
hemoglobm concentration, led cell and white cell counts Ginsberg Kohn, and 
Necheles* found that washed pus cells had no esterase activity Milhorat® re 
pelted lowoied senim estciase in patients with leucomia Ho noted no eorrela 
tioii between the serum esterase and the hemoglobin or between the senim 
esterase and the led cell count of the peripheial blood There is general agree 
meiit that the plasma oi scrum cholinesterase activity is deei eased in debilitated 
states’ and in livei and biliaiy tract diseases^ ” ’ Low normal values aie 
found in association w itli acute infections ’ Hall and Lucas’ could not demon 
stiate any relationsliip between the scrum esterase activity and age, sex, diet 
body activity, heart late, oi blood pressure in noimal and pathologic sera The 
lole of cholinestciase in myasthenia gravis and the neuromyopathies is not 
clear In these diseases the led blood cell esterase is reported to be noimal 
while the plasma esterase IS generally icduccd’ ' 

Since 1944 a series of ai tides has been published by Davis and co 
woikers””* conceiiiing the experimental production of a hyperchromie anemia 
111 dogs which responds to antipermcious anemia therapy Interestingly enough 
one leport” contains a description of nervous svstem changes smiilar to the 
neuropathologic changes noted in human pernicious anemia Concomitant 

Prom the Medical Service of Kings County Hospital and the Department of TherapeuUcs 
xen York Univerdty College of Medicine New York Citj 

V prellminarj report of these data xvaa presented at the Hematology Stud} Section of the 

national Institute of Health Bethesda Md Feb la 104" 

Htcehed for publication Aug 20 1&47 
Lederle Fellow In hematology 
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With the piodiiction of the anemias, the cholinesteiase activitj of the dog seia 
fell to a low vahie 'With the instittition of antipeiiiicions anemia theiapj", the 
led cell count, hemoglobin and esteiase activity of the seium letuined to noimal 
levels In 1946, Davis” ” lepoited that folie acid could be used in place of 
livei extiaet He also stated that folic acid administeied to iioimal human sub 
lects ineieased the seium esteiase actmtv significantl}'^ within five horn’s 
Duiiiig the same jeai, he obseiied an incicasc in an acetylcholine-like substance 
111 the blood of patients with peuiicious anemia which letnined to noimal leiels 
aftei antipeiniPious anemia theiap-v ” At this time he noted that the seium 
esteiase activity paialleled the using led cell count 

This lepoit IS conceined vith the study of the cholinesteiase activity of 
whole blood, led cells, and plasma in patients with peinicious anemia tieated 
with folic acid and with combined folic acid and livei evtiact theiapy 

METHODS 

Se\en patients vitli pernicious anemia in relapse were stuflied The diagnosis was made 
on the basis of the peripheral blood picture, a megaloblastic bone niiiiow, the absence of 
free hjdrochlonc acid in the stomach the absence of gastrointestinal disease after fluoroscopic 
and \ rav studj, and guaiac negative stools A leticulocjtosis following adequate antiper 
melons anemia thei ipv was alwavs noted 

Base lines foi reticulocj tes, hemoglobin, red cells, and cholinesterase actniti were estab 
lished before treatment was gnen Cholinesteiase actnitj was determined in the o^alated 
venous blood before and during the course of therapj 

Cholinesterase activitj was measuicd by the method described in a prenous report 1“ 

CtSE KEPORTS 

Case 1 — B, a 70 year old white woman, known to have pernicious anemia of sev 
oral years’ duration, sought treatment because of weakness, dyspnea, and sore tongue Be 
cause of liver sensitivity she bad had no therapy for the previous four months Prior to that, 
treatment had been intermittent and irregular Physical examination revealed a sore red 
tongue The liver and spleen were not palpable The gait was normal and the Bomberg 
was negative The knee yeik reflex was hyperactive and the Babinski sign was bilaterally 
positive Position and vibratory sense were noimal 

Laboratory Data — The stools were negative for occult blood Gastric analysis re 
vealed achlorhydria after histamine The cephalin cholesterol flocculation was 1 plus and the 
icterus index was 10 The blood urea nitrogen was 15 mg and the blood sugar was 90 mg, 
per 100 ml of blood The urine was normal The bone mairow was not studied Peripheral 
blood counts are shown in Table I 

The patient was given 20 mg of folic acid by mouth daily in the form of an elixir 
Seventy two hours later improvement of appetite and general status was noted In one 
week the tongue symptoms were lelieved After three weeks, neuiological examination dis 
closed no abnormalities 

Before treatment the chobnesteiase activity of the blood was low (about one half the 
normal range) On the fourth day of therapy there was a simultaneous rise in the reticulo 
cytes and an increase of the mean cell volume and mean coll esterase Beticulocytosis was 
mamtained for sixteen days The corpuscular esterase activity reached a peak of 12 0 
(y 10-10) units (normal, 6 19 to 8 69 [x lO-io] units) on tlie twentieth day of treatmeat and 
returned to normal levels about the thirty sixth day The mean corpuscular volume tended 
to parallel the reticulocyte cuive, reaclmig a peak on the eighth day and returning to normal 
levels on the thirty sixth day The plasma esterase values remained constant througbo'i*^ 
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The erjlbrocvto count wag not significantly incrca ed until the eleventh d’ly Mean corpu cu 
lar hemoglobin gradually decreased reaching the normal range about the thirty sixth day 

Case 2 — Sr P a 73 year old I\cgro noman was admitted to lungs County Hospital 
complaining of >\eakne '<9 and uciglit loss of three months duration There ^^a3 no liistory 
of bleeding Physical examination revealed an extremely pale inalnounghed Isegro >\onian 
*5110 wis disoriented, incoherent and belligerent The only other positive finding ua bi 
laterally hyperactive hnee jerk reflexes 

Laloratory Data — -The stools were negative for blood and gastric analysis repealed 
histamino refractory aclilorliydna \ gastrointestinal senes and a barium enema study 
disclosed no abnormalities The total blood proteins were 5 8 Gm. per 100 raillditcrs The 
other blood findings per 100 ml nere calcium, 9 8 mg , pho plioru*; 3 5 mg urea nitrogen 
15 mg , blood sugar, 80 milligrams The alkaline pliosplmta'so was 4 1 units and the icterus 
wdex, 1 0 The bono marrow showed 30 per cent mcgalobla ts Tho pcnpheral blood picture 
IS shown in Table I 

Treatment of the patient was begun and 1 unit of h^er extract combined with 0 3 mg 
of folic acid was given intramu'^cularly dnilv lor tho first oventy two liours sedation was 
required A diarrhea was noted which persisted for the following ten. day After ninety 
Six hours the appetite was improved and general cUnieal improiement was noted The reticulo 
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e\te response ind tlie cholinesterase actiritj are shown in Fig 2 The patient made an un 
cientful recoierj and on discharge was instructed to take 30 units of liver extract twice 
weekh 

The initial esterase values were obtained on the second daj of therap) and were low 
(about one half the average normal lalue) On the fifth daj significant increases in red 
cell esterase and in the number of reticulocytes were noted The erjdhrocjte count rose and 
the mean corpuscular volume and hemoglobin started to fall The mean cell esterase activity 
continued to rise, reaching a peak on the eleventh daj The reticulocyte curve returned to 
normal about the eighteenth day The corpuscular esterase fell more slowlv, it was ah 
normally high after 36 da^ s, but returned to normal by the se\ entieth day The plasma 
esterase remained constant for twenty five dax s, then rose slowly, paralleling the erythrocyte 
increase 
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Case 3 J, a 70 jear old white wonnii, wns admitted to the Kings Couiitj Ho pitnl 
complaining of progresaivo dizziness and tmnitus of four montlis duration One week be 
foro admission wcakncits blood tinged diarrhea d^suna and poljTina were noted A Instorj 
of inadequate diet and the daily consumption of a pmt of liquor for tbo past thirty } car's 
was obtained On physical examination the only positiic findings wero a blowing apical 
systolic murmur, moderate right costoxcrtcbral angle tenderne s, and external hemorrhoid'! 

laboratory Data — A routine blood count revealed macrocj'tic hj-perchromic anerai i 
and 2 per cent mcgaloblasts m tlio peripheral blood Bono marrow aspiration was con 
firmatorv and a megaloblastosis of 32 5 per cent wag noted Gastric analysis was done and 
a histamine refractory achlorhydria was found The chest \ ray and gastrointestinal senes 
disclosed no abnormalities Urine examination showed man^ white blood cells with clumping 
Tho bloo d chemistry was normal 

the Medical Sen Ice of Dr W DocI nml Dr rt Janet tAatson Klnpa County 



The patient was disoiderlj on admission and on the nc\t daj ivas disoriented and 
psichotic She was given 0 5 mg of folic acid intramuscularly dailj for twelve days At 
this timo 2 mg of beta pyracin wore added to the dailj dose There nas no clinical response, 
but a reticulocj tosis of 5 2 per cent was observed After ten dajs the daily administration 
of 10 mg of folic acid intramusculaily was staited and a clinical and hematologic response 
followed Nineteen dajs later, because of continued disordered sensorium, therapy was 
changed to the dailj administration of 10 units of liier extract by the intramuscular route 
After eighteen dajs of liver therapy the sensoiium cleared and the patient made an un 
eienttul recovery 

The initial esterase values were low, averagmg 5 units of red cell esterase, 6 (xlO-n>) 
units of corpuscul ir esterase, and 1 8 umts of plasma esteiase Following inadequate therapy 
with fohc acid and beta pvTacin, red coll and corpuscular esterase activities rose to a peak 
of about 9 units (in normal range) on the twelfth daj and then fell lapidly to 6 units on 
the twentj third dij A reticuloevde peak of 5 2 per cent was noted on the ninth day The 
reticulocvtes dropped to 1 S per cent on the eleventh daj and remained at about 1 per cent 
until seven dajs after folic acid m 10 mg doses was given, when another peak of 8 2 per cent 
was noted The number of cijthrocjtes lose slightlj during the first period and then fell 
off to pietreatment levels until effective folic acid therapj was given Nine dajs later the 
lod cell and corpuscular esterase rose sharply to a peak of 11 7 units and 13 0 (xlO-m) units, 
lespectively The plasma esterase remained lelativelv constant throughout 
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CvsE 4 — ^Te , a 75 vear old white man who was seen bj one of us (L M M ), complained 
of wealmess and loss of appetite durmg a period of one year Six months previouslv he 
had been given a transfusion for "anemia” but no other therapy Physical and neurological 
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exaiinnatious disclosed no abnornnlitjes V gastrointestinal series \\as normal and there 
Avns no blood m tbo stooolg The blood findings were nonprotein nitrogen, 27 mg , and the 
fasting sugar, 9 j mg per 100 nil , icterus index S The patient was treated with 1 unit of 
liver extract dailj for tea dajs and then single injections of liver extract in ociuivalcnt unit 
do«nge were given at approxiniatelj’ weekh interval*: 

Initially the red blood cell and moan corpuscular esterase activities were within normal 
liDiits TliO pin ma activity was oalv sliglitK decrca cd Following liver therapy there wa 
a small incrca«ie in the crj’throejte c tera c activitv a maMnial value was attained on the 
sixteenth dav This viluc was sustained for an equal period of time and then fell to a lower 
plateau within the normal range The plaama c tcrase ro e to nomni on tiie nineteenth 
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day On the fourth daj after therapj, a reticulocjtosis was noted winch reached a peak of 
17 2 per cent on the seventh da} The erythrocyte count rose steadily as is shonn in 
Table H 

Case 5 — G M, an 85 }ear old white man, was admitted to the Ps}chiatric Pavilion of 
Kings Count} Hospital because he was paranoid, abusiv c, hyperemotional, and unpro 
dictable in Ins actions He nas transferred to the Medical Service when a severe anemia was 
found Ph}sical examination disclosed a well nourished man with a lemon }elloiv tint to the 
skin, icteric sclerae, ind pale conjunotnae Neurops} chiatric examination elicited gross 
memor} defect, lack of insight, and disorientation as to time and place 

Lahoratory Data — The uiine anal} sis disclosed no abnormalities Histamine refractory 
achlorh} dria was found The stools w ere free of blood The cephalin flocculation was nega 
tive and blood cholesterol was 153 mg per 100 milliliters A bone marrow aspiration re 
V ealed sheets of megaloblasts The peripheral blood findings are shown in Table I 

The patient was difficult to manage and required lestraint He was tieated with 1 unit 
of Iner extract mtramuscularly daily, and a mild clmical but no hematologic response was 
noted Ten days later he was given 10 units of liver extract After six da}s he received 
fifteen units of liver daily intramuscularly Theie was clinical improvement, but a sub 
maximal reticuloc}’tosis was obtained The patient’s mental status remained impaired and 
on the fortieth da} of observation the patient was transferred to the ps}chiatnc ward 

The imtial mean corpuscular esterase and red cell esterase activities were in the normal 
and low normal range, but the plasma activity was about one half of normal values Three 
days after the beginning of liver extract theiapy the reticiiloc} te count rose, leaching a 
plateau of 4 to C per ceut which was sustained for twenty two days The red cell esterase 
mcreased rapidly to 13 5 (xlO-io) units on the third day and then fell abruptly to the initial 
levels on the eighth day There was a secondarv rise to 14 (ylO lo) units two days later, wnth 
a peak of 1C 5 (xlO-io) units on the sixteenth day The red cell esterase values then slowlv 
fell toward lowei but normal levels The plasma activity was constant and low throughout 
the period of observation The mean cell volume was above normal for thirty days and then 
returned to normal The red cell count remained stationary at about 1,000,000 per c mm for 
sixteen days and then rose slowlv toward normal This erythrocyte response was observed 
SIX days after the second red cell esterase rise 

Case 6 — A P, a 50 year old white woman known to have pernicious anemia, was 
admitted to Emgs County Hospital for weakness and pallor of six months’ duration She 
had been treated fifteen months previously for pernicious anemia in relapse and had responded 
well to 0 B units of liver and 10 mg of folic acid intnmusculaily daily She stopped all 
medication eight months before the present admission Physical examination was negative 
Laboratory Data — A gastrointestuial series was negative and the stools wore negative 
for blood The cephalm flocculation was 1 plus, the alkaline phosphatase, 4 units, and the 
icterus index, 6 The blood total protein was 6 2 Gm per 100 milliliters The urinary 
urobilinogen was positive to a dilution of 1 10 

The patient was treated with an experimental liver fraction without hematologic or 
clinical response After five days, oral treatment with 1 unit of liver and 5 mg of folic acid 
was started Witlun forty eight hours there was marked clinical improvement The patient 
went on to make an uneventful recovery The peripheral blood picture and the cholinesterase 
response are shown in Table II 

The mitial red cell esterase values were only slightly below the normal range and rose 
rapidly to normal following the injection of an experimental liver fraction There was no 
reticulocytosis and no erythrocyte rise was noted during tlus period Three days after 
adequate tlierapv with liver and folic acid was instituted a reticulocytosis ensued A peak of 
24 per cent occurred on the seventh day On the thirteenth day, following combined oral brer 
and folic acid the mean cell cholinesterase activity rose above noinial and reached a peak 
of 10 8 (xlO'io) units on the sixteenth day The red cell esterase gradually fell to normal 
values by tho forty second day The erythiocyte count remained unchanged until eleven days 
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tifter Combined tberap-v was gnen, and then slowlj- ro e to normal levels There was an 
equivocal n e of the plasma activitj «^\cntcen days after the institution of combined 
therapy 

Case 7* — il 0, a 5G^earold white man, was admitted to Metropolitan Hospital for 
anosmia of one vear’s duration, anorexia, weakness d} pnea of effort, and dysphagia of four 
Dionths' duration Diarrhea for three weeks prior to admission was also noted The onlj 
Significant findings on physical examination were marked pallor, slight icterus of the sclcrae, a 
smooth cleau tongue, and malnutrition 

Laboratory Data — The peripheral blood revealed the pre ence of a macrocytic hyper 
c romic anemia V bone marrow a piration was compatible with perniaous anemia or 

sprue ’ The chest \ rav u ga trointe tina! series and the electrocardiogram di doced no 
iibnormalities The urine howed a 1 plus tc t for albumin The blood urea nitrogen was 15 
and the blood sugar, 115 mg per 100 milliliters The value for total blood protems was 
C 7 Gm per 100 c c , with an A/G ratio of 2 The total blood cholesterol was 200 mg per 
C.C of which 3a per cent were ester** The icterus index was 7 and the van den Bergh 

the Medical Seialce of Dr Thomas H McGa\ack Metropolitan Hospital TVelfare 
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leaction was negative The ceplialm flocculation nas negatiie and the alkaline phosphatase 
n as 19 units 

The patient was treated nith a special ev-penmental liver fraction -nithout a cluneal 
response He was then given 10 mg of folic acid dailj bj mouth, this treatment was followed 
by an uneientful clinical and hematologic remission 

Initial red cell and mean corpusculai esterase values were in the normal range The 
plasma esterase activity was about one half the mean normal value Following the injection 
of m experimental liaer fraction there was definite but unsustamed increase in erythrocvle 
cliolinesterase actmta A submaximal reticulocj tosis of 7 S per cent was also noted There 
was an equiiocal transient rise in the red blood count When all the values had returned to 
pretreatment levels, treatment with folic acid in daily oral doses of 10 mg was initiated This 
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was followed bj a rapid iiicrea c m all miIuc'J except that of plasma cliolinestcrn e, the latter 
did not change for sixteen da^p and then ro c m a manner paralleling that of the red cell 
count 


RESULTS 

111 ten pitients lutJi peinieioiis aiicniia in lelapsc the mean esterase acti^iti 
of the led blood cells ins 5 90 (xlO *”) xinits as compared xiith 7 55 (xlO '“) 
units in normal subjects In foui pitients it nas mtlun the normal lange of 
6 19 to S 69 (xlO units The plasma lexels ncic Ion nitli an average aetimh 
of 1 60 units ns eompaied nitli 3 31 units in the normal Eight of the plasmn 
determinations in the patients «ith peinicious anemia ueie uithin the iou 
normal langc (Table I) Tliiee to nine dnns after beginning effectiie anti 
pernicious anemn tlieinpi tlieie iias a lapid use in red blood cell esteiase The 
led cell actiiitn lose to ahoie normal taliic, lemamed high for tluityfine to 
eight fixe dais, and declined to the axcragc langc The plasma esterase actnata 
icmaincd uneliangcd at the initial low leads and did not use until eighteen to 
tliiitj dajs aftei the onset of cflcctiac thciapa The slope of the plasma use 
tended to pai allot the slope of the ci"} throea tc rise as both letmaied to noimal 

TaDLE I PFUMCIOCS AsEMia is Eel.use 


SAMPLE 

\uiorE 

BLOOD 

CUE 

(LMTS/ 

ML.) 

PIjVSMA 

CIIF 

(UMTS/ 
ifL ) 

r B c 

CIIF 

(UMTS/ 
ML ) 

HB 

(CM 

PEP 

100 MI-) 

n.B c 

(xlOO TER 
MM 3) 

M ca 
(cu ft) 

CELL CHE 
(UMTS 

xlO-10 

PEP CELT) 

M i 


2 32 

3 du 

04 

1 bS 

101 

3 38 

UP 

184 

144 

4 29 

40 

1 10 

127 

5 44 

Ja 

2 28 

181 

4 7o 

49 

1 29 

124 

5 90 

Vc 

312 


8 59 

55 

1 75 

97 

8 33 

G ir 

1 82 

148 

4 87 

40 

1 OC 

122 5 

5 96 

Kw 

1 11 

0 54 

6 20 

34 

0 7C 

132 

815 

Kw 

13j 

0 98 

4 36 

05 

1 30 

85 

3 69 

Cu 

160 

1 14 

5 70 

30 

0 72 

137 

7 90 

A 1 

3 4o 

297 

5 01 

55 

1 80 

100 

5 61 

M 0 

201 

14d 

7 15 

70 

1.29 

155 

11 39 

Te 

2 62 

150 

5 81 

7 0 

2 55 

102 

5 93 

Mein 

2 28 

1 48 

5 01 

5 50 

1 29 

122 j 

5 90 


^Miole blood ChE cholinesterase octKltj in i ml of whole blood Plasma ChE cholln 
e terase ucti\it> In 1 ml of plasma R B C ChE chollnegterase actMtj In 1 ml of red 
blool Cells II C "N mean con>uscuHr \olumc In cubic microns Cell ChE mean corpuscular 
t mse actl\lt> In units per cell (xlO ») 


Tlieie -wns no coirclntion bct\\ccn the iiutnl red cell cstei'isc the 

red tell count, or tlie heinoglohin concentration Tlie mean coipiiscuhi estei'ase 
''as similaih nmelatcd to the mean coipu&culai solume Theie '\as an ap 
paicnt lelationship between the iiutnl plasma esterase and the patient s 
general condition The phsniT cstciasc ■was not dependent, howetei upon the 
initial led cell count oi the hemoglobin concentration 

PolIoAving adequate antipernicious anemia thciapj and in patients mam 
tamed on adequate theiapj, the mean red cell enz^me actnitj "uas 8 31 (xlO 
units (noimal, 7 55 [xlO*®]) The plasma Ic\el in these patients was 2 63 as 
eompaied iMtli 3 31 in noimal subjects The mean hemoglobin conccntiatioii 
"ns 14 0 Gm pei 100 ml of blood, and the mean era tliroca tc count as 4 600 000 
per c mm (Table II) 
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Table n Peknicious Ane’mia in Remission 


SAMPLE 

"WHOLE 

BLOOD 

CUE 

(LNITS/ 
ML ) 

PLASMA 

CHE 

(UNITS/ 
ML ) 

RB G 

CHE 

(UNITS/ 
ML ) 

HB 

(GM PER 

100 ML ) 

PEG 

(xlOO PER 
MM 3) 

M C V 
(CU fi) 

CELL CHE 
(UNITS 
XlO-10 
PEP CELL) 

M F 

4 80 

2 30 

8 00 

14 5 

4 55 

96 5 

7 73 

M P 

5 58 

2 80 

9 26 

13 3 

4 80 

89 5 

8 31 

J*! 

5 00 

2 10 

9 35 

14 0 

4 60 

87 

8 23 

Ve 

5 37 

3 43 

8 28 

151 

5 20 

77 

6 37 

G M 

4 64 

148 

12 00 

10 5 

3 60 

83 5 

10 00 

Ham 

6 18 

3 91 

9 31 

14 0 

4 60 

91 5 

8 56 

J A 

4 92 

2 66 

9 11 

12 2 

4 40 

79 5 

7 25 

A P 

5 80 

2 86 

9 70 

14 5 

4 90 

87 7 

8 51 

M 0 

6 30 

2 16 

12 50 

12 0 

3 60 

111 

13 70 

Mean 

5 37 

2 66 

9 31 

14 0 

4 60 

87 7 

8 31 


Whole blood ChE cholinesterase acti%lty in 1 ml of uhole blood Plasma ChD cholin 
esterase activity in 1 ml of plasma R B C ChE cholinesterase activity in 1 ml of red blood 
cells M C V mean corpuscular volume in cubic microns Cell ChE mean coipuscular esterase 
activ ity in units per cell (xlO 


Fori patients (Cases 3, 5, 6, and 7) were given pieliminaiy suboptimal 
theiapy with eithei folic acid or expenmental liver fractions of vaiying potenc} 
without causing a significant rise in the eiythiocyte counts In three of these 
patients (Cases 3, 5, and 7) small reticulocyte peaks of less than 8 per cent were 
ohseived nine, five, and six days, respectively, after injection of the extract A 
lapid unsustained peak to noimal values of the mean cell esterase was noted 
nine, foui, and ten days, respectively, aftei the fraction vas given One patient 
(Case 6) had no i eticuloevtosis, and no effect on cholinesteiase values was seen 

DISCUSSION 

It would appeal that in the iioimal individual the chohnesteiase activity 
of the whole blood, led cells, and plasma lemains constant within a narioiv 
lange fiom day to day and month to month Patients with pernicious anemia 
in 1 elapse exhibit low whole blood, led cell, and plasma esterase activity When 
theiapy is instituted the esteiase actinty of whole blood and red cells increases 
lapidlj" This inciease is shown to be due to an inciease in the mean red cell 
esteiase activity and does not leflect an eijdhiocyte rise which it mvaiiablv 
piecedes The plasma cholinesteiase lemains constant duiing this peiiod In 
foul patients (Cases 1, 2, 3, and 7) the initial rapid led cell cholinesteiase use 
oceuiied at the same time that a leticulocytosis was noted In cases 4 and 6 
the 1 eticuloev'tosis pieceded the red cell esteiase use In Case 5 the reticulo 
cytosis continued even when the led cell esteiase activity was falling Wheie 
snbeffective theiapv^ was given, minimal reticulocjfiic i espouse was associated 
with significant red cell esteiase use Thus, a direct lelationship between led 
cell esteiase and reticuloeytosis could not be established In Cases 2, 3, 5, 6, 
and 7 the cell cholinesteiase was not dependent on the mean cell volume In two 
patients (Cases 1 and 4) the red cell esteiase curves closely followed the cuive 
of the mean cell volume 

Apparently patients with peniieious anemia in relapse have erythrocytes 
that aie abnomiallj^ low in cholinesteiase activity, and plasma that exlubits a 
subnoimal esteiase activity The administration of liver extract or folic acid. 
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parenterallj or orallj, as ammcdiately followed bj 111 increase m the cliolinc 
sterase activitj of the led cells Tins increose is most frequentlj ciriied to levels 
greater than those found in the red cells of noimal subjects Following a 
lariablo period of time (about fi\e to ten weeks) the led cell actintj declines 
to and remains w ithin the normal range At this time 1 rise in plasma esterase 
IS noted 

Sabine’ postulated a noional mechanism for maintaining a high esterase in 
the mature cell of the aneniie patient and the failure of the mechanism in the 
patient wliose mariow is incapable of responding She fuithei postulated a 
specific defect m peimcioiis anemia with an “mabilitj to put out cholinesterase 
m adequate amounts in such cells as the mairow produces ” Davis'° ’ believes 
that relapse in peinicious anemia is lelatcd to the increased actiiitj of acetyl 
choline He bebeves tint this nci eased concentiaton pioduccs a dilatation of the 
vascular network of the bone mairow with an increase in marrow o\jgen ten 
Sion 'With this inciease in oxjgen tension an inhibition of the maturaton of 
cells of the erj-throid senes occuis 

Wo have accumulated data’” 111 laiious othci anemias It is our experience 
that pernicious anemia alone shows the consistent! v low cholinesterase activities 
wo ha\e described, watli the possible exception of mjeloid leiicemia Othei 
anemias with stmilai low hemoglobin and eotliioevte counts are associated with 
normal 01 abote normal rod cell csteiase actintj The plasma aotmt} in these 
cases IS dependent upon the patients’ genenl condition being as low as 01 lower 
than the leiols hotoin teported Reticulocjte counts m these eases ha\e re 
tealed no consistent trend 

SUMMABl 

Obsenations on seien patients with pcinieioiis anemia in relapse aie le 
poited The cholinesterase aetmtj of whole blood red cells and plasma has 
been followed during then icturn to remission 

The cholinesterase activitj of whole blood, led cells, and plasma 111 pei 
nicioiis anemia patients in relapse is below normal levels 

With therapy, the cholinesterase activity of the red cell is the fiist to use 
This rise in actii itj is not related to the reticulocj tosis the mean cell \ olume 
et the ineiease in the number of rod cells 

The plasma activitj remains constant until the v slues for red cell esterase 
have become abnoionallj high and then have letuincd to normal levels 

The authors cypress their appreciation to Dr Robert A. Lehman Department of 
Therapeutics Nci\ "iork Universit} College of Medicine, for In«i many helpful criticisms and 
suggestion 
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A STUDY OP CHOLINrSTERASE ACTIVITY IN THE BLOOD OP 
NORMAL SUBJECTS 


AllTHUIt SWMTSKI, II D * IIO\\ VRD J[ PlTCH, PlI D , ^^D Lfo HI Mfyer, MD 
Njw York, N V 

T^ALB,’ jn 1914, postulated the picseiiec o£ i blood esterase ubich uould in 
actuate acetileholme Loewi, uoikmg uitli the isolated fiog lieait, dem 
oiistiated tint stimulation o£ tlio tagus libeiatcd a substance wliieli itself iias 
capiblo of tnoducing the effect pieviously thought to be due to action of the 
neue Loewi and NaintiP showed that this tagus substance was an estei of 
clioliiic, piobablj aectjlcholino These authors also found that aqueous extracts 
of flog lieait inactuated acetj Icholme Because these cxti-icts acted in an 
enzyme like manner, thej called the aetue piinciple an estciase In 1930 
Biigelliai-t and LoewV and, indcpcndentlj , Matthes” eonclusuelj demonstrated 
the ciizjmic natiue of the destiuetue agent Tliice jears latci, Stedman 
Stcdmaii, and Easton” pieseiited etidcnee of the picscnce of eholincsteiase in 
the blood serum of the lioisc In 1935, Stcdninn and Stedman reported that 
scia fiom diffeient species diffeied widclt with icspect to the content of cholin 
csteiaso These authors found tint the cijthiocytes of tarious species of an 
imals also contained appreciable amounts of enzjTiic Bj this time a host of 
papci's had appealed and \auotis phases and charaetcristics of tlie enzjTuo weio 
lepoitcd in the litontiiio Almost all of the oailier work was based on the 
enzmo piescnt in sciiim oi plasma 

Plattnei and Galelii,® using a biologic assay method, found that the cliolin 
cslciase activity of cnthioeytes was gieatci than that of seiaim Matthes 
eoiiflimed this finding Stcihnan and Stedman showed in a senes of experiments 
using a iilijsicocheraical technique that scia of different species diffeied wideh 
With icspcet to the cliolincstci'aso content and that the erjthroeytes of vaiious 
species contained appreciable amounts of cnzjmc Hall and Lucas“ studied 
noimal and pathologic human scia and concluded that age sex, activitv, diet, 
heart late, and blood pressure were vvitbout influence on the serum esterase 
Tlioj leiioitcd that the range of sciaim esterase values for anj individual was 
constant, but that this mi„ht vai'j widelj from individual to individual In 
1940, Sabine’" showed that the eholincstcrase activity of cijthrocjtes was 
gicatei than that of plasma in both normal and pathologic subjects Alles and 
Hawes” confiimed hei findings 

Brauer and Root’ receiitlv demonstiatcd a correlation between livei 
cholmestciasc and the scium esterase of the dog Similarlj it has been sliowoi” 
that the rate of human serum esterase regeneration is significantlj lower in 
patients with liver disease than in the normal subject Cohn and covvoikeis” 
have found that plasma esterase nctivitj is laigelj eoncentrated in plasma fiac 
tioii IV 4 This plasma fiactioii is iicli in alpha and beta globulins of low Iipid 

From the Department of Therapeutics New Xork Unlversltj College of Vledlclne 
Rccol\cd for publication Aug 2S 1947 
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content jMendel and associates,^®- on the basis of substiate concentrations and 
substiate specificity, postulate two different cholinesterases in the body — one a 
specific of tiue esteiase found in red blood cells and brain tissue, the other a 
nonspecific oi pseudoesteiase found in seium and plasma Nachmansohn and 
Rothenberg^^- have inclined toward the view that specificity is relative and 
that tissues containmg the specific esterase split acetylcholine at a higher rate 
than they split other esteis Bodanslcy^® speaks of a “family” of cholm 
esterases whose membeis lesemble one another in some chaiactenstics and dif 
fei in others Thus, withm one species the enzyme diffeis m certain respects 
fiom tissue to tissue, and in a given tissue, from species to species 

METHODS 

The plasma and red cell cholinesterase activities of random blood samples taken from 
nine male and six female subjects were determined Serial samples were tested at monthly 
intervals in three of these subjects Oxalated venous blood was drawn from a vein in the 
antecubital fossa The hematocrit (Wintrobe) was determined and the samples separated 
mto whole blood and plasma A complete capillary blood count was done at this time 
Eandom reticulocyte counts v, ere done in five subjects 

The cholinesterase activity was measured in units representing the number of milli 
liters of 0 021sr sodium hydroxide necessary to neutralize the acetic acid liberated from 100 
ml of 0 012M acetylcholine bromide solution by 1 ml of whole blood or plasma in a twenty 
minute penod at a pH of 7 4 ± 0 05 The temperature was held constant at 37 5° C Bed 
cell esterase activity was calculated from the whole blood activity, plasma activity, and the 
hematocrit value A correction factor appbed to all esterase values was derived from a de 
termination of the amount of acetylcholine hydrolyzed under the same conditions in the ah 
sence of blood The mean corpuscular esterase was calculated by multiplying the red cell 
esterase activity by the mean corpuscular volume 

Mean cell ChE = Bed Cell CliE x M C V 
Uiuts/cell = Units/ml x ml /cell 


RESULTS (see tables I AND n) 

Table I Cholinesterase Activity of Normal Human Subjects 


SAMPLE 

WHOLE 

BLOOD 

CHE 

(units/ 

ML ) 1 

PLASMA 

CHE 

(UNITS/ 
ML ) 

R B C 
CHE 

(UNITS/ 

! ML ) 

HB 

' (GM PER 
100 ML ) 1 

R B C 

(x 10® PER 
MM 3) 

MCV 
(CU fl) 

C CHE 

(units X 

10-It> PER 

cell) 

A S 

$ 

6 06 

3 51 

944 

15 5 

5 25 

82 

7 74 

B S 

9 

4 46 

150 

8 55 

14 6 

5 05 

84 

719 

L E 

9 

5 33 

2 71 

9 10 

15 9 

5 15 

80 

7 28 

H E 

$ 

6 71 

3 33 

10 34 

161 

5 75 

84 

8 69 

B E 

S 

5 14 

2 58 

8 40 

15 2 

5 25 

84 

7 06 

A J K 

S 

5 22 

1 83 

8 90 

16 2 

5 30 

91 

810 

C E 

S 

6 62 

4 14 

9 64 

14 3 

510 

88 

8 47 

J M, 

9 

5 39 

3 95 

744 

14 0 

4 85 

85 

6 32 

F K 

9 

6 65 

4 92 

8 76 

15 4 

5 20 

87 

7 64 

A 0 

$ 

6 84 

4 13 

1016 

17 0 

5 65 

80 

8 12 

B Sell 

$ 

4 83 

2 92 

7 25 

141 

516 

85 

619 

L G 

9 

6 76 

5 00 

8 52 

16 2 

5 30 

94 

8 06 

P S 

9 

5 08 

3 00 

7 84 

15 0 

4 85 

89 5 

7 02 

S S 

$ 

5 40 

2 95 

8 40 

15 1 

5 20 

86 5 

7 27 

H K 

$ 

5 81 

3 19 

8 82 

15 5 

5 42 

85 

7 55 

Mean 


5 40 

3 19 

8 76 

15 4 

5 20 

85 

7 55 


V hole blood ChE cholinesterase activity of 1 ml whole blood Plasma ChE cholln^ 
terase actiiity of 1 ml plasma BBC ChE cholinesterase activitj of 1 ml red blood cells 
MCV mean corpuscular volume C ChE mean corpuscular cholinesterase acthltj, units per 
cell 1 
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Table U Cholinesterase Aonnrr of Nopmai. HoiiAN Subjects, Eepeateo Samplings 


SUBJECT 1 

1 

DATE 

WHOLE BLOOD 

cm 

( UMTS/ML ) 

PLt&MA one 

Cr NITS/ML ) 

rue CUE 1 
(UNITS/ML) 

0 CHE 

(UNITS/CELL) 

A 8 

12/9 

6 13 

3 43 

9 42 

7 70 

s 

2/5 

0 06 

3 51 

9 44 

7 74 


i/7 

5 98 

3 20 

9 38 

7 47 

A, J E 

12/9 

5 22 

183 

8 90 

810 

s 

2/24 

5 40 

2 02 

DOG 

815 


6/23 

5 30 

197 

9 06 

8 05 

S S 

2/5 

5 40 

2 95 

8 40 

7 27 

3 

4/7 

5 52 

3 01 

8 4G 

7 26 


5/23 

5 40 

2 89 

8 GO 

7 54 


The cliolmestei*ase nctiMt-^ of 1 ml of red blood cells nnged fiom 7 25 to 
10 34 units, ^ith a mean value of 8 76 units The mean corpuscular esterase 
actmtj varied from 6 19 to S 69 units (x 10 a mean \alue of 7 55 units 

(x 10 The csteiase actiMt\ of 1 ml of plasma was found to be 1 50 to 5 00 
units, With a mean of 3 19 units Activity did not seem to be influenced b> sex 
Although the actuitj lancd maikedly from indmdual to individual, within 
the same subject the actuitj lemaincd latlier constant (see Table II) 

summary 

Our lesults confiim the findings of picvious workeis that ni the liuman 
subject cholinesterase activity of the red blood cell is greater than that of the 
plasma The cholinesterase actmty may laiy widely fiom indmdual to indi 
vidual, but tends to lemam fairlj- constant m any one indmdual 
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A COMPARISON OP MLTnODS LSLD FOR THt H\DROL\SIS OF 
CONJUGATED URINARY ESTROGENS 


JoH\ T VvN Brlcgen, PhD* 
Sr Louis, Mo 


A PREVIOUS report fiom this lobonloij suggested the need foi i thoi 
ough study of the methods loi the hsdiohsis of urimi'y estrogens 
Gallagher' has reviewed a numlier of the factors concerned m nrme hjdrohsis 
and has pointed out that present methods are not entiieh satisfactorj 

In addition, the faet that most methods of nrme ha drolj sis haa e established 
definite time intervals of treatment indicates that acid hydrolysis of nrme may 
be, m realitj, a balance bctaieen two simultaneons reactions namela, hj drolj sis 
and destruction The method giaiiig the greatest aicld of free forms, then 
would he one aahicli caused the hadiolasis of a masimum amount of conjugated 
forms while the dcstmetiae process avas kept at a minimum The mechanics 
of the reactions that cause a decicase in biologic actiaitj of estrogen prepara 
tions subjected to acid ha drolj sis are as vet unknoam Pincus and Poarlman" 
have reaaeaved the subject of aitifacts aiismg from the acid treatment of andro 
gen preparations and thej point out the misconceptions that may arise from 
such procedures 

Good jnelds of free estrogens aaerc obtamed bj Cohen and Marnan bj 
adjusting the pH of the unne to 1 0 avitli HCl, further acidifaing aaitli 3 3 ml 
of 12 N HCl per 100 ml urine, and finallj , heating the sample at 120° 0 for 
taao hours Smith and Smith' adaocated the use of reflui. hadrolysis for ten 
minutes of unne samples made to 15 volumes per cent aaath HCl and found 
oOod agreement between their method and the Cohen and Marnan procedure 
Dmgemanse, Laqueur, and Jluhlbock* hvdrolazcd unne anth 15 ml of 25 
per cent HCl per 100 ml urine and at the same time extracted freed forms 
with a laaer of benzene Three four hour penods of boiling with a total of 
150 ml of organic solvent aaere used 

Other methods of treatment haae been suggested' ® but because of 
difficulties of too mild or too drastic conditions have not been adopted generallj 
Leiboff and Tamis,° Smith and Smith" and GaUa^her Peterson Doifm in 
Kenjon and Koch° have used continuous exti action equipment for the extraction 
of hj drolj zed urine Talbot, Butler JIacLachlan, and Jones’” reported a pro 
eedure for the simultaneous hydroljsis and extraction of urinary 17 ketosteroids 
Before urine hydrolysis studies were undertaken the effect of hjdrolasis 
conditions on pure estrogens avas ascertained 


work Is aamlttecllj Incomplete but nince It li not possible to continue the Intcstlga 
I 7? time the^f' results nre boinp piibUsheJ In the hope that thej may be of Interest to 
>n\€stleators In the field 

Prom the Department of Bloclmrnlstrx St Ix)iils UnUersltj School of srocllclne 
Rec !\ el for publication Nov 3 191”^ 
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Effect of Acid Hydi olysis on Fi ce Esfi ogcns — Sinitli and fo^ffi(l 

tlieie was no loss of aetnity of estioue, estiiol, oi a-estiadiol when solutions of 
these foims ueie tieated by then hydi olysis conditions, namely 100° C for ten 
minutes with 15 volumes pci cent HCl, hut they found theie uas an appic 
ciable destiuction of estione by heating at 100° C foi twenty minutes iiith 
15 volumes pei cent HCl 

We have confiimed the obseiiatioii tliat pioloiiged boiling of puie estro 
gens m 15 volumes per cent HCl causes destiuetioii Thirty mmutes of boiling 
of pure estrogens m distilled watei made 1 6 N with HCl caused 28 per cent 
destiuction of estriol, 34 per cent of estione, and 34 pei cent of a-estradiol As 
previously lepoited,'^ no destiuction of activity oeeuiied when pine estiogeus 
weie hydiolj/ed in an atmosphere of mtiogen and in the piesence of a protective 
agent (l-amino-2-naphtliol4-sulfonie acid) Residual estrogenic activity was 
determined bj bio-assaj^ foi coloiimetiie deteiminations on these same fiactions 
showed a nude discrepancy fiom bio-assay results 

Rydiotysis of Knoum Conjugated Esfiogen — The pimcipal estiogeu con 
jugate 111 human uime appeals to be estnol glueuronide Although estrone 
also may be excietcd in a conjugated form (perhaps as the sulfate, as in maie 
urine), such a eompouiid has not been isolated from human sources 

The conditions affecting hjdi olysis of the puie estiiol conjugate have not 
been lepoited pieviously We liave studied tlie behavioi of this compound 
under three conditions listed below Aliqnots of standaid solutions of sodium 
estnol giueuionate* iveie added to distilled watei and further treated in the 
following manner Tlie firet sample was adjusted to a pH of 1 0 with HCl and 
allowed to stand at room tempeiatuie for ten doj^s Such treatment liberated 
only 5 pel cent of the combined form The second sample was hydrolyzed for 
ten minutes at 100° C with 15 volumes per cent HCl, under and in the 
presence of the previousR desciibed protective agent, and gave 99 per cent 
hydrolysis The thud preparation was tieated like the second except that onl} 
enough HCl w'as added to make the solution 0 1 N In this case only 20 per cent 
of the estnol was hbeiated 

The second and thud samples show the importance of acid concentration 
and the necessity of heat treatment and also indicate that the acid and heat 
tieatmeiit of the Smith and Smitld^ procedure aie effective liydioljdie agents 
for this conjugate in pure solution 

Hydi olysis of Picgnancy TJnne — Pielimmary studies on each of fire wines 
obtained during the fifth and sixth month of pi egnancy indicated a eonsiderahk 
variation m results The Smith hydioljsis and oui piotective hydioljsis moth 
fication of the Smith method were the chief methods employed These studies 
indicated that nitiogcn and the piotective agent in a few cases gave higher 
amounts of freed estiogens As Doisy has picsiously lepoited,'' in one of the 
nnnes tried, the potency of an aliquot of a twenty-foui hour specimen was 
doubled as the time of hvdiolisis was incieased fiom ten minutes to foitv fi^e 
minutes 

•obtained througli tbe Kindness of A S CooK of A^erst McKenna and Harrt=o>' 
Montreal Canada. 
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To mimmize the possible \ariations gneii lij single isolated specimens and 
to imuie in adequate siipplj of mine for future noil in 18 litei sample of 
pregnane} urine i\ is collected by poobng tiicnt} foui hour mine specimens from 
patients scien months piegnant Tins pooled unne ms picseiied Mitli chloro 
form, the pH adjusted to 7 0, and the urine filtered and stored at 3 to 5° C 
The espeiiments to be deseiibcd icprcsent i compinson of a number of tech 
mques all ciriied out on aliquots of tins stoel uiine 

Bioassaj, bi a modified Maiiian and Paiker method rccenth described 
b} Thajer, Dois}, Jr, and Doisj uas conducted on all estiogcnic fractions 

After prelimmarj assajs had determined the proper dose le\el, the final 
assaj s of an experiment ivere run on a group of animals a\ ailable on a single 
assaj daj A minimum of tuentj animals «as used at each assaj level and 
tiienty animals seiied as contiols Although great care uas taken in these 
liio assays it must be kept in mind that diffoi cnees in results of 20 per cent 
probahlj aie not significant 

The yield of estrogen obtained in each of the cxpciiments indicated that 
although ether extracts of hjdroljzcd mines nerc furthci separated into 
phenolic, nonphenolie, and acidic fractions, coloiomctno analysis bj a modified 
sulfanilic acid method (Van Bruggen") and bj Bachman’s method^ gave results 
that differed maikedU from the bio assay lesults Although a few such chem 
ical determinations ga\e good agreement uitli bioassaj figures, foi the most 
part the colorimetric dcteiminations gaic values from two to eight times higher 
than bio assays 

Preliminarj studies indicated that the ten minute hjdioljsis with 15 vol 
araes per cent did not give complete hydrolysis of combined forms To test 
this possibility, several experiments were carried out 

Experiments 1 and 2 — Of the 18 liter pooled sample, 1,200 ml weie acidified 
to 15 volumes per cent with HCl and lefluxcd in an all glass apparatus fitted 
wath a siphon This arrangement permitted the withdrawal of samples of the 
boiling urine at various time interials One bundled fifteen milliter samples 
were withdrawn, cooled under water, and saturated with NaCl to help prevent 
emulsion formation The estrogens were extracted from the treated urine with 
four 50 ml portions of punfied ethyl ether The combined ether extracts were 
washed wath 9 per cent NaHCOs dilute HCl and distilled water The ether 
was removed by distillation and the residue taken up m 95 per cent ethanol 
fhe zero hour sample was taken after acidification but befoie the system was 
heated and should thus lepresent free estrogens present A similar experiment 
was carried out but differed fiom the first in that 125 mg of 1 ammo 2 naphthol 
4 sulfonic acid per 100 ml urine were added to the unne In addition N 
was passed through the urine for a ten minute period before heating was started 
Well as durmg the hydrolysis Table I lists the data obtained from these 
two experiments 

Experiment 3 — In this cxpoiimciit the method of 5Iairian= and several 
modifications of his method weie studied Thicc 100 ml aliquots of the pooled 
urine were adjusted to a pH of 1 0 with HCl To one of these an additional 
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Ejfect of Acid Hydiolysis on Fiee Estiogcns — Smith and Smitld^ found 
theie was no loss of activity of estione, cstiiol, oi a-estiadiol when solutions of 
these forms weie tieated by then hj^drolysis conditions, namely 100° C for ten 
minutes with 15 volumes pci cent HCl, but thej found theie was an appro 
ciable destiuctioii of estione by lieating at 100° C foi twenty minutes mtli 
15 volumes pei cent HCl 

We have confiimed the obseiiation that piolonged boiling of pure estro 
gens in 15 volumes per cent HCl causes destruction Thiity mmutes of boiling 
of pure estrogens in distilled watei made 1 6 N with HCl caused 28 per cent 
destruction of estiiol, 34 per cent of estione, and 34 pei cent of a estradiol As 
previously lepoited,^ no destiiietion of activity occurred when pure estrogens 
were hydiohzed m an atmosphere of nitrogen and in the presence of a protective 
agent (1-amiiio 2-naphthol-4-sulfonic acid) Residual estiogenic activity was 
determined by bio-assay, for coloiimetiic determinations on these same fractions 
showed a vide discrepancy from bio-assas'’ results 

Hydiolysis of Knoion Conjugated Estiogen — The principal estiogen con 
jugate in human urine appears to be estiiol glueuionide Although estione 
also may be excreted m a conjugated form (perhaps as the sulfate, as ui mare 
urine), such a compound has not been isolated fiom human sources 

The conditions atfeetmg hydiolj'Sis of the pure estiiol conjugate have not 
been reported previously We have studied the behavuoi of this compoimd 
under three conditions listed below Aliquots of standard solutions of sodium 
estriol glucuronate were added to distilled water and further tieated in tbe 
following manner The fir’s! sample was adjusted to a pH of 1 0 with HCl and 
allowed to stand at room tempeiatuie for ten days Such treatment liberated 
only 5 per cent of the combined foim The second sample was hydrohzed for 
ten minutes at 100° C with 15 volumes per cent HCl, under Nj and in tbe 
presence of the previously desciibed protective agent, and gave 99 per cent 
hydrolysis The third preparation was tieated like the second except that onb 
enough HCl was added to make the solution 0 1 N In this case only 20 per cent 
of the estriol wms liberated 


The second and thud samples show the importance of acid concentration 
and the neeessitv^ of heat treatment and also mdicate that the acid and hea 
treatment of the Smith and Sniith^- pioceduie are effective livcliolvdic agents 
for this conjugate in pure solution 

Hydiolysis of Piegnancy JJnne — Preliminary studies on each of five unn^ 
obtained duimg tlie fifth and sixth month of piegnancy indicated a considera c 
variation in results The Smith hydrolysis and our protective hydroljsis modi 
fication of the Smith method were the chief metliods emplojed These stn lo® 
indicated that nitiosjen and the piotective agent in a few^ cases gave lugb^ 
amounts of freed estrogens As Doisy has pievuously ieported,“ m one of 
mines tried, the potencj’ of an aliquot of a tvventj’’-four hour specimen vas 
doubled as the time of hjdiolvsis was increased fiom ten mmutes to fortv 


mmutes 


‘Obtained through the kindness of V S Cook of Aierst McKenna and Harrier 
Alontreal Canada. 
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To minimize tho possible %aiiations gnen bj single isolated specimens and 
to insure an adequate siipplj' of iiiiiie foi future work, an 18 liter sample of 
pregnancj iiniic Mas collected by poobng tMCiitj foui bom uime specimens from 
patients seicn months piognant This pooled mine Mas preserved Mitli cldoio 
form, the pH adpisted to 7 0, and the urine filtered and stored at 3 to 5° C 
The experiments to bo desciibed leprcsent a eomjiaiisou of a inimboi of tech 
mques all carried out on aliquots of this stock urine 

Bio-assa), bj a modified Marrian and Paiker method recenth described 
b} Thayer, Doisy, Jr, and Doisj,’‘ Mas conducted on all estrogenic fractions 

After prcliramarj assays had dctci mined the proper dose lei cl tiie final 
assays of an cxpeiimcnt Mere run on a group of animals available on a single 
assay day A minimum of twenty animals was used at each assay level and 
tiienty animals served as controls Altliongli great care was taken in these 
bio-assays, it must be kept in mind that differences in lesiilts of 20 per cent 
probably arc not significant 

The yield of estrogen obtained m each of the experiments indicated that 
although ether extracts of hydrolyzed uinics wore furthei separated into 
phenolic, noiiphonolic, and acidic fractions, colonmotrio analysis by a modified 
Eiilfamlic acid method (Van Bruggeu’ ) and by Bachman’s method' gave results 
that differed maikedlv fiom the bio assay icsults Although a few such chem 
ical determinations gave good agreement with bio assay figures, for the most 
part the colotimotrie determinations gave values fiom two to eight times higher 
than bio assay s 

Prehminary studios indicated that the ten minute hydrolysis with 15 vol 
limes per cent did not give complete hydrolysis of combined foms To test 
this possibdity, several experiments were carried out 

Expenments 1 and 3 —Of the 18 liter pooled sample, 1,200 ml were acidified 
to 15 volumes pei cent with HOI and refluxed in an all glass apparatus fitted 
"■ith a siphon This arrangement permitted the withdrawal of samples of the 
boiling urine at various time intervals One hundred fifteen milliter samples 
"■ere withdrawn, cooled under water, and saturated with NaCl to help prevent 
emulsion formation The estrogens were extracted from the treated uime with 
four 50 ml portions of purified ethyl ether The combined ether extracts were 
'raslied with 9 per cent NaHCOj dilute HQ, and distiUcd water The ether 
"■as removed by distillation and the residue taken up in 95 per cent ethanol 
The zero hour sample was taken after acidification but before the system was 
heated and should thus represent free estrogens present A similar experiment 
was earned out but differed fiom the first in that 125 mg of 1 ammo 2 naphthol 
f sulfonic acid per 100 ml iinne were added to the urine In addition, N 
"as Passed thiough the urine for a ten minute period before heating was started 
"s well as during the hydiolvsis Table I lists tho data obtained fiom these 
two experiments 

^^perment 5— In this experiment, the method of M-irrian and several 
"lodifications of his method weie studied Tliiee 100 ml aliquots of the pooled 
"fine were adyusted to a pH of 1 0 wnth HCl To one of these an additional 
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Table I Hydrolysis op Pooled Pregnanoy Heine With 15 Volumes Pep Cent HCl 
(Column A, Activity Eecoveeed Without Peotection, Column B, Activity EECOTntni 
With N_ and the Pfotective Agent) 


SAMPLE 

TIME OF HYDROLYSIS 
(MIN ) 

M U 

A 

PER LITEF 

B 

1 

0 

37,812 

34,300 

0 

10 

75,050 

98,250 

3 

20 

91,313 

98,250 

4 

30 

110,000 

75,000 

5 

40 

96,250 

80,000 

6 

50 

110,000 

98,000 

7 

60 

89,375 

121,000 

8 

90 

75,625 

60,500 

9 

120 

86,400 

70,000 

10 

240 


50,000 


1 ml of concentiated HCl vas added, to the othei tvo, 3 ml additional HCl 
vere added One of these two also leeeivcd a small amount of the piotectnc 
agent Two othei 100 ml samples w'eie adjusted to a pH of 1 00 with H.SO^ 
One of these leceived an additional 1 ml of eoneentiated H 2 SO 4 , the other, 
3 ml of H 2 SO 4 The five flasks w'ere then simultaneously autoclaved at 120° 
C for tw'o houis Aftei this piessuie hydiolysis, the samples w'eie cooled and 
extiacted by the technique mentioned m Expeiiment 1 Table II compares the 
lesults of the experiment on the five samples 

Table II Two Houe Pressuee Hydfolysis at 120° C op Aliquots of the Pooled UMni, 
All Samples Being First Adjusted to pH 1 0 With the Appeopeiate Acid 


sample j additional TEEATaiENT ai U PER LlTEF _ — 

1 1 ml HCl per 100 ml urine 116,880 

2 3 ml HCl per 100 ml urine 123,750 

3 3 ml HCl per 100 ml urine plus protective 132,000 

agent 

4 1 ml H SO< per 100 ml urme 86,663 

5 3 ml H SO, per 100 ml urine 103,120 


Expei iment 4 — The high activity of fractions 4-A and 7-B of Experiments 
1 and 2 (Table I) after the ten-minute time as weU as the good jaeld of the 
third fraction (Table III) suggested that the ten-minute hydiolysis with 1 
volumes per cent HCl was not liberating all of the combined estiogens This 
expeiament was devised to determine the degree of hydrolysis effected by the 
Smith'“ method as peifoimed in our ex 2 ieiiments One liter of the pooled nrme 
w as made acid to 15 volumes per cent with HCl and heated m the same appnm 
tus used m Experiments 1 and 2 Samples were taken and extracted four 


Table III Preliminary Hydrolysis and Extraction (Column A) and Subsequent 
Eecoveey op Estrogens by Hydrolysis and Extraction (Column B) 


SAMPLE 

I 

o 


4 

5 

6 


TIME OF 


HVDPOLYSIS OP 

M U PER LITER 

FIPwST SAMPLE (A) 

A B 


0 

10 

30 

60 

90 

120 


38,800 
95,000 
82 500 
110,000 
82,500 
89,375 


55,000 

31,250 

6,250 

800 

1,000 

1,200 


total FPCOVETT 
(A FLUS J)^ 
9^00 
126,250 
88,750 
110,800 
83,500 
90,575 
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times with ether as before However, after free estrogens had been extracted 
With ether, the urine residue was thoroughlj extracted with butjl alcohol to 
remove conjugated forms The butjl alcohol was concentrated, the residue dis 
sohed in 100 ml A\ater, HCl was added to 15 volumes per cent, and the e\ 
tract hjdrolyzed for ten minutes, the estrogens were removed ivith ether as 
before Each extract was assaj ed separatelj In Tabic III, column A represents 
the actmtj obtained by the first hydrolysis and column B represents activity 
present in the hjdrolyzate of the butanol extractions Activity in B, then, rep 
resents estrogens not hydrolyzed or extracted by a simple acid hydrolysis 

Exyenment 5 — 'The high activity of the B fraction of the ten minute 
hjdrohsis of the preiious experiment might be due to one or both of two fae 
tors Although the distiibution coefiieient of an acid ethei partition strongly 
faiors the movement of estrogens mto the organic phase, it is possible that 
faulty extraction of the urine might account for the activity of the B fraction 
On the other hand, incomplete hydrolysis at ten minutes might cause the reteu 
lion of activity in the watei phase The following data were obtamed in an 
effort to clear np this matter An aliquot of the pooled unne was hy diolvzed 
or ten minutes with 15 volumes per cent HCl After the customary ether 
extraction, the urine residue was extracted with butanol The butanol extract 
was divided into two equal parts, one half of which was concentrated at a low 
emperaturo under suction to ayoid hydrolysis during this time The other half 
0 the hutanol extract was concentrated and rchydrolyzed as m Experiment d 
his fraction then contains the other soluble estrogens after hydrolysis of the 
utanol extract In the original ether extract 103,100 M U per liter were found, 
,000 MU per liter yvere found in the butanol extract that was not rehydrolyzed 
ho butanol fraction that was rchydrolyzed showed 15,000 M U per liter 

The effectiveness of continuous extraction and hydrolysis was studied m a 
number of expenments It was felt that if the free estrogens could be extracted 
y an organic solvent immediately after their release from the conjugate form, 
hat destruction might be minimized Attempts to accomplish this hy a number 
of methods are reported below 

^^penment 6 — One hundred milbliter samples of the pooled urine were 
Made to 15 volumes per cent HCl and were then lay ered with 100 ml amounts 
of toluene, butanol, henzene, and cyeiohexanoi, respectively Such systems were 
oiled Under reflux for two hours Durmg the heating period, good contact 
otween the unne and the oiganie solvent was assured by the bubblmg of a 
stream of nitrogen through the solutions After the two hour heatmg the 
hrine and solvent yvere cooled the organic solvent layer removed, and the 
Unne residue further extracted with three additional portions of the same 
solvent used during the heating penod Toluene gave a recovery of 41,300 
lU per liter, butanol, 82,500 benzene, 64 800, and cy clobexanol, 70,000 

l^xpenment 7 — Since the original hydrolysis and extraction described by 
■ugemanse and co workers* was for a considerably longer period of time, and 

in addition, a greater total amount of solvent, the procedure of Expen 
Went 6 was not comparable To approximate the conditions used by Dmge 
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manse, 100 ml of mine were acidified with 23 ml HCl, the mine coveied mth 
100 ml benzene, and the mixture refluxed foi fom horns The benzene was 
lemoved and leplaced with 100 ml fiesh solvent and the urme and benzene 
again lefluxed A thud such treatment gave a total of 300 ml benzene used 
dunng a total hydrolysis and extraction peiiod of twelve hours The benzene 
solutions weie combined, washed with a small am omit of water, and taken 
to drjTiess By this method, a total of 500,000 M U per liter was obtamed 

Expeummt 8 — The principle of the previously mentioned continuous 
hydiohsis and extraction procedure of Talbot and associates^® was apphed to 
our problem of estrogen lecorery The apparatus used was similar m construe 
tion to that desenbed by Smith and Smith The lighter-than-water solvents 
used were delivered to the bottom of the urine phase by a tube having a poious 
glass disk at the bottom The column of urine was surrounded, in addition, 
by a water bath that permrtted the maintenance of the urine at elevated tempei 
atmes With benzene as the eiieulating solvent, the mine was kept at 70° C 
and 77,000 MU per liter were obtained, with toluene the temperature was 
80° C , 77,000 Jr U per liter being found, and cyelohexanol permitted a tempeia 
tme of 90° C rvith a recovery of 100,000 M U per litei 


table TV Hydrolysis of Conjugated Estrogen in Butyl Alcohol 


SAMPLE 

1 TIME OP HEATING | 

M U PER LITER 

1 

0 


2 

10 

107,250 

3 

60 

103,125 

4 

120 

148,500 


Expeument 9 — Liqiud ammonia has rvithm recent years been extensively 
employed in organic hjMrohsis pioceduies Hy'drolysis with liquid ammoma 
(ammonotysis) was attempted m two ways In Expeument 9a the total estio 
gens were extracted from urine rvith butanol After the butanol was evaporated, 
the residue was taken up in 20 ml dry butanol and 40 ml liquid ammonia 
were added The mixture (in an open glass tube) was enclosed m a bomb made 
of two-inch steel pipe capped at each end by ordinary pipe caps After fortv 
eight hours at looni temper atuie the residue was distilled to dryness and taken 
up in 95 per cent ethanol as usual In Ex 2 ieiiment 9b, a butanol extract of 
urine was taken to dijncss, the residue transferred to the glass inner tube of 
the bomb, and the dn residue treated with liquid ammonia A total of 48,125 
M U pei liter ivas obtained b^ the firet treatment and 68,750 JI U were obtained 
bv the second method 

Expeument 10 — It was thought that if the total estrogens could be le 
moved from the mine and the combined forms then hydrolyzed, that destine 
tion might be reduced To this end, 500 ml of the pooled mine were made 
acid to Congo red and extracted vitli five 100 ml portions of butyl alcohol 
The combined butanol extracts were washed once ivith water, made to 35 
Aolumes per cent with HCl and Indiohzed as in Expeument 1 One hundred 
thirtv milliliter samples were wnthdiawn (equiialent to 100 ml mine), cooled, 
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and concentrated alkali added until the aqueous plmso ulncli sepaiatcd avas 
just acid to litmus The alcohol uas concentrated and the lesidue taken up in 
ethanol 

Table IV gives the results of the previouslv desciibed experiments in terms 
of mouse units per liter of uime 


DISCUSSION 

In discussing the lesults of these cxpeiiments it should bo kept in mind 
that the vields bi the vaiious teehiiiques have been obtained by bio assay and 
that difCcienccs of 20 jier cent nie not significant Experiment 1 bears out 
the previous suggestion that at least vvath the pooled iiiino used in this vvoik a 
tcnmimitc hvdrolvsis with 15 volumes pel cent HCI does not hjdroljze all the 
conjugated foims present Since boiling for pciiods gieater than twenty to 
thirtv minutes in 1 6 N HCI is knovvai to destrov estrogens it seems likelj that 
the high activitv piescnt at fortv minutes is duo to the picsenee of a hjdroljtie 
process and its piedominance ovei a destiuctivc pioecss Tlicie seems to be 
little advantage to using iiitiogen and the sulfonic acid ns in Experiment 2 
although expel imcnts on pure cstiogcns had demonstrated the effective pro 
tection of such ticatment 

The data of Expoiiment 3 indicate that pressure hjdroljsis is an effeetiwo 
method foi iiiino hvdrolvsis Piotcetion of labile forms by the mild reduoing 
agent was of definite value m this proceduie The good recovery of activity 
by the pressure livdroljsis method recommends it foi a loutinc procedure 

Fvpoiiment 4 boars out the picvious contention that in this work the 
ton minute lijdrolvsis with 15 volumes pci cent HCI docs not give a quantitative 
jield of estrogens The total of 93 000 tmits of the zeio hour sample closely 
approximates the 95,000 units given bv the regular ten minute hjdroljsis of 
the ten minute sample The 31 250 units of tho rehj di olyzed specimen of the 
ten minute sample, however lepresent appioximatclj a 25 per cent potential 
loss when the routine Smith' method is used The activatv of the relij drolv zed 
specimens even up to 120 minutes might indicate the presence of some diffieiiltj 
lij drolj zablo or extractable form in pregnancy urine 

That the usual foul extractions with ethei may not remove all the sup 
posedly etliei soluble forms is indicated hv Expel iment 5 The 6 000 units not 
extracted bj the ctliei lepiescnt 5 per cent of the total activitj potentiall} lost 
"bile the sum of the second and thud fiactions (21 000 units) represents a 
17 per cent ov ei all loss 

The protection offered bj the Invering used in Experiment 6 does not 
appear to hav e been outstanding It is possible that better j lelds might have 
been obtained if slioi ter periods of heating had been used In these four samples 
the good 3 leld b) the use of hntanol is in agreement with the results obtained 
ni Experiment 10 

The low iccovci'3 of aotivit3 seen m Experiment 7 is probably due to the 
c\ccssivel3 long heating period used The acid concentration used was some 
what grcatei than that iccommonded by Dingemanse* so that the method is 
not exactly as described by that author 
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The use of continuous hydiolysis and evtiaction as in Expeiiment 8 seems 
to be of promise, howevei, the high boiling point (161 5° C ) of the cyclo 
hexanol makes it undesirable as a routme solvent Somewhat different periods 
of heating and temperature conditions might greatly improve this piocedure 
Liquid ammonia as used m Experiment 9 did not cause appreciable hydrol 
ysis of conjugated forms A more refined bomb container which would allow 
the letention of highei pressure might greatlj" enhance the utility of this method ( 
The use of butanol as the solvent and hydiolyzmg medium, as m the final 
experiment, appeals to be of definite promise Woolf, Viergiver, and AUen'® 
have shown that the method of extraction used in this experiment would quan 
titatively extract all the pregnandiol gliicuionide so that it is probable that 
most of the estiiol complex was removed The 74,000 units of the zero hour 
sample piobablj'- represent some hydrolysis of conjugated foims during the 
lemoval of the butyl alcohol fiom the sample The 148,000 units present in 
the two-hour fraction were the highest jneld obtained in these studies 

SUMMARY 

A number of factois affecting the hydrolysis and extraction of iiimaij 
estrogens have been investigated The use of 15 volumes per cent HCl for 
ten minutes as the hydrolyzing medium, although givmg reasonably good results, 
does not appear to give optimum yields Piessure hydiolysis nndei conditions 
similar to those advocated by Cohen and Maiiian^ is of definite advantage 
The hydrolysis of combined foims in an organic solvent (butanol) gave the 
highest yields obtained Preliminary woik indicated that there might be wide 
differences in individual samples of urine, the use of a pooled sample pre 
sumably nullified these individual differences It is possible that if studies 
such as have been presented in this paper weie complemented by a fractional 
analysis of aU urme samples, consideiable light could be thrown on the hydrol 
ysis and destructive reactions 

The author gratefully acknowledges the help of the staff of the Department of Bio 
chemistry and especially the services of Miss Connne Dewes 
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STUDIES ON THE CHEMOTHERAPY OF PILARIASIS 

YI Some Pharmacod\na.mic Properties of 
1-Dieth\lcakbamyl-4-Methylpipkrazine Hydrochloride, Hetrazan 

B K Harned, Raymond W Cunningham, Sybella Halliday, R E Vessei, 
N N Yuda, IMa^y C Clark, Carolyn H Hine, Rachel Cosgrove, and 

Y SubbaRow 
Pe\rl Ritor, N Y 

T he mtioductiou bj' Hevitt and ao-\\oikeis’ - of l-dietliylcaibdmyl-4-metlijl 
piperazine livdioehloiide as a filaiicide eftective ni e\peiimental animals and 
m man has necessitated an imestigation of the phaimacologie pioperties of this 
compound The use of pipeiazines m medicine is not new Poi more than a 
decade prior to 1918® piperazine and 3,6-dimethylpipeiazine were accepted 
remedies for the tieatment of gout and rheumatism Although these drugs were 
worthless in these diseases,® ■* the yeais of use seived to establish the low toxicity 
of the nucleus and to provide excellent desciiptions of the symiptoms of ovei 
dosage 

l-Diethylcaibamvl-4-methylpipeiazine hydiochloride, also lefeired to as 
Hetiazan and 84-L, has a moleeulai iveight of 234 6° and has the following 
stiuctuial f 01 inula 

H, Ho 
C — C‘ 0 
/ \ II /C,H, 

H3C — N N — C — K HCl 

\ / \C,H, 

C— c 

Ho Ho 

It IS a colorless crystaUme solid, highly soluble in water, alcohol, and chloio 
form, but insoluble m benzene, ether, and petroleum ether The pH of a lO 
per cent solution is 4 1 In the pharmacologic experiments the solutions weic 
adjusted to pH 7 4 

METHODS 

The acute toxicity of single doses was studied m six species Multiple doses at short 
intervals were given to mice, rats, and dogs Studies on the chronic toxicity were made 
ivith rats, rabbits, dogs, and chickens 

Tests for irritation were made bj mtraeutaneous injections in guinea pigs of 0 1 c.c 
of 1 0 per cent solutions and by local application of the same concentration to the ejes of 
cats Antihistamimc action was tested on the isolated guinea pig gut and on guinea pigs 
in a spray chamber Cats were used for pupillary studies Hemoglobin w is determined as 
ci anmethemoglobin 0 The Lipsclutz assaj" wis used to eialuate diuretic action Analgesia 
was determined by a method which emplojed the application of heat to the rat’s foot 

From Lederle Laboratories DIi ision American Cyanamid Co 
Receued for publication Not 17 1947 
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Respiratory movements ^cro relajed to 'i kjmogripli by a string attached halfway between 
the inferior end of the sternum and tho umbilicus Electrocardiographic studios were made 
WTth a Cardiotron on anesthetized and unanesthcti/cd dogs In anesthetized animals blood 
pressure ^vas recorded from the carotid arterj In iiiiniicsthctized dogs the pressures were 
recorded by femoral ai tonal puncture 

RESUriS 

Acute To\icit\ — 

Single Doses — 

Mice and Jiats The dose moitaliU cuivcs rccoided in Fig 1 summarize 
the data fiom 238 miec and 260 lafs To\ic doses pioducod con\nlsions that 
were picdominatelt tome Tlie ooimilsaiit doso ho\\o\ei w ns considerably be 
low the fatal dose 
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ACUTE TOXICITY OF I DIETHYL CARBAMYL 4 METHYL PIPERAZINE HYDROCHLORIDE (SAL) 


.. -p- 1 — Tlie experimental results were plotted on log probablIIt> paper* and stralglit lines 

r uAn The 19/20 fiducial zones were estimated bj a modification of the method of 

and Fertlg « The modification allowed for the fact that the population was not 
mogeneous in all cases and consisted of correcting the estlmatetl \nlues by multiplying 

as described b> W ilcoxon and McCallati ® 


V 


(CHI) 


Guinea Pigs, Pahhits, Cats, and Dogs Lethal doses ivcre not determined 
Jn these species but laige doses ucre toleiatcd with few signs of toxicity Ten 
r^uinea pigs gnen 50 mg per kilogram intiapeiitoncnllj showed no changes 
f^hjcetiomhle icactions weie not obscr\ed in fifteen inhbits guen 100 mg per 
^dognm hj tlie same route TwenU fi\c milligrams pei kilogiam guen intra 
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peritoneally to six cats and 50 mg pei kilogram given to thiee cats caused 
vomiting in six to ten minutes In addition, these animals showed slight drowsi 
ness 

Serious reactions were not obseived in uanesthetized dogs that had received 
100 mg per kilogram orally or intrapeiitoneally or one-fifth of this dose by 
rapid intravenous mjection If reactions occurred they were, in order of fre 
quency, nausea, vomitmg, and muscular tremors The tremor’s closely appioxi 
mated those of a dog shivering from a low temperature In addition to these 
reactions, intravenous mjections caused stimulation of the respiration which 
lasted from one to three minutes (Fig 3) Oral doses of 50 mg oi more per 
kilogram often produced emesis, but the presence of food in the stomach de 
creased the frequency of this occurrence Oral doses of 25 mg per kdogram 
admmisteied with food usually were letamed ^ Table I contains the data on 
thirty-nine dogs 


Table I Eeactions or TJn anesthetized Dogs to Hetrazan (S4L) 





1 SYilPTOMS 

NUMBER 

DOSE 

ROUTE OP 

NAUSEA. 

EMESIS 

KESPIRATOEY 

STIMULATION 

SHIVERING 

OP DOGS 

(MQ /KG ) 

ADMINISTRATION 

1 INCIDENCE IN PER CENT 


11 

5 

Intravenousf 

9 

9 


0 

2 

10 

Intravenoust 

0 

0 

100 

0 

4 

20 

Intravenous t 

75 

50 

100 

0 

1 

25 

Intravenoust 

100 

0 

100 

100 

1 

50 

Intravenoust 

100 

100 

100 

1005 

2* 

100 

Intraperitoneal 

100 

100 


100 

5 

50 

OraU 

80 

60 


20 

12 

100 

Oralt 

66 

66 


8 

1 

200 

Oralt 

100 



100 

Respiratory stimulation lasted about one minute 

shivering lasted from 

thirty to slxt> 

minutes 

vomiting never as accompanied 

b> continued retching’ or 

signs 

of malaise re 

covery was excellent In 

1 all dogs 





♦These dogs were 

given 100 rag per kilogram twice daily for two 

days 


tThe intravenous 

injections were completed within 

one minute 



JDogs were fed tuo to five hours before dosing 





§ Severe muscular tremors 


Repeated Boses — 

Smce the antifilanal data of Hervitt and associates^ mdicated the necessitj' 
for frequent administration of Hetrazan it seemed desirable to study the rate 
of its destruction or excretion For this study experiments were designed to 
give rats and mice repeated injections at a rate which barely exceeded the 
capacity of the animal to eliminate the compound The criteria of accumula 
tion were the incidence of convulsions and the percentage of moi-tahty 

In rats the mtiaperitoneal LDgo is 465 mg per lulogram (Fig 1), there 
fore, m the tolerance studies a single intraperitoneal dose of 300 mg per kik 
gram was given at zero time, vith additional doses of 100 mg per kilogram 
at hours 2, 3, 4, 5, 6, 7, and 8 The incidence of commlsions piovided a delicate 
indicator of the rate of elimination of the compound (Table II) At 300 mg 
per lalogram 100 per cent of the animals convulsed, but after an interval of 
two hours an additional dose of 100 mg per kilogram produced no convulsions 
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The lucidence o£ eomulsions iftei the third and fouitli doses ivas 9 per cent 
in each case and after the eighth dose, 45 pci cent Although the total dose 
given to these rats amounted to 1,000 mg pei kilogiam, no increment suhseqnent 
to the initial doso pioduced eomulsions in all iits In three groups of rats, 
sixty die animals, 300 mg per hilogiam neicr failed to produce convulsions 
Thus it appeai-s tint undei the foregoing conditions the lat is capable of elim 
mating approximately 100 mg per hilogiam pci hour 


Table II Tim Effects on Eats of Multiple Ikteafeiutoneal Doses of 84 L Eepeated at 
Short Inteevals 


INTERVAL 

SUBSEQUENT 

TO INITIAL 
DOSE 

(hours) 1 

NUIIBEP OF 
RATS 
INJECTED 

SINGLE 

(aro /SQ ) 

DOSE 

1 CUanjLATTVE 

I (if<J /KG ) 1 

INCIDENCE OP 
CONVULSIONS 
(%) 

aiORTALITY 

(%) 

0 

45* 

Group If 

300 

Initial doso 

100 

31 1 

2 

22 

100 

400 

0 

0 

3 

oo 

100 

500 

D1 

4 / 

4 

21 

100 

COO 

95 

0 

5 

21 

100 

700 

mo 

0 

C 

21 

100 

800 

47 

0 

7 

21 

100 

900 

28 C 

0 

8 

11 

Group n 

100 

1000 

45 5 

ot 

4 

9 

300 

COO 

100 


5 

7 

150 

750 

43 

0 

0 

7 

150 

900 

4S 

0 

7 

7 

150 

1050 

714 

42 81 


Range ot weight In grama 200 to 250 

•The sum Ivors were divided Into two groups I and II 

tCombIncd results of a group of 10 and a group of 12 rats dosed on different daya 
tOfwenty four hours later all animals were In good condition 

Obviously the validitj of this calculation rests on the assumption that the 
rat does not become resistant to the convulsant action of the compound This 
question has been answered by the data on Group II in Table II In this senes 
the ongmal dose of 300 mg per kilogram was repeated after four hours The 
incidence of convulsions was again 100 per cent and the mortality, 22 per cent 
When additional doses of 150 mg pei kilogram per hour were given on the 
fifth, sixth, and seventh hours, the incidence of convulsions rose from 43 per 
cent on the fifth hour to 71 per cent on the seventh These data show that 
rats do not become resistant to the com ulsant action of 84 L and also that 150 
■ag per kilogram per hour exceed the ability of the rat to eliminate the com 
pound 

In Group I, Table II, the mortality from the initial dose of 300 mg per 
talogram was 31 pei cent, and from the succeeding doses, 700 mg per kilogram 
m SLx hours, 5 per cent A similar expeiiment on mice has yielded data of the 
same order Thus the administration of foiu times the LDj, over a period of 
eight houi-s produced a total mortality of 27 per cent (Table III) The rate 
of elunmation in milligrams per kilogram pel hour appeared to be greater in 
mice than m rats 
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Table III The Effects on IiIice op Multiple Inttiapebiton-eal Doses op S4 L Eulathi \t 

Shopt Intekvals 


INTERVAL 1 

SUBSEQUENT 
TO INITIAL 

DOSL 

(Hours) 

NUMBEr OP 
"MICE 

INJECTED 

1 DOSE 

1 MOFTAim 

SINGLF 
(Mr /KC ) 

CUMULATIVE 
( ^^G /KG ) 

PEP DOSE 
(%) 

! 

CUMULATIVE 

(%) 

0 

30 

200 

Initial dose 

0 

0 

1 

30 

100 

300 

0 

0 

2 

30 

150 

450 

() 7 

0 7 

3 

28 

150 

600 

0 

0 7 

4 

28 

150 

750 

71 

13 3 

5 

20 

150 

000 

3 8 

10 7 

0 

23 

150 

1050 

S 0 

23 3 

7 

on 

150 

1200 

0 

23 , 

8 

23 

150 

1350 

4 3 

20 7* 

24 

— 



1350 

59 It 

TOOi 

72 

— 

— 

1350 

0 

70 0 


'>T^\ent^ minutes after dose 


tSince death from 84-Li usually occuis within thirty minutes after the injection one 
hesitates to attribute this mortality to the pharmacolo^c action of the compound However 
these figTires do not affect the conclusions since 310 mg’ per kilogiam in a single dose produced 
a mortality of 99 per cent 

Etherized dogs toleiated 60 to 70 mg pei kilogiam of 84-L given iiitia 
venously diiiiiig a peiiod of one lioiu Dog 548 leadily tolerated nine doses, 
each dose 5 mg pei kilogram, diiiing a peiiod of ninety minutes (Pig 4) and 
Dogs 546 and 547 each leeeiied seienteen such doses m eighty minutes without 
endangeiing the lespuation Dog 549 (Pig 4) toleiated seven doses of 10 
mg pel kilogram duiing a peiiod of sixty minutes hut developed respiiatorj 
failure when the eighth dose was given on the seventieth minute This dog 
ivas maintained witliout difficulty on aitifieial i aspiration Dog 540 received 
four doses of 20 mg per kdogiam duiing forty minutes The fifth dose, 
which brought the total to 100 mg per kilogram in fifty-two minutes, produced 
respnatoiy failuie Aitificial respiiatioii maintained this animal in a satis 
factoiy condition and tvienty minutes aftci the fifth dose another injection of 
20 mg per kilogiam was made without piodncing cueulatory failuie 

TJnanesthetized dogs have been given 100 mg pei kilogiam nitiaperitonealh 
twice daily for two days without producing signs of toxicity moie seveie than 
vomiting and mild niusciilai treinois (Table I) One houi aftei the injections 
the animals appealed noimal 

CJuomc Toxicity — 

Bats — The mtiaperitoneal injection of 100 mg of 84-L pei kilogiam fi'C 
davs pel week foi fourteen weeks did not affect the late of growth or pioduce 
anj'^ unfavorable leactions in male lats (Pig 2) The contiol and dosed gioups 
each started with twenty animals After foiiiteen weeks there weie fifteen m 
the control and fourteen in the dosed gioup At the end of the senes of doses 
the mean hematologic findings on ten lats from each gioiip weie (1) hemo 
glohin, giams pei 100 cc contiol, 131, dosed, 13 5, (2) red blood cells, nnl 
lions per cnhic millimetei control, 8 3, dosed, S 7, (3) white blood cells, thou 
sands pei cubic milJimeter control, 14 4 dosed, 19 3, (4) ]llnphoc^tes, per 
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cent control, 61, dosed, 79, (5) neutrophils, per cent contiol, 34, dosed, 19, 
(6) eosinophils, pci cent contiol, 3 7, dosed, 10 The pathologist* repoited 
that no diffcienees between Uu gioups i\cie found on examination of the tissues 
of the animals 

liahhits — Fifteen i ibbits ucic gi\cn mtiapeiitonealh, 50 mg per kilo 
gram of the diug foi fouitcen ueeks The giouth of the gioup uas not signifi 
cantl} modified (Fig 2) Diuing the pciiod foui animals died in the contiol 



GROWTH CURVES MALE RABBITS a MALE RATS 


INTRAPERITONEALUY 

5 DAYS 

PER WEEK 

Fie 

O 


^U^IBFa OP ANIMALS 

START 

END 

Control rabbits 

1 

11 

Dosed rabbits 

15 

8 

Control rats 

20 

15 

Dosed rats 

0 

11 


Sioiip and sc\cn in the dosed but the distubution of deaths does not suggest 
that thej Meie due to chionic effects of tlie ding Aftei sixtj six doses during 
mnetj eight da^s the hematologic data le^ealcd no difference between the con 
tiol and the dosed gioups The a\eragc icsults foi the gioups ^\eie (1) 
hemoglobin, grams pei 100 cc control 111 dosed, 110, (2) red blood cells 
millions pel cubic millimetei control 61 dosed 5 8 (3) uhite blood cells 
thousands pei cubic millimetei control 8 6 dosed 10 3 (4) h'mphocs’tes, per 
cent contiol, 69 dosed 70 (5) neutiophils pei cent control 28 dosed 26 

‘'xamln?tl ^ ^ I^ederle Laboratories Division American C>anamia Co made the 



222 


HAENED, ET AL 


Bocjs — In a laige senes of dogs, Hewitt and associates^ obseived no evi 
deuce of chionic toxicity Five of the dogs weie given 50 mg per Inlogram 
intrapentoneaUy twice a da}’' for thiiteen daj’^s and two were dosed orally with 
25 mg per kilogiam tliiee times a day for sixty-fonr days At the end of the 
period of dosmg they weie saeiificed and examined foi pathologic changes,* 
but none were found that could be attributed to the treatment given 

Clucks — Eobbins’ obseivation^^ that 2,4-dinitiophenol pioduced cataracts 
in the eyes of chiclis prompted us to subject 84-L to a similar test A group of 
eighteen 8-day-old White Eock chicks was divided mto three balanced groups 
Group 1 leceived a diet which contained 0 25 per cent 84-L and Group 2, 0 25 
per cent 2,4-dmitiophenol, Group 3 was given the basal diet Chicks on 
2,4-dinitiophenol developed cataracts durmg the first twenty-four hours The 
chicks in Group 1 were contmued on the 84-L diet for fifteen days and there was 
never any evidence of lenticular changes At the end of the experiment the 
lenses were sectioned and examined by a pathologist,! it W'as reported that the 
lenses were normal The chicks fed 84-L grew at the same rate as the contiol 
animals m Group 3, and in appeaiance the indmduals of the two groups were 
indistinguishable 

kllSCELLANEOUS OBSERVATIONS — 

Geneial Behavioi Intiaperitoneal doses of 50 mg per kilogram given to 
dogs, cats, rats, and rabbits produced few signs The dogs and rats were more 
sensitive to loud noises, but thirty minutes after the injections many of the 
animals m all the species tested appealed to be more quiet than usual, howevei, 
they were not asleep and responded normally to external stimuli 

Vaiious tests disclosed that neither local anesthesia nor irritation were 
pioduced by 84-L 

Isolated Intestine The activity on isolated rabbit deum is of a low ordei 
Concentrations of 1 100,000 in Tyiode’s solution were required to give a per 
ceptible relaxation of normal or spastic strips The drug pioduced no effect 
on the guinea pig mtestine 

Isolated TJteius In concentrations of 1 100,000 84-L pioduced no effect on 
the isolated uterus from the rabbit oi the rat Virgin guinea pig uteri re 
sponded with weak contractions to a 1 100,000 concentiation In lower concen- 
trations the response w'as barely perceptible oi w'as alisent 

The anhlustamimc action on the guinea pig ileum was barely detectable 
and amounted to 1/2,000 to 1/10,000 of the activity of some of the clmically 
used compounds Ten guinea pigs were injected intiapeiitoneally with 50 mg 
per Inlogiam of S4-L and tliiitj minutes latei were subjected to a standardized 
spray of histamine Nine animals coumilsed in three minutes and of these one 
died One guinea pig withstood the spia-s foi ten minutes wnth no signs other 
than d-sspnea A retest of this guinea pig one and one-half hours after 84 L 
produced convulsions in seien minutes All of a group of ten contiol guinea 

•See footnote * page 221 

tDr E Woll, Lederle Laboratories Dnision American Cyanamid Co 
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pigs convulsed in tliiee minutes and tlnee died Fioin these data we conclude 
that 84-L does not exaggeiate the action of histamine but exerts little piotectioii 
against it 

Eye Six cats weie given the drug in a dosage of 25 mg per kilogram 
lutiapeiitoneally and three were given 50 mg pei kilogram No eindence of 
Ill's osis 01 mjdiiasis was ohseived The local application of a 1 0 per cent sohi 
tiou produced no change in the pupil 

Blood Sugai In suheonmlsant doses 84-L had no effect upon the blood 
sugai 

Dixii etic Action By the Lipschitz assay the diuretic potency is 17 5 times 
that of uiea, oi about one half the effectneness of caffeine 

Analgesia In rats the compound produced evidence of a mild analgesia 
The action nas less than that produced bj’^ aminopyiine 

Respuahon Changes in respiration have not been ohseived except aftei 
intravenous doses In unanesthetized dogs tlie intiaienous injection of 5 mg 
per kilogram in eight seconds stimulated the rate and depth of respiration foi 
about a minute Within tvo to tlnee minutes from the stait of the injection 
the lespiiation vas noimal (Fig 3) When the same dose was uijected oier 
a period of sixty seconds, the stimulation was of a lover order and of a shorter 
duiation The mjection of 20 mg per kilogram in eighteen seconds produced 
an intense stimulation of lespiiation which lasted about a minute In three 
minutes the animal appeared to be nonnal In etherized dogs the respirator)' 
changes weie much less prominent 

Intravenous doses of 2 to 15 mg pei kilogram inhibited the respiration of 
noimal and anesthetized rabbits In unanesthetized rabbits the rapid injection 
of 5 mg pel kilogiam produced an apnea lasting from five to ten seconds Ke 
co^el^ was complete in three minutes A dose of 2 mg pei kilogram injected 
in sixL seconds deci eased the amplitude and slowed the lespiiation for thirty 
seconds Twenty-five milligiams jiei Inlogiam injected in one minute killed 
one of two labbits 

In anesthetized dogs lethal doses of 84-L produced death by lespnatom 
failure These animals could be mainlained on artificial respiration long after 
bieathing had ceased 

Circulation In ctheiized animals the lesponse of the blood piessiiie to 
effectne doses of 84-L (Fig 4, Table IV) resembled that produced by epineph 
rme The pimcipal difference noticed vas a longer duration of the depressor 
phase Doses of 0 1 and 0 5 mg per kilogram were ineffectne Some dogs 
responded feebly to 1 mg per kilogiam, but 5 mg per kilogram produced a 
quick, shoit-lasting use in the blood piessuie folloved bj' a fall of somewhat 
longei duiation As the dose vas inci eased the peak of the use increased until 
it reached a maximum at about 20 mg pei kilogram The changes in the blood 
pressure produced by initial doses langing from 5 to 40 mg per kilogram hare 
been recorded m Table IV 
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Table IV The Effect of Initial Inteavenods Doses of 84 L on the Blood Pressure ot 

Ethepized Animals 


ANIMAL 

BLOOD 

PRESSURE 

CONTROL 
(MM HG) 

intravenous’ 

DOSE 

(MG /KG ) 


BLOOD PRESSUFE 


1 RISE I 

1 FALL 

M VXIMUM 
(MM ho) I 

DUP \TI0N 
(MIN ) 

MAXIMUM 
(MM Hr) 

DURATION 
(MIN ) 

Dog 







504 

136 

5 

26 

05 

34 

1 3 

503 

165 

5 

33 

0 3 

37 

1 5 

502 

152 

5 

36 

05 

27 

20 

501 

120 

5 

36 

05 

38 

25 

506 

133 

5 

28 

0 2 

29 

25 

522 

142 

5 

85 

05 

0 

- 

4SS 

106 

10 

54 

1 0 

26 

t 

A 1 

95 

10 

51 

25 

0 

- 

A4 

142 

10 

50 

05 

06 

50 

540 

130 

20 

50 

05 

34 

13 plui 

A 2 

120 

20 

92 

1 2 

40 

9 plus 

545 

322 

25 

46 

1 3 

48 

5 plus 

489 

112 

25 

28 

1 0 

52 

t . 

490 

115 

25 

39 

20 

48 

t 

491 

145 

25 

91 

4 0 

0 

- 

544 

156 

25 

38 

1 0 

50 

5 plus 

A 3 

104 

40 

42 

05 

36 

35 

Cat 







498 

136 

10 

12} 

1 5 

0 

- 

492 

120 

25 

40 

2 0 

0 

- 

Babbit 







495 

98 

10 

42 

15 0 

0 

- 

493 

68 

25 

26 

3 0 

0 

- 

494 

88 

25 

Fatal 

dose 











*The injection was completed in ten to thirty seconds 
tFall was interrupted by the injection of another compound 

JThis rise was preceded by a fail of 8 mm Hg The duration of the fall was 0 3 minutes 


The leg pletli 3 ^sinograph readily demonstrated that the sharp rise in blood 
piessure produced by intravenous doses of 84-L in dogs was accompanied by 
an equally sharp decrease in the volume of the leg (Fig 5) However, the 
vasodepressoi phase is poorly reflected 

The close similaritv between the response of the blood pressure to 84-L and 
to epinephrine, coupled with the observation that 84-L exaggerated the action 
of epinephrine, suggested that it inliibited eithei the eaidiac vagus or those 
reactions ■which destioji^ epmephiine 

The vasodepressor response to stimulation of the right vagus before and 
after 84-L showed that tlie intravenous injection of 25 mg per kilogram blocked 
25 to 100 per cent of the vagal actnitj-^ for a period of thirty minutes (Table 
V) The exaggeration of the piessor response of epinephrine paiaUels the 
inhibition of the vagus Doses of 5 and 10 mg per kilogram of 84-L produced 
essentially no vagal inhibition (Table V) The mechanism of inhibition is 
interesting since m doses which completely inhibited the cardiac vagus 84-L had 
no effect on the vasodepressor response to acetjdcholine (Fig 6) 
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FIs 5 The effect of 84 L on the blood pressure leg volume and respiration of an etherized 

dog 


Table Y The 1101131x1017 op the Cardiac Vaous by 84 L 


ANIMAL* 

CONTROL VAGAL 
SXmUL FALL IN 
BLOOD PRESSURE 

(mm no) 

INTRAVENOUS 

DOSE 

(UO /KC ) 

MINUTES 

: AFTER INJECTION 

3 1 

VAGAL 

16 1 
iNinsmoN 

80 

(%) 

Cat 

498 

22 

10 0 

45 

18 

0 

498 

12 

15 0 

0 



498 

16 

25 0 

100 

81 

81 

492 

31 

25 0 

80 

61 

0 

492 

23 

25 0 


30 

0 

Rabbit 






493 

26 

25 0 

100 


19 

493 

20 

12 5 

0 



Bog 






544 

76 

25 0 

100 

100 

68 

489 

64 

25 0 

100 

100 

46 

545 

66 

25 0 

100 

48 

42 

490 

70 

25 0 

85 

78 

69 

487 

56 

25 0 

100 

100 

lOOf 

488 

60 

10 0 

0 



488 

GO 

25 0 

V5t 



491 

100 

25 0 

50 

60 

25 

542 

74 

50 

8 

0 


542 

73 

10 0 

7 




The right vagus was used the blood pressure was recorded from the right carotid arterj 
animals except Dog 491 •uere anesthetized with ether In Dog 491 the anesthetic 
intra\enous sodium pentobarbital 
tComplete inhibition for at least two hours. 
tVagal activity was normal at fort> five minutes 
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^ FIs 6 — The action of 84-L on the response of tlie blood pressure to acetylcholine 

epinephrine and faradic stimulation of the right vagus The doses per kilogram were H-h 
25 mg , acetylcholine 0 4 gg and epinephrine hydrochloride 2 micrograms 

Repeated injections piodnced a giadiial diminntioa in the i espouses of 
the blood piessuie and finally a complete disappearance of all action (Pig 4) 
These data may pioyide a key to the explanation of the disappeaiance of tlie 
headache which developed in some patients aftei a few doses ^ 

Dogs mth colds sectioned at appioximately the second eeivical veitebia 
and yitli all superioi connections completely i emoted showed unmistakablj 
that the tasopiessoi i espouse of S4-L ttas not dependent upon centeis in the 
brain Aftei this opeiation the tasopiessoi action of 84-L was exaggerated^’ 
(Fig 7) Rises of blood piessuie of 100 to ISO mm Hg weie common Further 
more, the duration of the use t\as much longei tlian in the etherized dogs 
After the rise theie vas no fall unless the compound had been given before the 
blood pressure reached a stable level 

Electrocaidiograms*^ obtained fiom etherized dogs vhieh had been injected 
mtravenousl} vith 5 to 50 mg of 84-L pei kilogram levealed minimal changes 
The heait rate vas incieased fiom 150 to ISO beats per minute during the 
hypertensne phase but letuined to the initial late duiiiig the hjiiotensive 
phase Regular sinus ilnthm vas maintained and such changes in the form 
of the complex as weie noted were those usualh associated vith rapid heart 

•The electrocardiographic studies were made bj Dr Sfajmard B Chonoueth, Cornell 
Unlversitj Medical College 
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lates Electiocaidiogiams taken dining the teiminal stages revealed no 
changes not typical of anoxia 

Cai diovascular lesponses in iinanesthetized dogs In five unanesthetized 
dogs the lapid intiavenons injection (ten seconds) of 5 mg of 84-L per kilo 
giam produced an inciease in blood pressuie Expressed in miUimeters of 
niercuiy the elevations iveie 68, 68, 68, 88, and 118 When the same dose 
was given in sixty seconds the rise was 31 mm Hg Only two dogs iveie 
tested These data indicated that the caidioiascular system of an iiiianesthet 
ized dog was moie sensitive to S4-L than that of the etherized animal Electro 
cardiogiams reflected similar differences Although the lapid intravenous 
injection of 5 mg per kilogram of 84-L produced insignificant changes in the 
electrocaidiogiam of ethenzed dogs, the same dose in imanesthetized dogs pro 
duced a numbei of changes in the late and pacemakei location Sinus arrest 
for periods as long as nine seconds and irregular rapid sinus ihythm inter 
spersed with premature junctional and ventriculai conti actions were obseived 
Approximately five muiutes after the injection the electrocardiogram ivas nor 
mal Doses of 0 1 to 0 5 mg pei lalogiam produced no changes or only slight 
changes in the rate and form of the electiocaidiogram 

Fate op Compound — 

The absence of accumulative effects after multiple doses of 84-L (Tables 
II and III) suggested that the animals quickly became highly toleiant or that 
the compound was rapidly destroyed oi excreted Althougli a certain vascular 
tolerance to the drug developed, no comparable tolerance was seen in any other 
system 

Livei — The role of the liver in the detoxication was examined by subject 
iiig rats first to a series of doses of carbon tetrachloride and then, before hepatic 
recovery, to multiple doses of S4-L Tlie quantity of 84-L used slightly e\ 
ceeded that which the rat vas able to destroy or excrete so that any limitation 
in the ability of a key organ to peifoim its function would be reflected m a 
greater incidence of reactions in the test group Eats weighing from 180 to 
210 grams veie given orally 0166 c c of carbon tetrachloride per 100 giams 
of body weight This dose was diluted to 0 5 c c with corn oil (Mazola) and 
given on days 1, 2, 3, 4, 5, 7, and 8 The tests for liver damage and 84 L 
catabolism were made on the first daj^ after the last dose of carbon tetrachloride 
The function of the liver was tested by following the duration of the anesthesia 
pioduced by sodium pentobarbital, a drug uhich is destroyed piincipally m 
the Iner^® The results shoun in Table VI demonstrate that a dose of 30 mg 
per kilogram of sodium pentobarbital anesthetized 95 to 100 per cent of the 
control and the carbon tetiaehloiide-treated rats Duiation of the anesthesia 
as measured by the righting reflex uas one hour in the control group and seven 
hour's m the treated group (Table VI) The administration of 84-L in multipk 
graduated doses to rats treated similarly with carbon tetrachloride gave little 
evidence of an exaggeration of the effects seen in normal rats (Table VII) 
These data suggest that the livei is unimportant in the detoxication of 84 h 

•Coagulation of blood interfered with the evaluation of the depressor phase 
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tested These data indicated that the cm di 

ized dog was moie sensitive to 84-L than ^uianesthet 

cardiogiams leflected siinilar diSettncef A th ' f 

mjection of 5 nig pei bJogiam of sTt L mtravenom 

electiocaidiogiam of ethenzed do-s ttJ'.f iii«gnii5caiit changes m the 
duced a luimbei of diaiK^es in the rat ^^nanestlletlzed dogs pio 

foi peiiods as long as nine sccnol i i««ation Sinus a4t 

speised with piematiiieTmicS d sinus ihythm inter 

Appioximatil, fi^e nimvites after ^'^i^tiicular contractions were observed 
mal Doses of 0 1 to 0 5 mg ngi )nl electiocardiogram was nor 

changes m the rate and form of t m oi only slight 

® clectiocaidiogram 

h ATE OF Compound 

II and III) suggesterthSthnnimaf'’ 84-L (Tables 

the compound was lapidly destrmel ^ 'I'^^ckly became higlily toleiant or that 
tolerance to the drug developed nn excreted Although a certain vascnlai 
sjstem P ’ ® compaiable tolerance was seen in any other 

Ltiet —-The lok of the bvei m tho i + 
ing lats first to a senes of dosp^j r>f ^ ^I’^'^^catioii was exaimned by subject 
lecoveiy, to multiple doses of 8 A ^chloride and then, before hepatic 

eeeded that which the rat was nhtA + ^ Quantity of 84-L used slightly e\ 
m the ability of a key olo'nji in ta r cstioy or exciete so that any limitation 
gieatei incidence of reaetmiK! m function would be reflected in a 

210 gj.™s «re g.vc„ eX o L ! ‘“1 «» '» 

of body weight This dose wac i i ” carbon tetrachlonde per 100 grams 
given on days 1, 2 , 3 4 5 7 to 0 5 c c with com oil (Mazola) ami 

catabolism weie made on thp'flilf^? ^ damage and 84 L 

The function of the livei wnq tAci f \ ^ carbon tetiachloude 

produced by sodium pentoharii following the duration of the anesthesia 

the Inei The lesiilts showui in destroyed piincipaliv m 

per kilogram of sodium pentnu i . , ^ demonstiate that a dose of 30 mg 

eontiol and the caihon tetnH f anesthetized 95 to 100 per cent of the 
as measured by the rightuio- e-tieated lats Dmation of the anesthesia 

hours in the treated group f Tahf^vrT ™ control group and seien 

graduated doses to rats tieaterf ^ ' 1 administiation of 84-L m mnltipic 

evidence of an exaggeration aT carbon tetrachlonde gaie httk 

These data suggest that the u effects seen m nonnal rats (Table VII) 

■" ““ 

e evaluation of the depressor phase 
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Table VT The Efeect of Predosino With Capbov Tetrachloride on the Duration op 
Anesthesia Produced ny Sodium Pentobarbital in Bats, A Test for Livep Function 


TIME AFTER SODIUit 1 

PENTOBARBITAL 1 

(Hours) 

PETCENTAOE OF PVTS 

WITHOUT rjaiiTiNQ reflex 

treated! 

(7 DOSES CCL t) 

1 CONTROL t 

05 

95 

100 

07 

05 

70 

1 0 

95 

5 

20 

9o 

0 

0 

03 

0 

40 

100 

0 

50 

100 

0 

fi 0 

100 

0 

70 

94 

0 

7 Of 

80 

0 

O\oriii{,lit 

23 

0 


Thirty mllllCTanis of sodiurr pentobarbital per RUogram Intraperitoncallj 
tTuenty rata nelght 140 to 1<0 grams ot time of tost 

JThe carbon tetraclilorlde was dissolved In corn oil fMazola) 1 cc diluted to 3 c c 
the dose 0 5 cc. of the mixture per 100 grams of bodj t\clght was given orally on dajs 1 
^ 4 5 I and S 

Table vn The irorTAury Produced by 84 L GnTN in Multiple Doses to Bats 
Ppetpeated With Carbon Tettaculoride* 


croupf 

INTERVAL 
SUBSEQUENT 
TO INITIAL 
DOSE 
(HOURS) 

NUMBEP 

OF RATS 
INJECTED 

DOSE 

MOETALirr 

SINGLE 
(MO /KG ) 

CUMULATIVE 
(MO/KO ) 

PEP DOSE 
(%) 

CUMULATIVE 

{%) 

Treated 

0 

29 

300 

Initial doso 

20 

10 

(7 doses of 

1 


--- 




COl) 

o 

20 

100 

400 

0 

10 


3 

2G 

100 

500 

0 

10 


4 

2G 

100 

000 

4 

14 


5 

25 

100 

700 

4 

17 


0 

24 

100 

800 

0 

17 


7 

24 

100 

900 

12 

27 

Control 

0 

20 

300 

Initial dose 

5 

5 


2 

10 

100 

400 

0 

5 


3 

19 

100 

500 

0 

5 


4 

19 

100 

COO 

0 

5 


5 

19 

100 

700 

0 

5 


G 

19 

100 

800 

0 

5 

. 

7 

19 

100 

900 

10 

15 


The dose of carbon tetrachloride Is given In footnote t to Table VI. 
tTwenty treated rats and twenty control rats weight range In grams 140 to 170 


Ktdncys — The administration of multiple doses of 84 L to unilaterally and 
bilaterallj neplircctomized rats demonstiated the impoitancc of the kidiiej m 
the elimination of this compound (Tables II and VIII) In SLxty rats the left 
I^idne^ t\as removed and aftci foui or five days the animals were injected antra 
Peritoneallj with lepeated doses of 84 Ij The schedule of doses was 300 mg’ 
per kilogram initially followed on hours 2, 3, 4 5, 6, 7, and S additional 
doses of 100 mg per kilogram Thus, in a period of eight hours the total cumii 
Native dose was 1,000 mg per kilogiam ’With this schedule the accumulated 
mortalitj for the eight liours was 80 per cent in the unilaferallj ncphrec/omip 
Tnts and 34 per cent m the normal rats 
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Tlieie weie two gioiips of bilateially nephiectonnzed lats (Table VIII) 
In one gionp tbe total nepbieetomy was aceompbsbed six days after the re 
moval of tlie left kidnej" The 84-L w'as admmisteied twenty-four lioins after 
tbe last opeiation The initial dose w»as 200 mg pei kilogiani with subsequent 
doses of 100 mg pei kilogiam given on the second, thud, fouith, and fifth houi's 
Aftei an accumulated dose of 400 mg pei lalogiam 50 pei cent of the lats 
weie dead, and aftei 600 mg jici kilogiam the moitality was 100 pei cent 


Table VIII The Mortality Pfoduced by 84 L Given in Multiple Poses to 

Nephrectomized Kats 


GROUP t 

INTERVAL i 
SUBSEQUENT 
TO IMTIAL 

DOSE 

(HOURS) 

NUMBER 

OP RATS 

INJECTED 

1 

dose I 

MORTALITY 



PEF DOSE 
! (%) 

CUMULATIIE 

(%) 

I 

0 

GO 

300 

Initial dose 

58 

58 

Unilateral 

1 




— — — 



nephrectomy 

2 

25 

100 

400 

0 

58 

4 5 days be 

3 

25 

100 

500 

0 

58 

fore initial 

4 

25 

100 

600 

10 

05 

dose 

5 

21 

100 

700 

5 

07 


0 

20 

100 

800 

15 

72 


7 

17 

100 

900 

24 

78 


8 

13 

100 

1000 

8 

so 

II 

0 

28 

200 

Initial dost 

18 

18 

Left hidnev 

1 








removed 6 

2 

23 

100 

300 

17 

33 

daj a before 

3 

19 

100 

400 

26 

50 

initial dose , 

4 

14 

100 

500 

71 

80 

right kidney 

5 

4 

100 

COO 

100 

100 

lemoved 24 







hours before 







initial dose 








III 

0 

15 

200 

Initial dose 

0 

0 

Total neph 

1 







rectomj 

-) 

15 

100 

300 

0 

0 

Vi 2 hours 

O 

15 

100 

400 

7 

7 

before im 

4 

14 

100 

500 

44 

4-7 

tial dose 

5 

8 

100 

600 

75 

ST 


•DfLect of S4 Li on normal rats is summarized in Table II Group I 
tWeitht range m grams Groups I and II 170 to 200 Group III 204 to 240 


In noimal lats the LD^,, foi a single dose was 465 mg per kilogiam (Fig 1) 
and a single dose of 600 mg per kilogram produced a mortality of 75 per cent 
IVlien the same sehedule of doses w’as used on a group of lats which had been 
bilateialh neplneetomized nndei ethei one-half to two hours before the first 
dose of S4 'Ij, an acciiiiiiilated dose of 500 mg pei kilogram killed eight o 
fifteen lats and 600 mg per kilogiam piodiiced a moitality of 87 pel cent 
As an additional control on moitality attiibutable to the operation, the suiviva 
of thirteen totalh nepliiectomized lats w'as followed Twentr-fom hours afic^ 
the opeiation the suiMval was 85 pei cent and after foitj eight hour’s, 54 per 
cent Attention should he called to the fact that the lesidnal effects of ether 
in rats which were dosed on the same dav that the:y weie operated prm’ ef 
a significant pioteotion against the low'ei doses of 84-L 
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The Mine of the klclllc^ iii the elimination of 84 L his been sho^Ml j,iaph 
icall\ m Pig 8 licit the moit ilitj m pei cent has been plotted on logaiithmic 
piohabiliU papei for the ciimulati\e doses administcicd to noimal and to nni 
lateialh and bilatcnlh nephicctomizod nls, and these ciu\ei have been com 
paied iiith tlio standaid intiapeiiloneal dosage molt iliU cui\c (Fig 1) The 
inoi’talit\ foi the tnmnlatuc doses in the noimal lats did not change signid 
eantlv aftei the hist dose In the iinilatcialh ncphiectomized lats the mor 
talit\ fiom the initial dose i\as higher than in the unoptiatcd animals and con 



I- I ( 1 I I I III I— I 

100 200 300A00 500 1000 2000 

DOSE IN M6M/KGM 

i_ . 8 — The schedule for the cumulatKe dosing of normal and unilaterally nerhrectom 

ized rata ^as Initial dose 300 wb Per JtJlogram at zero time and 100 ms per kilosram at 
oaI ® 7 ^^d 8 hours For the bllaternllj nephrectomlzcU rats the schedule ^as Initial 
uose 200 ms per kilosram at zero time and 100 ms per kilosram at 3 4 and 6 hours 

tinued lo mount as the doses ncciimulated Ilouesci, the mortality from these 
accumulated doses did not e(|ual tliat pioduccd hj eciimalent single doses The 
dosage mortsliti cunc fot tlic accumulated doses m the bilateiallj nephrec 
tomized rats paralleled and closolj approximated that for the single doses to 
normal rats 
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Excretion — Although the data indicate that the elimination of the com 
pound IS accomplished pimcipally by the kidney, the form m -which it is ex 
cieted has not been detei mined No practical chemical test foi small quantities 
of the compound has been demsed However, a bio assay on filaria-infested 
rats indicated that the equivalent of 63 per cent of a 300 mg per kilogiam in 
tiaperitoneal dose was excieted during the first twenty-thiee hours In spite 
of the fact that nothing is laio-wn about the metabolic fate of 84-L, the low 
antifilaiial activity of its relatives^ ■* strongly suggests that, m the lat, most of 
the compound is excreted unchanged 

SUMMARY AND CONCLUSIONS 

l-Diethvlcaibamvl-4-methylpiperazme hydrochloride, also known as Hetia 
zan and 84-L, has a low toxicit-y and causes few side reactions 

The intraperitoneal LD50 m mice was 248 mg per kilogiam and m lats, 
465 mg per kilogram The oral LD^o m mice was 660 mg per kilogram and 
in rats, 1,380 mg pei kilogram 

Mice, rats, labhits, and dogs readily toleiated intrapeiitoneal injections of 
100 mg pel kilogram 

Daily intrapeiitoneal doses of 50 mg pei kilogram m rabbits and 100 
mg pel lalogiam in rats, five days pel week foi fourteen weeks, produced no 
evidence of toxicity Twenty-five milligiams per kilogram t-wice a day, orally, 
for two months produced no evidence of toxicity in dogs 

The compound was not irritating, it pioduced no local anesthesia and had 
no effect on the eye, on the isolated uterus or mtestme, or on the blood sugar It 
was mildlj’- diuietic and analgesic Intiavenous doses of 2 to 25 mg per kilo 
gram in unanesthetized dogs stimulated the respiration The heart and blood 
pressuie were not affected by lapid intravenous injections of 0 5 mg per kilo 
gram, but larger mtiavenous doses in un anesthetized dogs produced a tran 
sient delation from the normal 

The compound as rapidly excreted by the kidney In lats and mice the 
rate pei hour was appioximately one-third of the intraperitoneal LD50 
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SCREENING METHOD FOR BLOOD GLUCOSE*' 

Hugh L 0 Wilkerson, M D ,t and Erich Heftmann, Ph D I 

Boston, Mass 

I N THE course of mass suivc'^s earned out by this Section^ it became mcieas 
ingly evident that a consideiable saving of time and money might be eftected 
tliiougli elimination of definitely iioimal blood samples fiom routine glucose 
analysis bj means of a simplified test The method is based on that of Hagedorn 
and eoAvoikeis^ but the steps lequiiing evpeiienee in chemical techniques and 
fluid reagents have been eliminated The time lequiied for a smgle analysis 
IS about five minutes, tlie amount of blood, 0 1 milliliter This paper describes 
the seieening method and gives the lesults obtained with the fiist fifty blood 
samples 

REAGENTS \ND APPARATUS 

All leagents aie in tablet foiin § In Boston (and piesmnably m mam 
othei localities) oidinaiy tap ivatei may be used instead of distilled water 


Tablet 1 

ZnSO, 7H 0 10 mg 

NaCl 190 mg 

Talc As binder 

Mineral oil As lubricant 

Tablet Z 

HI 100 mg 

NaHCO, 10 mg 

Tablet 3 

K 3 [Pe(CN)o], recrj stnllized 128 mg 

Na-COj, anJiydrous 6 5 mg 

Starch, soluble 1 mg 

NaCl 92 mg 

Tablet 4 

Tartane acid 80 mg 

ZnSO, 7H O 20 mg 

Starch As bmdei 


Heating Tablets 

Methenamine || 

The appaiatus consists of a Pyiex test tube 16 by' 150 mm , giaduated at 
5 ml , the mouth of vhich is widened into a funnel, a scoop made of a piece o 
glass lod, and a portable test tube stand The stand is so constructed that t e 

‘United States patent applied for 

tSenlor Surgeon Diabetes Section United States Public Health Ser\ ice 
tBIochemlst, Diabetes Section United States Public Health Sen ice 
Prom the United States Public Health Service Diabetes Section 

Received for publication Sept 27 1947 In 

live gratefullv acknowledge the generous help of the staff of Uli DiUv Compv 
dinnapolis Ind v\lio prepared and furnished reagent tablets 

lIReagent tablets Xo 15S8 Dli Lillv A Companv Indianapolis Ind 
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test tube eau be heated in a repioducible manner by the licating tablets, that is 
the distance beti\eon tube and tablets is constant (fi\e eighths of an inch) and 
drafts aie hept out 

rKOCEOURE 

Pill the test tube ivith iiatci to tlic 5 ml mark Obtain 01 ml capillaiy 
blood fiom the fiugeitip oi eai lobe bj means of a capillary pipette Delnei 
and rinse the blood into the i\ atei in the tube Add one Tablet 1 and one Tab 
let 2 to the tube, put it on the stand, and light two heating tablets underneath 
it The blood pioteins aio coagulated by the zinc hidroxide and form a scum 
which floats on top of the liquid As the solution boils, the cake of piotein is 
pushed iipwaid in the test tube bi the steam and can be lomoved with the glass 
scoop when it reaches the funnel shaped mouth The funnel prevents the solu 
tion from boiling oiei and uinemoied piotein fiom faUing back into the tube 
When both heating tablets aie iieaily consumed, light anothei heating tablet on 
them and add one Tablet 3 to the test tube At the end of the second heatmg 
pciiod cool the test tube by imnieision in cold watei and add Tablet 4 AVhen 
cold, the solution w ill be either blue, due to the formation of the starch iodine 
complev, 01 coloiloss, if no iodine is present 

RESULTS 

The lesults of the soieening ntethod weie cheeked against the blood sugar 
method of SoinogjP ‘ as modified bj Nelson' In oidei to obtain a mote ac 
eiirate laluo foi the tiuo sugai concentration of the blood, the Somogyi Nelson 
detotmiiiation was cairied out on a 1 0 ml sample of venous blood the 0 1 ml 
sample foi the soicemng method being taken from the same sample of venous 
blood The samples were taken fiom normal and diabetic siiboects • 

Fifty blood samples weie subjected to the scieening method, then analyzed 
b\ the Somogyi Nelson method Twentj five samples havmg a true sugar 
concentration of 170 mg per cent oi less by the Somogj i Nelson method, ga\e 
a blue coloi (negative leaction) m the scieening method Foui samples had 
blood sugai values between 170 and 180 mg per cent and gave faint or dark 
blue colors (negative) oi no color (positive) leaction None of the twenty one 
blood samples containing more than 180 mg pel cent gave a color reaction in 
the screening test 

DISCUSSION 

The amount of potassium feincyanide in Tablet 3 is so adjusted that it wall 
be completely reduced imder the conditions of the test bj the glucose picsont in 
01 ml blood when the concentiation is ISO mg per cent or more If the glu 
cose concentiation m the blood sample is lower tlian 170 mg per cent, some 
potassium feriicyanide is left oiei to ovidize the potassium iodide in Tablet 1 
to iodine winch produces a blue color with starch upon acidification by Tablet 4 
The -variability of the results between 170 and ISO mg per cent is due to vana 
fa°ti in the tablets, the amount of water, heatmg, and so forth 

,, We •wish to thank Dr A Marble of the New England Deaconess Hospital for making 
'aiiable the clinical material 
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The 180 mg pei cent level for capillary glucose has been chosen aibitianlj 
as the value above ivhich a retest by a conventional blood sugai method seems 
wan anted Natuially, this level may be adjusted at will by altermg the con 
ditions of the test, foi example the potassium feiiicyanide content of Tablets 
Inasmuch as a Imowledge of the actual blood sugar value is less important in 
scieenmg diagnostic woik than whethei oi not a ceitam level is exceeded, the 
test recommends itself wheievei laboiatoij’- facilities are unavailable 

SUMMARY 

A simple and inexpensive scieenmg method for blood glucose has been de 
scribed A blood sample of 0 1 ml maj’^ be classified as above or below a certain 
glucose concentration within five minutes by means of this test In the first 
fifty cases exammed by this method, twenty-five blood samples below 170 mg 
per cent glucose gave a negative result, twenty-one samples above 180 mg per 
cent a positive result, and four samples between 170 and 180 mg per cent both 
positive and negative results 
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AN INCREASE OP COMPLEJIENT UNITS BY THE 
USE OP EGG ALBIBUN 

S Bohls, M D ,» AND Phyllis Sh vw, B S , M T ,t (ASCP) 

San Antonio, Texas 

T he behavior of complement and amboceptor titrations in complement fbca 
tion tests foi the serodiagnosis of si pliilis lias been under studj in Santa 
Rosa Hospital Laboratory for some time Litcntiiro peitaming to the subject 
is meager 

Periodically difficulty has been eneonntcied, particularly in the complement 
titration, that was une\plainable fiom the standpoint of the pH or the reagents 
used 

Amboceptor titiations resulted m a unit well within the usable range, but 
the complement titration was unsatisfaetoiy foi use, with complete hemolysis 
m perhaps only the first one or tw o tubes 

All guinea pigs used for complement had been tested previously for titei 
and complement fixation and found to be satisfactory Blood from five guinea 
pigs was pooled Since ly ophilized complement titrations occasionally exhibited 
similar reactions, complement pei se was eliminated as a possible cause of the 
difficulty Inhibition of hemolysis was noted in the complement titrations eon 
lainmg antigen The pH of the saline was always within usable range 

The absence of albumin m the titration was eonsideied ns a possible cause 
of the difficulty encountered Varying amounts of pooled negative seium were 
found to be unsatisfactory as a source of albumin, but the addition to each tube 
in the titration of 0 2 e c of 50 per cent egg albumin in 0 85 per cent saline 
as previously recommended by Kolmei for testing spinal fluids, was found 
satisfactory 

Parallel titrations using the same reagents, except foi the absence of the 0 2 
c c of 50 per cent egg albumin in 0 85 per cent saline, resulted in the titrations 
given in Table I 

Supplementaiy titrations foUowang the eighteen hour incubation of the com 
plement fixation tests rarely result in a change of amboceptor dilution when 
the units for the test hav e been determined by a preliminary titration using tlie 
0 2 c e amounts of 50 per cent egg albumin m each tube of the titration 
whereas, the supplementary titrations after the incubation period on tests 
in which the unit of complement has been determined in preliminaiy titrations 
not using the egg albumin, frequently necessitate an increased dilution of ambo 
oeptor for tests with a maximum sensitivity 

Variations in the unit of complement with cardiolipm lecithin antiger o 
re^dar antigen have been reported previously* and the variation is consisi i 
or not egg albumin is used 

Santa Rosa Hospital Laboratories 
Ttft/i Santa Rosa Hospital Laboratories 
necelvea for publication OcL 22 1947 
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Table I 


WITH EGG 


tvithotit egg 


AMBOCEPTOF 
1 UNIT 


10,000 

12,000 

12,000 

12,000 

12,000 

12,000 

12,000 

16,000 

16,000 

16,000 

16,000 

16,000 

16,000 

16,000 

16,000 

16,000 

16,000 

16,000 

16,000 

20,000 

20,000 

20,000 

20,000 

20,000 


COMPLEMENT 


1 37 
1 43 
1 33 
1 43 
1 37 
1 43 

1 43 Kolmei 
1 50 Cardio Kolmci 
1 33 
1 43 
1 43 
1 33 

1 43 Kolmcr 
1 50 Cardio Kolmcr 
1 37 
1 4o 

1 43 Kolmei 
1 50 Cardio Kolmcr 
1 50 
1 37 
1 43 
1 50 
1 37 
1 43 

1 33 Kolraer 
1 37 Cardio Kolmcr 
1 43 Kolmcr 
1 50 Cardio Kolmcr 
1 37 Kolmcr 
1 43 Cardio Kolmcr 


ambooeptor 

1 UNIT 


10,000 

12,000 

12,000 

12,000 

12,000 

12,000 

12,000 

16,000 

16,000 

10,000 

12,000 

12,000 

16,000 

16,000 

16,000 

16,000 

16,000 

16,000 

16,000 

20,000 

20,000 

20,000 

10,000 

20,000 


COMPLEMENT 


1 30 
1 30 

Only 5 tube liemoljzcl 
1 30 
1 33 
1 3-! 

1 37 

1 30 
1 30 
1 35 
1 33 

1 no 

J. 

1 33 
1 3 5 
1 33 

1 33 
1 37 
1 37 
1 37 
1 30 
1 30 

1 33 Kolmer 
1 33 Cardio Kolmcr 
1 37 

1 37 


CONCLUSION 

The use of 02 ec of 50 pei cent egg albumin 
tube of the pieliminaii amboceptor and complement Kolmei i ^ dilution 

lesults in a highei unit of complement and fiequently in an incr ^ pj„i;s 

of amboceptoi to be used in the Kolmei complement fixation es 
With the addition of the 50 pei cent egg albumin, supplemental y 
following the incubation peiiod laiely lesiilt in the iiecessi y oi 
the amboceptoi dilution to obtain maximum sensitivitv 
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A COLORIMETEIO METHOD FOR THE DETERIHNATION OF 
JHOROQUANTITIES OF ETHANOL IN BLOOD AND 
OTHER BIOLOGIC FLUIDS 

Rjoh \RD J Henry, M D , Carol F Kirmv ood, A JJ , Sam Berkman, Ph D 
EiLri D Housewriqht, Ph D , and Jvne Henry, Ph D 
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'^HB piincipiil metliocLs foi the dcteimmation of niioioquanfitics of othanol 
invohe its ONidation followed by nieasiiiemcnt of the lesultant equnalent 
eduction Vaiioiis oxidizing agents lia\c been used' ’ but the majoritj of 
methods aie based on the nork of Widnnrk* and Nicloux and eo Morkei's' and 
use an acid solution of potassium dicliromntc Inv estigatore have vaned the 
pioccduro of distilling the alcohol into the aeid dichiomate and both titnmetric® “ 
and coloiimetiic" " methods have been used to deteimine the reduced dichromate 
The maMinal sensitiiit) of these methods is appiovimafel} 20 yg of ethanol 
These methods arc not specific, since anj volatile substance oxidizable by dichro 
mate Mill be detei mined as ethanol The presence of such substances as methanol 
formaldeh} de, acetone, and otlier aldehydes and ketones gives high results ’ ° ' " 
The accuracy of these methods in the determination of ethanol is open to question 
unless such substances can be removed oi arc kiiotvii not to be present in quan 
titles causing inteifeienco This is especially important in the determination 
of the ethanol level in blood for medicolegal purposes 

A new method for the determination of ethanol has been devised involving 
the conversion of ethanol to aeotaldehjdc and the determination of the lattei 
coloiametricallj vitli p hjdioxydiphenjl “ *’ This metliod is eonsiderablj more 
sensitise and moie specific than preexisting methods Fiiithermore it retains 
the advantages of lequiring no special apparatus and of being simple to 
cany out 

PROCEDURE 


Up to 20 c c of tho sample to be analyzed aro placed with several glass beads in a 
SO c c singlo side arm distillation flask connected with a small Liobig condenser Distilled 
^ator is added to 20 c c , followed bj 0 1 c c 10 per cent NaOH The flask is closed 
tightly ^ith a rubber stopper and at lea<»t 5 cc distilled Tho entire distillate is then 
cashed into tho flask of an identical setup tho flask in this case containing 2 5 c c sat 
urated aqueous KCrO, (CP); 05 cc concentrated H,SO« (CP), and several glass beads 
(Caro must be taken to prc\ ent any of the dichromate from entering the side arm since 
dichromate interferes with tho color reaction ) The flask is stoppered immediately with 
a rubber stopper and the acetaldehyde formi^d is distilled into a graduated receptacle such 
as a centrifuge tube, in an ice bath * The volume that must bo distilled to obtain all the 
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PftM.i .^^at percentage of the ethanol v>as oxidized to acetic acid Tvas not detemlned 
of the results obtained Indicates that the fraction of the ethanol completely Old 
“•zeo remained constant under the conditions of the procedure outlined DlstlUallon from the 
sulfuric acid mixture ^as begun immediately after addition of the ethanol and 
nSiii.. ®*‘*'"ces in re<»ults ^cre observed whether this mixture was hot or cold at the time of 
oaaition of the ethanol As soon as one sample has been distilled another can be added to 
,vf mixture Thus several samples can be distilled in succe slon without changing 

dichromate sulfuric acid mixture 
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acetaldehyde formed varies directly vrith the amount of ethanol present in the original 
sample It vas found that if the original sample contains 20 pg of ethanol at least 5 
c c must be distilled , for 10 fig of ethanol a distillation of 2 c c suffices 

The acetaldehyde in the distillate is then determined colorimetrically by reaction 
with p hydroicj diphenyl !■*, 15 One cubic centimeter of the distillate is placed in an 18 
by 150 mm Pyrex test tube One drop of 5 per cent CuSO) is added, followed by 6 00 c c 
of concentrated H SO< (special. As and N free) added slowly, with shahing, in an ice 
bath One tenth cubic centimeter of 1 5 per cent p hydroxydiphenyl in 0 5 per cent NaOH 
IS added directly to the solution and dispersed by vigorous shaking The tube is placed 
in a 30° C water bath and after approximatelj fifteen minutes the reagent is redisporsed 
by shaking After incubation for at least thirty minutes tlie tube is placed in a boiling 
water bath for ninety seconds to dissolve excess reagent The tube is then placed im 
mediately in an ice bath and brought to room temperature The color (deep violet) is 
read in a photoelectric colorimeter against a sulfuric acid reagent blank which has been 
treated as described (except that 1 00 c c of water is used instead of the distillate) A 
filter having peak transmittance at approximately 560 mp is used The color can bo read 
immediately and is stable for several hours 



EiS 1 — Color intensity obtained with known quantities of ethanol 


In our experiments the Klett Summerson photoelectric colorimeter was used with a 
Klott No 5i filter Fig 1 presents gp'aphically the results of distilling 2 and 5 c c qucn 
titles in the second distillations, using known concentrations of ethanol The solid poi 
tions of the curves were drawn from the experimental points (20 for curve A, 32 f®^ 
curve B) by the method of least squares It is apparent from the graph that the inaxini'' 
amounts of ethanol falling on the straight line (solid) portions of the curves for the 2 a® 

5 cc distillations are approximately 10 and 20 fig, respectively Several experimental points 
above these limits are plotted in Fig 1 to show the vanabihty of results obtained at higher 
concentrations 


Sensitivitij and Precision — The sensitivities for the 5 and 2 c c distillations 
are appioximatelj 1 and 0 5 pg of ethanol, lespectively It was found that the 
sensitivity could be inci eased to appioximately 0 2 pg by distiUing only 1 
in the second distillation Thus, if a 10 e c sample is available a conccn 
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tration of 0 02 fig per cubic centimeter can be detemuned Tbe standard error 
of a smgle determination in the range between 5 and 20 fig of ethanol for the 
5 c c distillation is 5 per cent and betiveen 2 and 10 fig of ethanol for the 2 e c 
distillation, 7 per cent Since nineteen tunes out of twenty a smgle determma 
tion will be within ± 2 standard errors of the true value, the error of a smgle 
detemunation is ± 10 per cent foi the Sec distillation and ± 14 per cent for 
the 2 c c distillation * (The experimental error is greater at or near the 
limit of sensitivity ) 

The error, of course, can be reduced by mnmng repbeates The number 
of repbeates requued (N) to give a desired precision (P) can be computed bv 
substitution m the foUowmg formulas 

N = • (for 5 c c second distillation) 

196 

N = ■ ■ (for 2 c c econd distillation) 

Intel fenng Siibstances — The f oUowmg substances did not give color in 100 
ng amounts, dist illin g 2 c c m the second distillation dihj droxyaeetone, f rue 
tose, d xylose, d nbose, sucemic acid, fnmanc acid, citnc acid, malic acid, cis 
acomtic acid, aketoglutanc acid, acetone ascorbic acid, tartaric acid, urea 
glycme, trytophane, methionme, methanol glucose, pymvio acid glj corol, acetic 
acid, and lactic acid (up to 500 fig) 

In Table I are listed those substances which were found to give color, dis 
tilbng 2 c c on the second distillation One lumdred microgram amounts were 
used and the interference is given in terms of micrograms of ethanol giiing an 
equivalent intensitv of coloi Obviously, acetaldehyde itself would gno the 
color reaction 


Table I Substances Intertetinc in the Detekuination op Ethanol 


INTERFERING SUBSTANCE 

I COLOr YIELDED BY 100 HO 

\ IN TERMS OF fiO ETHANOL 

Oxalacetic acid 

3 

a Glycerophosphate 

20 

Qlyceraldehyde 

1 

n Propyl alcohol 

22 (blue color) 

n Butyl alcohol 

20 (purple color) 

Isobutyl alcohol 

2 

Allyl alcohol 

10 (red color) 

n Amyl alcohol 

C 

Isoamyl alcohol 

C 


In manj instances the first distillation procedure could be omitted It 
was found, however, that lactic acid interfered and that this interference was 
quite variable After several attempts, the only procedure foimd cffectiie m 
ebmmating lactic acid interference was the prebminary distillation from basic 
solution 

A good portion of this error undoubtedlj Is dependent on the accuracy 'with which the 
^ond distillate is measured (the second distillates 'were collected and the volume measured In 
graduated centrifuge tubes) and on the \arJatJon In the Klett colorlrnetcr tubes used (stand 
ardlzed to ± 3 Klett scale readings) 
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Detei mmahoji of Ethanol m Blood — The blood level of ethanol impoitant 
fiom the medicolegal aspect centeis aiound 2 mg pei cubic centimetei Ethanol 
was added to a coneentiation of 1 00 mg pei cubic centimetei to samples of 
whole citiated blood from ten individuals One-tenth cubic centimetei of the 
blood-alcohol niiKtuie was diluted to 5 00 cubic centmieters Poui and one half 
cubic centmieteis of N/12 H2SO4 and 0 50 e c of 10 pel cent Na^WO^ 2H..0 
veie added, making a total volume of 10 00 cubic centimeteis The ethanol m 
100 ec of the supeinatant vas deteimined by the piocediue desciibed To 
eliminate erioi arismg fiom vaiiation in the colorimeter tubes, a single tube 
was used in the blood detemimations foi all eoloiuneter readings Blood samples 
analyzed aftei standing overnight gave the same lesults as those analyzed im 
mediately aftei the addition of ethanol The average leeoveiv for forty tvo 
deteiminations on these samples was 98 6 per cent The standard eiioi of a 
single detemimation vas ± 3 pei cent, indicating that nineteen times out of 
tventj’' the lalue obtained fiom a single deteimination will be within ± 6 pei 
cent of the tiue value 

Without pieliminaiy precipitation of blood proteins and erjdhiocytes with 
tungstic acid, veiy high blank readmgs weie obtamed, presumably due paitiallj 
01 totally to acetaldelnde 111 the eiythiocytes Similarly, high blanks veie 
obtained if the first distillation was omitted 

Values foi the iioinial ethanol content of blood repoited in the liteiature 
langc from 4 to 40 /ig per cubic centimetei^ * and those for interfering sub 
stances estimated as ethanol hai e been reported as 40 p.g pei cubic centimeter” 
In our experiments blank determinations (without added ethanol) on blood 
samples from thirteen 1101 mal mdmduals gave values from 1 to 10 pg pei 
cubic centimetei, with an average of 6 /jg per cubic centimetei Theie is no 
assuianee that these rallies represent the true normal ethanol level since this 
method of determination is not absolutel}' specific Such levels obviously do 
not niteifeie in the determination of ethanol concentrations in blood important 
from a medicolegal aspect 

The extreme sensitivity of this method makes it possible to do blood alcohols 
on the amount of blood obtamable from finger punctiue The collection and 
mitial dilution of the blood could be earned out with a white blood cell dilution 
pipette (gmng a dilution of 1 20) Before this could be accepted fiom a 
medicolegal aspect it would be necessary to ascertain whethei the blood alcoho 
level is the same in blood obtamed bj finger puncture as in the blood obtained 
by venipuncture 

It IS noteworthy that methanol and acetone do not interfere in this test 

SUMMARY 

A metliod for the deteimmation of ethanol in blood and other biologic flnn^ 
is desenbed based on oxidation of the alcohol to acetaldehyde with subseqn®*’ 
detennmation of the latter photoeoloiimetncally with p-liydroxydiphem 1 
agent This method is moie sensitive than pie-existmg methods and 1ms n 
precision of approximately ± 6 pei cent on a single blood determination 
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THE illCEOCOLORBIETRIC DETERMINATION OP SODIUil IN 
HIBIAN BIOLOGIC PLHIDS 


Akthony a Albanese, Ph D , akd Makilyn Lein 
New York, N Y 

B arber and Kolthoff^ m 1928 desciibed the nse of the triple salt, nraml 
zmc sodium acetate, foi the gravimetiic deteimination of sodium Subse 
quentty Butler and TuthiU^ applied this method ivith modifications to the detei 
mination of sodium in biologic products Although the giavimetne proeedme 
gives good lesults, its opeiation is tedious and lequiies laige amounts of often 
scarce biologic mateiial iMore lecently one oi both of these shoitcomings haie 
been oieicome in part by treatment of the precipitate by various eoloiimetric’ 
01 titrimetiic^ leactions In usmg these moie rapid but also more complev tech 
niques, we gamed the impression that greater ease of opeiation would be achieved 
if the micioquantities of sodium contamed in 0 2 c e of seium oi plasma could 
be measuied m terns of the yellow coloi of the tuple salt complex Exaimna 
tion of the liteiatuie showed that in 1929 Caley and Poulk® had applied tins 
pimciple to moiganie samples with limited success Appaiently the laige 
amounts of matenal requisite for the procedure and the difficulties embodied in 
measuring the deusitj of the lesuitant yellow color by the then used optical 
colorimeters discouraged the further application of this idealty simple procedure 
to inorganic materials® and biologic specimens The excellent results which ive 
obtained in pieliminai'y tests of this principle in which the Klett-Suinmei’son 
photoelectric color mretei vas employed for measuring the density of the yelloiv 
color of solutions containing varying amounts of the sodirmr zmc uraml acetate 
complex prompted us to attempt the adaptation of this technique to the deter 
mination of sodium m biologic fluids The analytic adequacy of the method 
vhieh vas evolved as the result of this effort was amply shown by recovery and 
repioducibilitv tests The concoidant lesults obtained with this rapid technique 
when emplojing 0 2 e c samples of unne, ceiebiospmal fluid, and various blood 
fractions recommends its use for pediatric studies 


EXPERIMENTAL 


Reagents — 

Uranyl zmc acetate ^ 10 Gni of uianvl acetate were dissolved in 50 ce of 
boiling water containing 2 cc of glacial acetic acid In another flask 30 Gni 
of zinc acetate were dissolved in 50 cc of boiling water containing 1 cc 
glacial acetic acid The boiling solutions were mixed and again heated jus* 
to boiling After standing overnight at room temperature, the resultant solution 
was filtered bv gramtv and mixed with an equal volume of 95 per cent ethanol 
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This solution was icfngeiated at 4° C foi forty eight hours and then filteied by 
gravity for use The reagent is stable at room temperatuie 
Ethanol 95 per cent by volume 
Trichloracetio acid 20 per cent solution 

Sodium standard 508 4 mg of oven dried (100° C ) sodium chloiidc weie 
dissolved in 100 e c of triple distilled water, 1 e c of this solution is equivalent 
to 2 mg of sodium 

DETAmS OP PROCEDURE 

In order to determine the colorimeter filter best suited for the photoelectric 
measurement of the jellow color of sodium uranyl zme acetate the spectral 
transmission of solutions of the salt equivalent to 1 mg of sodium m as measured 
m a Coleman Universal spectrophotometer, Model 11 These data indicated that 



Pis 1 — Relation of color Intensity to amount of sodium Each point represents the 
average of five determinations The bars above and below each point Indicate the deviation 
range of the readings 


maximiun optical density for this colored solution occurs in the region 420 to 
440 fi and that to realize maximum sensitivity for the test the readings should 
be made ^vlth filter S-42 

The analytical efficacy of the scheme was ascei tamed as foUous Suitable 
ahquots (0 1 to 0 4 c c ) of the standard m 15 c c graduated centrifuge tubes 
were each treated mth 1 c c of the reagent After refngcration for one hour 
at 4° C the samples were centixfuged and the supernatant fluid decanted and 
discarded The j ellow precipitate was washed by centrifugation "with 2 c c of 
95 per cent ethanol and dissolved m 5 cc of watei These solutions were 
transferred to the colorimeter tubes and then dcnsitj measured in the IQett 
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Siimmei’son pliotoelectiic coloiimetei usnig filtei S-42 The lesiilts of this 
expeiiment, which are shoini in Pig 1, demonstiate that the color intensity 
of the solution vanes in accoi dance mtli Beei’s law for this range of sodium 
coiieentiation This color was found to be stable foi several hours 

The denations of the coloi leadings fiom the mean indicate that the ex 
periniental eiior of the method is appiovimately ±5 pei cent, vliich is no 
greater, if not less, than that mcuried in the gravimetiie, titnmetiic, oi otliei 
color imeti 1 C methods / 

The adequacy of the one houi of leliigeiation and the smgle alcohol vash 
mg employed in these tests was demonstrated by the eoncoi dance of the lead 
mgs of samples of the standard so obtained with those of similar samples which 
were allowed to stand in the lefiigeiatoi overnight and which veie washed 
tliiee times ivith 95 per cent ethanol 

Since the application of the method to urine was expected to entail the 
lemoial of phosphate ions, solutions of KH 2 PO 4 ivhicli contained the inteifenng 
10 ns in more than twice then normal concentration m the unne were treated 
in the manner described for the sodium standard This test disclosed that the 
piecipitate obtained under these conditions, unlike the sodium acetate complex, 
was insoluble 111 water, could be lemoved by centiifugation, and did not con 
tribute any measuiable coloi to the supernatant fluid This obseivation in 
dicated that the unnaiy phosphates could be leadily disposed of m this manner 
lather than bv the use of supplementary ieagents“ Tlie analjdical adequacy 
of removing phosphate ions by this scheme was further shoxvn by the agreement 
of sodium values of 0 2 and 0 3 c c aliquots of the standard before and aftei 
the addition of 2 mg of KH-POi (Table I) This amount of phosphate ion 
is equixalent to appioximately 5 Gm of this ion pei btei 01 about tmce its 
noinial eoncentiatioii m human urine 

APPUCATION OF METHOD TO BIOLOGIC MATERIALS 

111 applnng the technique to unne denied from adults and children the 
following procedure was found satisfactory to 02 cc of unne in a 15 ce 
dentnfuge tube was added, with mixing, 1 ce of reagent After refngeiation 
for one hour at 4° C the mixture was centrifuged at 3,000 lexmlutions 
minute foi ten minutes The supernatant fluid wms discarded and the tubes 
were carefully drained by invei-sion The yeUow' precipitate was resuspended 
111 2 e c of 95 per cent alcohol, washed by^ centrifugation, and again drained bv 
inxeision The piecipitate was dissohed m 5 cc of distilled water (The 
tuibiditv which mav result from the presence of an excess of phosphate 
IS easily^ remoxed bv ceiitnfugation ) The clear yeUow' supernatant fluid 
decanted mto the colorimeter tubes and the intensity of the yellov, color mcas 
uied m the Klett-Sumnrerson coloiimetei using an S-42 filtei A paiallel deter 
nimation wms also done on a 0 2 c e aliquot of tlie standard The sodium con- 
tent per cubic ecntimetei of urme wms obtained from the foUowung fonnula 

Keadiug of unloiowTi/ieadmg of standard x 0 4 mg of Na x 5 



DFTEKMIXATION OF SODIUM IN' HUMA^ BIOLOGIC FLUIDS 


249 


It IS obvious that careless handling of the tubes duiing the u ashing proc 
esses iviU result in the loss of precipitate nhieh will lead to seiious analytic 
errors For this reason aU determinations should be done in duplicate 

The sodium content of spinal fluid also can be determmed directlj in 0 2 
c c samples as described foi urine The presence of the small amounts of 
phosphate ions and piotein ivhich usually occur in this mateiial does not inter 
fere with this assay 


Table I IlEco\’Er\ op Vddcd Sodium 


SAMPLE 

SODIUM 

ADDED 

(MO) 

SODIUil ' 

FOUND 
(MO ) 

PECOVEPN OF 
ADDED SODILM 
(%) 

IaII PO , 2 mp 

0 

0 


KHjPO 2 mp 

04 

04 

100 

ililfPO 2 mp 

06 

06 

100 

Urine P, 0 2 c c 

0 

0129 


Urine P, 0 2 c c 

02 

0 327 

D9 

Unne G 0 2 c c 

0 

0 557 


Unne G 0 2 c c 

02 

0 748 

95 U 

Unno M, 0 2 c c 

0 

0 473 


Unne 0 2 c c 

02 

0 668 

D7 5 

Serum D, 0 1 c c 

0 

0 315 


Serum D 0 1 c c 

02 

0 520 

102 

Serum W, 01 c c 

0 

0 308 


Serum W 0 1 c c 

02 

0 515 

103 

Plasma 0 0 1 c c 

0 

0 362 


PInsnm C 0 1 c c 

02 

0 562 

100 


In the analysis of scrums, plasmas, or whole blood 02 cc aliquots aie 
treated wath 0 6 e c of 20 poi cent tnchloracetic acid and, aftei centrifugation 
04 ec of the supernatant fluid (eqimalent to 01 cc of the original sample) 
IS treated with 1 c o of the leagent and the determination completed as de 
sonbed foi urine In practice whcncyer sufficient material is aiailable it is 
more cony enient for duplicate analyses to obtain tivo 0 4 c c aliquots from 0 5 


Table II Sodium Content of 'Vapious Human Biolooio Fluids 


SUBJECT 1 

SAMPLE 

1 SODIUM CONTENT 

C, Adult, male 

Serum 

316 mg % 

E Adult female 

Plasma 

307 mg % 

IT, Adult male 

■\lliolc blood 

224 mg % 

J Infant female 

Serum 

325 mg % 

1)-, Infant, male 

Cerebrospinal Ouid 

285 mg % 

D Infant female 

Cerebrospinal fluid 

312 mg % 

"V, Infant female 

Cerebrospinal fluid 

294 mp % 

J Premature infant, male 

Unne 

129 Gm /daj 

G Infant male 


ol4 Gra/day 

S Infant male 

Unne 

550 Gm/day 

A Adult male 


1 75 Gm /day 

Adult female 

Unne 

» 37 Gm /day 


ec portions of the blood fiactions to winch aic added 15 cc of the tiiclilor 
acetic acid solution The adequacy of the technique as applied to these biologic 
fluids IS indicated by the quantitatiye rccoyeiy of added sodium (Tabic I) 

The results of analyses of biologic fluids obtained fiom human subjects 
of yarious ages aie given in Table II It will be noted that these are in the 
langc of the y allies reported by others 
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stTMM usy 

A lapid microcoloiimetiic pioceduie foi the estimation of the sodium cou 
tent of biologic fluids has been deseiibed whicli yields values comparable to 
those of methods lequinng laiger amounts of material and greater expenditure 
of time 
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Nfv\ Aork \ Y 

T he eniliest methods foi the quontitituc detcimiintion of piesnandiol wcic 
gra\jmetnc Some ■\cais latei Tallmt and oo^\olkels' desciibed a col 
oiimetiic technique the addition of sulfuric acid to piegnaiidiol pioduccd 
a coloi ^\ith a maxiinum ihsoiption at 420 inilliinicions The acciuac\ of the 
method i\as leported to he Mithm 3 pci cent foi quantities of piegnandiol hi 
tiiecn 0 05 and 0 3 milligrams The relationship het-\\cen coIoi denslt^ and 

qiiantitv of pregnandiol i\as accoidin^ to the equation f = 2 Vlthoivli 

this leaction ^\as entiich satisfacton in the hinds of Taliiot and (o\\oikers^ 
othciV ’ found tliat it shaicd some of the well 1 no^^n unpleasant liibits ot 
sulfuric acid coloi*s in gcnei*al The I itheiinann Buuli lult h ution foi in 
stance, has a tendenc\ to de\elop adicntitious lints uhich ma^ be most dis 
tiubmg other colonmetnc methods using sulfiuic acid often lune lieon it 
placed foi the same leason ('TUtoimaiP found spuiious coloi's so tioublcsomt 
dining his pregnandiol dotoiminations that it became necessan toi him to 
nioditc his teclmique considcialih and to luepnic ficsh icacents e\en t^o to 
three dacs 

In MOM of tlicse facts an attempt was made to decelop anothci eoloi le iction 
which would be at least as sensitnc as the sultuiic acid method ^ct which 
would not decelop adccntitious colors Of a numbci of reactions tested one in 
paiticulai ga%e indications of being suitable It has been icpoitcd* that cholcs 
terol produces a chaiactcrLstic coloi when added to acet\l chloride and zinc 
chloride in a solution of glacial acetic acid Subsequent workeis developed 
this leaction into a quantitative method for the deteiraination of blood clioles 
tciol in oui expeiiencc it has distinct advantages over the iLsual Blooi method 
Despite ceitam theoretic piedictions it was found that pregnandiol gives a 
stable quantitative coloi leaction with acetvl cliloiide and zinc chloiide within 
ceitam limits the quantitv of piegnandiol and the coloi intensitv have a stiaight 
hne relationship so that diiect colorimetric leadings can be made 

EXPERIMENT VI 

Carefullv lecnstallized pregnandiol was used thioughout Ether alcohol 
solutions containing 0 10 and 1 0 mg per milliliter were picpaiod the dcsiied 
quantitv was pipetted into the leaction vessel and the solvent evapoiated TJic 

. From Oie Endocrine Dl^i Ion of the Department of Ob'itetric’f and G}necolog\ Duke 
'-nhersltj School of ilediclne and Duke Hospital Durham N C 

Part of the expen e of this tu W were defra>e<l b> a grvnt from V%er t McKtnna 
“■jrri on. Ltd New lork N 1 to Dr E. C Hamblen the pregnandiol was supplied from 
Oils source 

Recehed for publication Xo\ 11 194 
St Clares Hospital 
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Zinc cliloiicle leagent ^^as piepaied by drsohing 38 Gm of piue zinc clilonde 
111 sufficient glacial acetic acid to make a final volume of 100 milliliters 

The absoiption spectium of the eoloi complex, aftei deielopment foi tlniti 
minutes at 50° C , is shoini in Fig 1 ila\imum absoiption oceuiied between 
370 and 450 millimicrons At u ai e lengths belou 300 111^1 the soh ent became too 
opaque foi fuitliei deteiminations 

Various factois uhieh might affect the coloi deielopment, such as piopoi 
tion of reagents, tempeiatuie, time, and concentration, were studied 



It uas found that 25 cc of acetyl chloride neie most suitable to a fina 
lolume of 10 c e attained bj the addition of zinc clilonde reagent 

The highest tempeiatuie at yhich color development could be earned out 
mtliout substantial losses of acetjl clilonde by volatilization was found to e 
50° C 

Coloi development at a constant temperature of 50 ± 2° C proceeds rap 
idly dunng the fii st fifty minutes Small quantities of pregnandiol (less than 
0 2 mg ) attain a constant color density by 150 minutes, but with larger amounts 
(0 3 to 1 0 mg ) the color continues to increase in density even after 300 minutes 
of incubation AYhen cooled to room temperature the color is stable and re 
mains constant for at least two and one-half hours 

A difteient aspect of the lelationslup between color density, concentration 
and incubation time is sliovvn in Fig 2 The data are taken from runs came 
out 111 triplicate It will be seen that color versus concentration is a stiaigi 
line relationship if the heating time is thiity to fifty minutes, incubation or 
longer than sixty minutes vuelds aberrant results wuth liigher concentrations 0 
pregnandiol 
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It was found impmctieable to control the temperature and the heating so 
closely that the use of a standard solution became unnecessary With the use 
of a standard (0 5 mg piegnandiol) the method was found to be accurate 
within 4 per cent 

PROCEDURE 

The unknown quantity of pregnandiol is dissohed m a suitable amount of 
solvent, such as ether alcohol, and an aliquot representing approximately 0 1 
to 1 0 mg IS pipetted into a 10 c e glass stoppered \olumetric flask The solvent 
is eiaporated off Approximately 6 cc of zinc chloiide leagent are placed m 
the flask and 2 5 c c of acetyl chloride aie added from a small burette A stand 
ard for comparison, representing 0 50 mg of pregnandiol, is prepared in similar 
fashion The flasks are incubated m a hot water bath at 50° C for thirty min 
utes The flasks aie then dipped briefly in ice uater until cool and are allowed 
to stand at room tcmperatuie for tuenty minutes The volume is adjusted to 
10 cc with zinc chloiide reagent After caicful mixing of the solution to in 
suic color uniformity , it is ready for leading 

SUMMARY 

A nev coloumetric leaction uith pregnandiol, based on its interaction vith 
acetyl chloiide and zinc chloride m glacial acetic acid solution is described The 
charactenstics of the reaction and tlie technical proceduie are discussed briefly 

0 express our thanks to Dr W J Dann of the Uepartraent of Biochemistry for tlie 
spoctrophotoraetric detenninations 
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THE EFFECT OF CHLOEINE ON COMPLEMENT FIXATION 

ANNn C Kijiball., Ph D , and Paul W Kabler, Ph D , M D 
Minneapolis, Minn 

M any laboi atones aie equipped with coiitmuous-fiow Avater stills iilucli 
peimit consideiable quantities of chloiine m the tap watei to be condensed 
in the distillate In oui expeiience ivith a Bainstad “Q” tipe of still, tlie 
chloiine content of the distillate maA" be as high as the Avater fioni aaIiicL it is 
piepaied, and maA’, theiefoie, fluctuate in i elation to the chloiine lesidiial of 
the uiidistilled AA^atei 

When this still A\as flist put into use tbe distillate Avas used in piepaiing 
saline foi the Kolmer-Wasseimann test and AAe AA'eie not able to get a comple 
nieiit titiation in the appioA^ed dilution lange eien though all the biologic 
leageiits had been satisfactoiA Aiheii titrated AAitli saline of distillates fioni otlier 
stills This qualitA of mteifeiing AAitli tlie complement titiatioiis Avas found 
to coiielate AAitli the chloiine lesidual of the Aaiious distillates 

Diiections foi making the saline foi Kolmer s modification of the Wassei 
mann test specif a" the use of 0 85 pei cent sodium chloiide The addition of 
1 0 c c of 10 pel cent magnesium sulfate to each litei is i ecommeiided but is 
not alnaAS essential Healing in an Arnold steiilizei foi one houi is coiisideied 
adAisable if the saline is not used immediatelA ’ - No specific ciiteiia of accep 
table AAatei aie gneii in lefeience to ehlorine lesidual 

High Chloi me Residual (Aboi c 0 8 Pai is Pci Mxlhon ) — When the chlonnc 
lesidual of tlie Aiatei is 0 8 paits pei million oi liighei, complete hemoljsis is 
not obtained in aiiA tubes of the hemolAtic titiation using Kolmei’s method 
Sheep cell suspensions using saline AAuth these high chloiine lesiduals show a 
slight change in eoloi, appealing daikei and soiiieAvliat biOAAii At times eieii 
loAACi chloiine lesiduals amU pieient complete hemohsis in all of the titiation 
tubes 

Study of Lou'ci Chlonnc Rcsxdiials (0 6 Paits Pei Million oi Less) — The 
total chloiine lesidual of fieslih distilled Avatei A\as deteimined AAUth a coni 
paiatoi using the oithotoludine method^ Chloiine fiee Aimtei (Table I, A) 
AAas obtained Iia autoclaAing a portion of the natei foi tAAmiiti minutes at lo 
poiuids, once oi tAvice as needed Watei containing tliiee intei mediate amounts 
of chloiine (B, C, and D) A\as piepaicd Iia’’ mixing tlie chloinie-fiec (A) and 
the chloiine containing (E) Avatei 

Fiac 0 85 pel cent saline solutions AAith magnesium suliate added as icconi 
mended Iia Kolmci, aacic piepaied using distilled Aiatci A, B, C, D, and E 
(as in the pieceding paiagia]ih) All icagents foi use in the Kolmci Wassci 
maim test aacic piepaied A\i1h the fiie saline solutions and fiie titiatioiis am 
quantitatiAC tests aacic set up In the fii'st set of expciimcnts fiie poitions o 

Prom the Alinne'^ota Department of Health Section of Medical Lahoratone'i 
RecelAcd for puhlicition No\ 17 1017 
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slieep cells weic ^^aslled and pncl^ed scpaiatcly \\ith the fi\c saline solutions of 
van mg chloiine lesiclmls Foi the second set of c\periments the sheep cells 
\\eic washed, packed, and diluted to 20 pci cent nith chlorine fiee saline, and 
fl\c poitions weic furthci diluted to 2 per cent with, the \ai\mg salines The 
same Kolmci antigen and hemohsiii i\cie used m botli e\pciiments, uliile the 
L)oiac complement and positne sciaiicie diffeient 

The icsults of the ten titiations and quautitatiie tests arc sIiomti in Table 
I It IS to he noted that with each incicasc iii chloiine icsidual moie hemoljsin 
01 more complement or moie of both js icquircd foi the tests ns indic ited bi 
the titiation 


T\dlc I 


EXPERI 

ilEST 

SOLU 

TlON 

ClIIOriNE 

PESinUAL 
(p p it ) 

HEIIOL 

YSIN 

TlTP \TION 

\CTnC UNIT 
OP COilPLE 
MEM IN 

ML 

1 30 

1)11 UTlON 

QU\NfITlTI\E KOLMEP W ASSEPM \\N 
(MI OP POSITINE SERUM) 

] 1 1 1 1 CONTROL 

02 I 0 1 1 0 05 1 0 02o 10 012 j| 0 2 

I 

A 

0 

1 5000 

04 

4 

4 

4 

4(31 

±(-) 

_ 


B 

15 

1 5000 

0 45 

4 

4 

4 

1(3) 

±(-) 

- 


c 

0 

1 5000 

05 

4 

4 

4 

4(2) 

l(-) 

- 


D 

43 

1 4000 

Oo 

4 

4 

4 

4(2) 

±(-) 

- 


L 

G 

1 3000 

05 

4 

4 

4 

4(1) 

±(-) 

- 

II 

A 

0 

1 8000 

0 > 

4 

4 

o(l) 





B 

12 

1 GOOD 

0 J 

4 

4 

^(1) 

- 

- 

- 


C 

2o 

1 5000 

0 4 

4 

4 

3(1) 

- 

- 

- 


D 

37 

1 4000 

0 5 

4 

3(1) 

l(-) 

— 

- 

- 


E 

5 

1 4000 

Oo 

4 

„<1) 


- 

- 

- 


•Reaclinffs made ten minute-? after clearing of controls 

Reading made after one hour of incubation U shown In parenthesis if different from the 
earlier reading 


Quantitatuc tests wcio set up using foiii diffcicnt positnc seia on each 
da-v The lesults with 011I3 one sera arc shown in Table I The results were 
similai with all sen, that is slightlj wealci leactions with the chlorine con 
t lining saline 

DISCUSSION 

These results indicate that saline made with chlorine fiee distilled water 
sliouUl be used foi diluting icagcnts foi complement fixation tests The ad 
vantages arc as follows 

1 Kemotal of one factoi which ma^ male it impossible to get a titration 
ni the appio\cd range 

2 Highci sensitiMt-s of tests 

3 Lowei cost of leagents this is paiticularh impoitaiit in lefeience to 
the complement 

It IS Intel esting to note that the actual tests do not indicate that the 
chloiine has an enhanced dclctciious ctfcct ou the complement dining the long 
ieeho\ fixation The explanation of this is not appaient fiom the present 
obscnntions This stiuh included onh the Kolmoi Wassoimnnn complement 
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fixation test, but it seems reasonable to assume that the same effect would be 
seen with any complement fixation procedure 

Distilled Avater containing chlorme may be rendeied chlorine-free by sev 
eial methods 

1 Storage for one to several months 

2 Boiling to tivo-thirds or one-haK the original volume 

3 Autoclaving at fifteen pounds pressure for twenty minutes once or 
twice as needed 

4 Inserting an activated-eaibon filter to remove the chloiine from water 
going to the still 

Befoie use, the water must be tested for chlorine lesidual Since a satis 
factorj^ watei must be ehlorine-fiee, there is no need to deteimine the content 
if present 

CONCLUSIONS 

1 Attempts to titrate the reagents for the complement fixation test are 
unsuccessful w’hen distilled water with a high (ihlorine residual (0 8 paits per 
million 01 higher) is used in prepaiing the saline solution 

2 Complement fixation tests using watei with lower cliloiine residuals 
(0 6 parts per million or less) lequiie moie hemolysin or moie complement or 
more of both than tests using chlonne-fiee water 

3 Only eliloime-fiee watei should be used m saline foi complement fixation 
pioceduies 
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THE DYNAlVnCS OF PROTEIN JIETABOLISII 


I The Interrelationship Between Protein and Caloric Intakes and Theip 
Influence Upon the Utilization op Ingested Protein for Tissue 
Synthesis by the Adult Protein Depleted Rat 

Earl P Benditt, MD, Eleanor M Humphreas MD, Robert W Wissier 
Ph D , C Harold Steffee, M A , Laurence E Frazier, B A , 

AND P AUL R Cannon, M D 
Chicago, III 

introduction 

O PTHIAL nutrition remains a majoi problem of medicine and surgen de 
spite the accumulating knowledge concerning vitamins ammo acids and 
other essential dietar} factors Until certim lelationships aie moie cltarh 
elucidated howeACi, we still cannot utilize this 1 now ledge with full effectneness 
Important among these is the mterielationsliip between the le\el of piotein in 
take, the energj intake, and the utilization of dietao piotem The present 
studies weie undertaken in ordei to examine this interrelationship undei con 
trolled conditions The basic plan was to stud} the rate of utilization of protein 
for tissue fabrication b} the piotem depleted animal under the following cir 
cumstances (1) varjang caloric intake with constant piotem intake, (2) 
\arving protein intake with constant caloric intake, and (3) simultaneous xari 
ation of caloric and protein intakes 

In these studies we haAO examined not only gioss rates of fabrication of 
protein in the body as a whole but also lates m Aarious bod} compartments 
This paper deals only with the gioss metabolism of protein m the rat A sec 
end paper will contain eMdeiice which demonstrates a fundamental similaritA 
of the protein fabricating mechanisms of the rat and man Later papers will 
deal with the relatne rates of protem s}nthesis m \anous bod} compartments 
of protein depleted animals 


jiaterials and methods 


In these experiments protem depleted, young adult male albmo rats (Sprague Dai\ley) 
were used At the start of the depletion period their freights averaged 210 grams For two 
and one-half months they were depleted upon a low protein diet which contained adequate 
offerings of calories vitamins, minerals, and other dietary essentials The depletion diets 
and regime have been described i At the end of the depletion period the average weight of 
the animals was 154 grams Animals were then individualized Groups of five or six animals 
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were selected to be fed each of the expeninental diets The ammals were chosen so that each 
group was comparable with respect to initial weight, weight loss, serum piotein conccntra 
tion, and hemoglobin concentration 

The basic composition of the diets was the same m all three experiments For the pro 
tein, a half and half mixture of boi me lactalbumin^ and caseinl x itamin test was used Th'* 
composition of the diets is given in Tables I and II It is evident from Table I that in E\ 
penment 1 the absolute qiiantitx of protein offered pei daj was constant, bnt the quantih of 
cirbohydrate xaried In Experiment 2 the absolute quantity of protein fed per dax was varied 
and the total caloric xalue of the diet offered was maintained constant Experiment 3 utilizeil 
the same diet throughout, offered in different amounts to diffeient gioups of animals Dieb 
wore offeied in xxeighod imoiiiits eich dnx Diet consumption xxas measured dailj and the 
experimental feeding period was fourteen dajs 



Experiment 1 
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Experiment S 


A. 

15 0 

0 53 

48 

1 0 

o 9 

1 8 

16 

08 0 

40 
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Experiment S 
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Initial determinations of the xarious blood compartments xxere made bx methods wl 
have been described in detiil elsewlicies At the end of the test period these xalues were 
determined The animals were then saciificed Lixer, heart, kidnexs, and approxamate i 
per cent of the blood were removed The gastrointestinal tiaot was stripped of its con 
The c'lrc'iss ^Mtli the rcsidnil content's, including the g'l'^tromtestiml tnet, "uas 
annhzed for ^^'lte^, fat, protein, and ash 


•Borden Xo 3'')42 

tSMVCO \It'imin te';t. General BloohcTnicals Inc 













D\ \ VMICS OP PROTEIN MET VBOLISM 


250 


T\bu: II DuL\ Aitvmin R\tion 


VITAMIN 

1 

QUVXTITV OFPETED PEll D\\ 

Tluamm chloride 

60 

gamma 

Hiboflav ID 

120 

gamma 

Niacin 

200 

gamma 

Pvndoxine IICI 

90 

gamma 

Calcium pantothenate 

190 

gamma 

Choline cliloride 

27 

mg 

Oleum percomorphum 
^ itamin A 

00 

USP units 

\ itamm D 

9 

USP units 


\11 diets offered the e qunntitle of the \itamlnd per animal per (]a^ except In Experiment 
3 In this experiment the \itainlii offering «us proportional to the quantitj of diet offeretl 
diet 3 D pro\lding the standard allounnce Diet 3 F otherwise identical with 3 V offered the 
standard quantities of the \itnmins 

The method of carcass anahsis was as follows Each enrea g ^s■^g cut into piec s with 
a •'scissors atid the pieces ground in a motor driven meat grinder Grinder and parts were 
rin ed wath alcohol and wiped with a weighed filter paper Grinding waslnng and paper 
were collected in a weiglied cnporating di^^b and dried at a temperature of 60 C in a hot 
air oven for a minimum of fi\e di\s Following tin the di h and contents were weighed 
and tlie contents were transferred to a weighed fat free mu lin ack and extracted for 
twelve hours with alcohol in a Soxhlet extractor Thc\ were re extracted for twehe hours 
With ether Following thi's, the ack and contents were dried again for fortv eight hours 
in tho GO C oven cooled in a desiccator and weighed Preliimmrv to a lung the dried fat 
free carca«s w ground to a fiue powder in a motor driven pulverizer Dr\ 2 Gni samples 
were a hed m a muffle furnace at (lOO C for six hours cooled m a de iccator and weighed 
It was found in earl) experiments that complete recoicia of the lo t weight bj these 
protein depleted adult animals wa« not a sonnted with significant changes in tho a^h content 
of the carcass and that differences of the order of magnitude found were withm the limits 
of variation among individual animal** Therefore in Ex-penments 2 and 3 tho a h content 
was determined on single samples from each of the diet groups and the pooled aierage so 
obtained was used to compute the protein content of each earca s 

Protein was computed ba deducting the weight of the ash from that of the dn fat free 
carcass In order to ascertain how closelv this value approximated the ron\entional N x 6^j 
value for the estimation of the protein tho following experiment was performed Nitrogen 
determinations were made on «even carcas es of animals of widelv differing weights The ni 
trogcu concentration of the ash free carcass was found to be lo 7 ± 00^ per cent This value 
is in reasonable agreement with the commonh actepUd value for animal proteins of 16 0 
per cent nitrogen and ivith the value of 15 4 per cent found bi Addis and co workers 3 

The livers were anahzcd for fat water protein and waiter soluble constituents bv a 
metliod similar to that used for the carcasses The details will be gi\cn in a later paper 
^11 hearts and kidneis were weighed and selected one were analized 

OBSEIlt \TIONS 

Table III picsents the obsemtions on bodv weight diet consui''ption car 
cass fat and piotein Recoidcd in Tabic IV aie the average ot the mean weights 
of the animals foi the foniteen dav cxpeiiniontol peiiod the average weight 
gams the calcul ited surface mens'* the avenge diilv piotcn iiital es caloric 
intakes and rates of protein gain 

Tlie protein intal es are reeouletl as giains of jirotein ingested {N x 6 25) 
pn 1 ilogram of hodv weight per dav The into of pioteiii utilization is record 
®d in an analogous fasliiou as gnnis of piotcin ^ained per 1 ilogram of bodv 
''eight per dav Cnioiic intal e appeal's vs cnloncs pei square meter of bodv 
surface per dav These units mav appeal imnecessanlv devious and cumber 
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some, an inspection of the natme of the quantities, howe\ei, shows that tliei 
1 educe the measuied values to a system of units which is independent of the 
size of the animal Tlie advantages of this for eompaiiug animals of diffeient 
sizes 'Within the same species oi of different species are obvious and mil hecoiiie 
cleaiei 


table in Okiginal Dvta fob Bod\ w^eiohts, Diet Consumption, Carcass Fat and Ppoten' 
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Table IV 'Weioht Gains and Katio op Protein Utilizatiov at Various Caloric and 
Protein Intake Levels 


NUIIBEP 

OF 

ANIilALS 

AVERAGE 

MEAN 

tvEiGirr For 

14 DA\S* 
(Git) 

[ AVERAGE 

I TVEionr 

1 CAIN For 
' 14 DUS 

1 (DM ) 

SUPFtCE 

AREA 

Vt'ET \OL 
FOR 14 D\YS 
(M2) 

DAIL\ 

PROTEIN 
INTAKE 
(OM /KO ) 

DAIL\ 

1 CMORIC 1 

I INTAKE 1 

1 (C^L/M ) , 

DAIL\ 

PROTEIN 

GAIN 

(OM /KG ) 

Experiment I 

4 

159 

G 

020 

9 0 

500 

03 

5 

168 

34 

027 

89 

900 

23 

5 

177 

61 

028 

86 

1240 

35 

5 

182 

67 

028 

83 

1670 

3 1 

5 

187 

70 

029 

73 

1840 

32 

4 

153 

-18 

026 

04 

1060 

— 

Experiment £ 

5 

154 

13 

020 

28 

1510 

0 0 

(J 

168 

41 

027 

48 

1690 

26 

G 

178 

61 

028 

63 

1690 

37 

6 

186 

74 

029 

80 

1640 

3 7 

G 

18S 

85 

029 

9o 

1610 

4 6 

6 

191 

90 

029 

14 8 

1610 

0 o 

5 

140 

-71 

024 

05 

1210 

— 


Experiment S 



157t 

o 

026 

34 

o»0 

I b 


154 

3 

020 

29 

jsn 

14 


162 

2S 

027 

46 

030 

j ) 


179 

50 

028 

50 

1220 

3 8 


193 

72 

030 

75 

1610 

44 

5 

197 

87 

030 

87 

lS8o 

45 


145 

-20 

025 

04 

1040 

— 


ifeaa weight is the averae^e ot the Initial and ilDal weights of the animals in each group 
for the fourteen day period 
tHlgh vitamin diet 



Pie 1 —The influence of le\el of caloric intake on protein utilization 
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cass Here not of sufficient maoTiitude to necessitate then addition Recorded 
rates of gTin tlierefoie lepiesent toi pnetical put poses all of the protein fabn 
cited into bode tissue, e'cclusii e of tliat used foi nnmtemuce 

Fi" 1 demonstrates the influence of caiiation in ciloiie intake upon pro 
tern utilizition, the piotein intake lemaiiung ipproumateh constant At the 
loirest teicl of caJoiie luta) e (660 Cal per sqiiaie inetei pel dai ) protein utili 
zationirasaen poor (0 3 &ni pel kilogiani pei dai ) With inci easing calorie 
intake, protein utilization lose until a iiin\iniuiii lias leached it an mtal e lea el 
of 1,240 Cal per square metei per dn\ Beaond tins point tlieie was no addi 
tional utilization of piotem despite the fact that the caloiic mtal e incieased up 
to 1,840 Cal per sqiiaie inetei pei dai 

The effect of canin', the piotein intake at i constant caloiic mtal e is deni 
onstrated be Fig 2 As the piotein intake w is laised fiom 2 b to 14 8 Gm pel 
kilogram per daa protein utilization losc The use iias ilmost linear up to 
about 6 &m pei kilogiam pel daa keiond this point tlie i ite of piotem utili 
ration became piogiessnclj less A'ei ci theless at the highest leael of intake 
the ceding of utilization had not jet been i cached 

AVhat occurred ulieii incieasing quantities of the same diet weie fed to tin 
depleted animals is shown ni Fig 3 In tins situation thcie is a constant ratio 
of protein to energi in the diet the leiels ot piotem and caloiic lutake aaning 



FIp 4 — Tlic jnOuence of caloric InUike at a constant protein Intake on the rate of fabrication of 
carca s fat and protein b> depleted rat3 

togetliei Uiiclei tJiese eireiiiiist iiiccs the inte of jiirtein utilization increased 
"itli increasing diet mtal e Lool ed at troiii another point of new when tin 
fiuantiti of diet was ustricted the rate ot piotein utilization tins restricted It 
« eiideiit fiom the data that the Imiitation in the rate of protom utilization was 
not the summation of the effects of the icstiietioii of both protein and cneigi 
nitakes and the icstiiction ot utilization at am point was no greatei than the 
Wasinuim icstriction induced In the lestriction of the protein component alone 






D\NAMICS OF PROTEIN METABOLISM 


265 


Our observations on protein depleted animals are in agieeinent with those 
cited on patients and growing animth Thus there is a lestiietion m the utiiiza 
tion of a constant qiiantitj of piotein when the calorie intake falls below a 
critical value of about l,2i0 Cal per sqinie meter per dav Furtheimore, eleva 
tion of the caloric intake above this level does not increase the effectiveness of 
the dietarv protein for the synthesis of new tissue It is of interest in this con 
neetion that the critical caloiic value obseived bj Bossliardt and eoworkei's* 
with the growing rat was approMinatelj 1,250 Cal pel squaie meter per daj 

What IS the significance of this ciitical caloric value? It is possible to elu 
cidatc the natuie of the composition of tins 1,240 Cal per square meter pei 
daj bj breal ing it down into its component parts (a) eiiergj used for main 
tenance, (b) energj for plijsieal woik, (e) energj for tissue iabrieation (d) 
energy stored in the foim of new tissue (that is as fat and protein) and (e) 
waste energj in compounds excieted but not completelj burned From caicass 
analjsis data and food intal e cneigj balances ean be constructed Thus the 
animals receiving a total eneigj allowance of 1,240 Cal pel squaie nietei per 
day stored 323 Cal per square meter per day as new tissue The difference be 
tween the total intake and the eiieigv appearing as new tissue represents the 
quantity consumed for eneigj and wasted Therefore the animals must have 
consumed and wasted a total of 917 Cal per square meter per dav Prom Table 
HI it IS evident tint the animals which leeeived 560 Cal per square meter pei 
day w ere able just to maintain themselves during the fourteen day period It 
appears justifiable therefore to take this as an approximation to the minimal 
maintenance eneigj requirements The difference between the total energy eon 
sumed (917 Cal pei square meter per day) and the energy used for mainte 
nance (560 Cal per square meter per day) represents the energj used to con 
struct new tissue plus waste energy , in this case 457 Cal per squai e metei pei 
day 

The quantity 1,240 Cal pei squaie iiietei per dnv theiefoie appears to lep 
resent the energj Tllowanee which will supply the maintenance needs of the 
animal with sufficient excess to allow foi maximal utilization of ingested pro 
tern for tissue synthesis At caloin, intakes below the critical level the animal 
must resort to burning protein for puielv eneigj puiposes As a consequence 
the restriction of calorie intal e below the ciitieal point has the same net effect 
as a restriction of the protein intake 

Pat and protein svntliesis in the depleted animal are partly independent 
At low caloric intake levels both fat and piotein storage are proportional to the 
calorie intal e At caloiic intake levels above the iiimiiiium necessarv for maxi 
mum protein fabncation, fat and protein metabolism are essentially independent 
(J’lg 4) A partial independence of the fat and protein metabolism bus been 
observed in human bemg-s’” It was found that obese individuals on protein in 
takes of 1 to 1 5 Gm per 1 ilogram per day and on caloric intakes 30 per cent 
less than estimated basal needs lost weight but remained in nitrogen equilibrium 
Nonobese indiv idiials on such a i egime not onlv lost weight, but also bad nega 
tive nitrogen balances Thus it appears that the normal organism requires a 
certain quantitv of fatty tissue in addition to nonfat tissue , but excessiv c quan 
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titles ot iat aie not onh unnecessai\ but also piobabh undesiiable and tan bi 
dispensed AMtli -witlioiit saciifiting inoie needed tissue-, Some fat gam is ncees 
sarv 111 tlie leliabilitatioii of depleted indniduals foi the pnipose of building up 
eneigi lesciics Exccssne fat gam is piobably to be aioided since it appeal, 
to do little but place an e\tia plnsital stiain upon the oiganisin and in addi 
tioii is eeonomiealh -wasteful Tlieiefoie, adequate but not exeessive caloiic in 
take IS the aim in com alescent and i eliabilitation feeding 

The statement lias been made that nitiogen balance can be mamtanied on 
a lo-w caloiie intake foi slioit peiiods of time In gniiig relatneh laige amoiinh 
ot piotein ® Oui findings agiee nith this Thus at a Ion raloiic intake (560 Cal 



PROTEIN INTAKE GM/KGM/DAY 

Fik C— The i-iUe of protein utilization foi tissue sinthesis m different le\els of ptotein 
Aault depleted rats — g:^o^VlIlg rats after fearnes and co^^o^ke^s 

pel sqiiaie mctei pei da^ ) and a juotein intake ot 9 Gm pei kilogiani pei dn 
cell Ion dcgiees ot nitiogen utilization ncie found, smiilai to those obtained •' 
L/lman and associates'’ in dogs But it is obtious tioin oiii obseiiations that t 
IS a liiglih inefficient pioeediue in teims ot nitiogen utilization Jloieoiei, ii> 
a debilitated patient the desiied lesiilt is not the achle^ement of meie iiitioge» 
equilibiium, but lathei the high degiees ot nitiogen letention nhieli go imHi the 
fabiication ot significant quantities ot new tnsiie 

Long ago it i\as touiid that the late ol gam ot bodi iiciglit ui gioumg'"" 
mats inci eases as the pioteiii intake is iiici eased ” Foibes and co-woikeis’ m 
■vestigated this pioblem tiiithei -with caiefiil studies of nitiogin and eiicrg' 



D\\\MICS OB IIOiriN MLT\BOLIbM 


267 


iiietabolisin Unfoitumteh then lo'west protein mtal e level \^as 7 Gm pei kilo 
gram per dn\ so tint tliej ha\e no data on the impoitant loA\ei le\els of intal e 
More recenth this piobleni has lieen leim estimated Barnes and colleagues'’ 
These iincstigatois fed protem at ^arlo^& intake le^els to glo^Mng lats keeping 
the energ^ mtal e appioximateh constant The\ did nitiogen determinations 
on the carcasses Tlien data lecaluilated and plotted in Fig 6 along Mith the 
obsenations from Experiment 2 described heie aie m excellent agieement ■nitli 
ours derived fiom the adult piotein depleted nt 

This agreement becomes all the moie significant i\licn one consideis the fact 
that the animals used m the ti\o expenments diffeicd both ni age and size one 
group bemg protein depleted A fundamental lelationship ippeai's to exist be 
tivecn the intake le\el of protein and the rate of protein utilization for the fabn 
cation of tissue m the piouing animal and in the adult piotem depleted animal 
undergoing lepletion Putting all of the toiegomg facts togethei we infer that 
the fabrication of a 1 ilogiam of new tissue in a giouing animal and the lecon 
structiou of a 1 ilogiam of tissue in an animal uhich lias lost tissue due to piotem 
deficiencj demand similai quantities of structural mateiial and similai con 
structing energies 

This does not impl\ that the quantitatuc reqniiemeiits and the behaMoi 
of tissue sMithesis in relation to piotem mtal e are tlie same nndei all condi 
tions, because ceitain things ma\ niodifx the late of utilization of protein 
Thus as an animal appioaclies its grouth maximum the late of utilization of 
protein for s^nthesls of ne^ tissue declines In the face of injuries such as 
burns, fiactiues oi infections theie also is a mailed deciease in the late of 
tissue s^ nthesis But other things bemg equal the i ate of utilization of a high 
qualitj protein foi SMithesis of neu tissue inci eases with inci easing le\els of 
protein intake proMdmg the calonc mtal e is adequate to suppJj both the basal 
cnergj needs of the organism and the cncigx needed foi smthesis including 
that stored in new tissue 

The question arises as to hou fai these data derned fiom the rat aie appbe 
able to human beings In a latei papei cMdencc -will be piesented demonstrating 
the fundamental similai it^ of the protem fabiicatmg mechanisms m these two 
groups of mammals 

SUMMAIIX \^D CONCI UPIONS 

Experiments aie desciibed ^\hich "weie designed to elucidate the mteire 
lationships between piotem intake and enorgj intake as tlioj affect the iitiliza 
tion of protem for tissue sMithesis in stmdaid piotem depleted lats 

The following conclusions nie draun 

Eestrietion of the caloiic intake below a ccitnm ciitical le^el restricts the 
utilization of ingested protein foi the fabiication of tissue Furthermore an m 
crease m caloiic mtal e abo^e this ciitical leiel does not augment the late of 
utilization of a guen qumtlt^ of protem abo^c the maximum attainable with 
the particulai piotem fed undoi the paitiuilii cncumstaiices of feeding (that 
^ le^el of protein intake needs of animal and so on) This critical le\el ap 
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peais to be appioximately 1,240 Cal pei squaie meter pei daj, and coiistitulcis 
the eiiergv neeessaiy to eo^ei the needs foi maintenance, storage, tissue sjii 
thesis, and waste 

Incieasiiig the caloiic intake above tlie eiitical level needed foi maximal 
lates of pioteiu synthesis lesnlts in iiiei eased lates of body weight gam due 
laigelj to deposition of fat 

With an adequate caloiic intake the late of utilization of piotem is a 
function of the lei el of intake and, in geneial, utilization rises with increasing 
intake 

The fabi nation of a kilogiam ot tissue in a glowing rat and the leeon 
stuietion of a kilogiam of tissue in the adult pi oteiii-depleted lat demand the 
same quantities of stiuctural mateiial and similai constiueting eneigies 
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introduction 


T oday, perhaps as never before, there is urgent need of more kno^\ ledge 
concerning basic principles of nutiition Speedy rehabilitation of underfed 
persons with only limited quantities of available food demands the most judicious 
use of the food supply To accompbsh this we must know what part the major 
components of the diet, pnncipally protein and energj, play in the fabrication 
of body tissue 

In a previous paper^ we examined the effects of varying caloric and protein 
mtakes upon the utilization of dietarj protein for tissue sjmthesis b> protein 
depleted and growing rats It was demonstrated that on an otherwise adequate 
diet a certain minimum level of caloric intake at a gi\en protein intake level was 
needed to insure maximum tissue synthesis Above this minimum level, increases 
in the caloric intake did not further augment protein utilization Furthermore 
with an adequate caloric intake the rate of protein utilization inci eased with m 
creasing protein intake These relationships were found to be similar in the 
growing rat and in the adult depleted rat dunng repletion Such observations 
led us to examine data from the Iiteiature on human beings and to compare 
them with our data on rats After doing so, it was found necessary to extend 
the rat experiments to include protein intake ranges commonly used and feasible 
in human feeding 

The following evidence demonstrates that animal experiments can be used 
as qualitative and quantitative guides in elucidating the problems of human 
nutrition providing the appropriate common denominators are cmploj ed m 
making the extrapolations fiom one species to another Furthermore witli the 
combmed data available on men and animals it is possible to attack intelligentlv 
the problem of constructing more efficient diets for starved and convalescing 
human beings 

METHODS and MATERIALS 

Observations on human beings providing simultaneous data on bodj vreight height 
caloric intake, protein intake, protein source nitrogen retention and the degree of "weight 
loss were sought from the literature Although most such studies deal with diseased indi 
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Mdimls, one studj wns founds which dealt with the rehabilitation of otherwise Iicaltliv 
indiMduals suffering from se\ere inanition Mam otherwise good data had to be discarded 
because one or more important measurements were absent, particular!} those of bodi 
weight and height Moreoiei, mam reports had \er} brief and incomplete accounts of 
diet composition 

Before iie could compare the obser\ itions on rats with those on men it was necescari 
cO ha\e some common units of measurement Obiioush one could not compare directlv 
the daih nitrogen excretion for a man of the order of 10 Gm with that of a rat of the 
order of 0 1 gram Expressed in absolute terms, each of these values has significance onli 
111 relation to the particular animal fiom which it vias obtained Units nhich compare 
quantities on the per animal basis are biologic units in a sense, but are not broad units 
which admit companions between animals of such widel} different size as a rat and a man, 
nor ev en lietweeii large and small animals of the same species 

Assuming that the basic mechanisms of protein svnthesis are the sime for all of 
the mammalian species upon what rational basis can we compare them? It has been 
demonstrated that energy consumption is approximateh proportional to the surface area 
for a wide varietv of mammals a Basal nitrogen excretion in several mammalian specie" 
including man has been demonstrated to be proportional to the basal energ} requirement < 
Therefore it appears reasonable to compare the maintenance nitrogen requirements of dif 
ferent aiumals on the basis of surface aiea Such a procedure is not necessaril} valid ivlien 
we are dealing with the construction ot new tissue or the reconstruction of depleted ti"ue 
I\lut IS the reasonable bisis of comparison for feeding in this situation* The ingestion of 
protein under the conditions of sv nthesis and storage of new protoplasm falls in a class vntli 
nianv other chemic il leactions The chemist Ins long ex-pressed additions to s}nthetic sv'teni' 
in terms of grams, moles, or equivalents of chemical substances per unit of fluid volume 
or mass I lewing i kilogram of active pirotoplnsm as such a chemical s}stem, it appears 
r itional to designate ulditious of protein offered to the system as so manv grams per kilo 
giam per dav and likewise to compute protein retained and incorporated into the svstemm 
similar terms 

Energy intake is mother measuiement which must be reduced to common terms for 
comparative pui poses There is an old precedent for this in that basal metabolism ha' 
been expressed for niaiiv vears m terms of calories per squaie meter of bodv surface per 
unit of time He will not now discuss the significaiiee of this relationship (see Brodv’fj 
but we have assumed its validitv and comiiuted the ciloric intakes as calories per square 
meter of bodv surface per dav (Cal per square meter per da}) For computation of the 
surface area of rats Lee’s formula^ was used, and for the human being, the tables of 
Dubois 0 

In the experimental observations, adult male albino rats (Sprague Daw lev ) weighmK 
initiallv JSS to 310 grams were depleted of 15 to 25 per cent of their bodv weight m •• 
period of five weeks on an essentially protein free diet" At the end of the depletion 
period thev were placed in individual metabolism cages Five diets were constructei 

offering approximately 0, 1 2 3, and 4 Gm of protein per kilogram of bodv weight per 
dav The basic composition of the diets was the same as that of the standard repleti 
diet used in this labor itorv " Isodvmmic replacement of the carbohv drate bv calcu a e 
quantities of protein furnished the required protein lev els The protein was a hal an 
half mixture 1 ictalbumin*’ ind casein 1 Fifteen grams of each ration wore offered <a 
to each animal supplving it with 48 calories or between 1,200 and 1,400 Cal per 
miter per dav Five animals were used and the diets were rotated from dav to da} f ** 
II) The order of rotation for each animal was different Dail} collections of 
feces, and waste food were made and the rats were weighed The waste food was wci,, 

*Dor<len s No 1>12 

tSM XCO vitamin test. General Blochemicals Inc 
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nnd pooled nith the urine and feces for Ivjcldahl nitrogen analyses From these determinn 
tions tlic diet analjscs and the food intake data the nitrogen balances n ere computed Caloric 
intake w is computed from the food intake using the conventional caloric equivalents 

A second experiment performed using six animals and the 0 1 and 4 Gm per 
kilogram per day le\ols of protein intake along mth three other diets of \arjiiig caloric 
value and bulk The procedure used TNas similar to that described except that the feces 
were analjzed separatcl} from ■nastc food and urine Throughout these experiments food 
waste lias minimal averaging *1 per cent and never over 7 per cent of the total offered 

OBSFIlt VTIOSS 

A senes of oliscnations on the cftccts of tniioiis diets in the lepletion of a 
kioup of sGteielv staned but othennsc healthj men ^\as published bj \on 
Iloesslin m 1919® Bv comparison with nomnl height and weight tables® we 
estimated that the suh;iccts had lost between 21 qnd 29 pci cent of then bodv 
weight pnoi to the stait of tlic tests The lepletion diets contained piotein from 
both animal and aCeetahlc soiuces of avhich 23 to 58 pei cent w as aninal protein 

Table I Iul IsFrutsci oi Vvrviko Calokic and ProTeis I\tv.ke Urov the UnuzATinv 
OF PrOTFlN BV MFN SUlfERINC PrOM SeVFFF IVAMTION PvTA REPRESENT AVFPvrrS OF 
Four , Fivt op Sfvtn Dv\ Pfriods on Croups op Fjvf Men 
(Rpcnloulated from von Hoosslm Arch Iljg 88 147 taio ) 
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PFRIOD 
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1 tvioiic 1 
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05 
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14 
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20 
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4 
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0 80 

1 

48 2 
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20 
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1 34 
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2110 

25 

I 10 

4 

52 1 

2oB0 

1 5 

2 04 

5 

51 5 

1150 

1 7 

n 01 

G 

51 5 

2050 

1 7 

0 00 


Both caloiie and piofcin intakes weic vaiicd and tiie nitiogcn letention inidei 
tiu (liffoient conditions was ohscivcd Groups of five men wOie fed cacli diet 
mcl the ponod used to test a single diet vaiied fiom foiu to seven davs A sum 
wun of the iccalculntcd data is presented m Table I and in Fig 1 protein 
utilization IS plotted against piotcm intake flic data in the table demonstrate 
dint at a constant piotein iiital c (17 Gni pci kilogiam pci dav ) increasing 
the caloiio intake liom 1350 to 2 650 Cal per squaie melci per dav had no 
mtlucnco upon piotcm utilization On tbc othei hand Fig 1 demonstrates that 
protein utilization is piopoitional to piotein intake over the range of piotcm 
uitnke studied 
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Obsemtioas Mere collected on i group of patients suffeimg from Masting 
diseases pnneipiUt cancel Then usual hosiiital diet Mas supplemented Mith a 
protein In droh sate (casein) administered iiitiaienously and nitrogen retention 
was studied We liaae recalculated these data of Vltshulci and co workers'’ foi 
nine cancer patients and plotted them in Pig 1 The eliait demonstrates that 
protein utilization increases proportioiialh on the aierage to the piotein intake 
E\anination of the whole of the obsenations on the cancel patients bi the 
method of paitial correlations bungs out the fact that osei the entile lange of 
caloric intake used, from 570 to 1,700 Cal per square meter per das ealoric 
intake had no significant influence upon piotein utilization Mheieas protein 
utilization had a liighlr significant con elation Math piotein intake 

Patients conialeseing from gastrectomies for peptic ulcer Mcie fed through 
orojejiinal tubes In Jlulholland and Co Tin and colleaguts " These patients 
received protein ranging fiom 2 4 to 4 2 Gm per 1 ilogram per dai and calonc 
intakes betMeen 1,100 and 2 700 Cal pei sqiiaie meter pci das The piotein 
source was an enznnatie Indiohsate of casein In Pig 1 the recalculated dita 
on these patients have been plotted and demonstrate tliat protein utilization was 
proportional to the protein intake 

The piotein metabolism of a hcalthi 2 month old infant was studied In 
Hoobler' The intake of coms riilk protein Mas laiied from 2 2 to 10 9 Gm 
per kilogram per daj- and the caloiie intake was maintained bttMcen 1 040 and 
1240 Cal pel square meter per das with the c\cejition of one period when it 
rose to 1,570 Cal pei sqiiaie meter per daa The lecakiilated obsenations 
(Pig 1) demonstiafe that this loiing infant utilized ingested piotein at a rate 
proportional to the piotein intal e Coidon and associates” studied the piotein 
metabolism of piematurc lufants Then data (Pig 1) also demoastrate that 
the piotein was utilized at a rate piopoitional to the leiel of piotcm intake and 
a little less efficienth at tlie higher le\els of intake than it was utilized In the 
full tcim infant 

Wang and coMorkcis" ” made extensne studies of the metabolism of 
normal and undeinouiisbed children Their data show (I ig 1) that the utiliza 
tion of ingested piotein nitrogen I>\ both groups of children was proportional 
to the protein intake The protein was mixed but laigeh of animal oiigin 
The\ found that childien who were 20 per cent or more bcloM the normal weight 
standards utilized the protein a little more cflicienth than less undciwciglit and 
noimal children ” The absolute pioportion of ingested protein retained bs 
Wang’s subjects averaged siibstaiitialh less than that retained In the normal 
infant or the stars ed adults Jletabolism of nephrotic children at piotein intake 
leiels varying between 0 6 and 4 8 Gm per kilogram pei dai was studied ba 
Farr'” His data (Pig 1) indicate that cacn these children utilized increasing 
quantities of protein as the piotein intake was increased up to about 3 Gni per 
bilogiam per daa but beaond this ns the intake was fuithei increased the 
utilization fell sharply 

In Tabic II aie the data denaed fiom the expernnents aaatli rats and in 
Fig 2 the rate of protein utilization is plotted against the rate of protein intake 
It IS obaioiis that oaer the range of intake studied the rate of utilization of a 
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Table II Ppotein Utiliaatioa b\ Peoteia Depleted Bats on Adequate Caiohic 1m\kes 




BOD\ 

c Atone 1 

jrOTFlN 

PltOTElS 
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PEFIOD 

WFICHT 

INTAIvb 

INTAKE 
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NUMBER 
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(CCL /M 2/DA\) 1 
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0 2 i 
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1 1 
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1 

3 
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21 
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4 
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45 

32 


1 
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1230 

3 0 
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02 

-11 

o 

3 
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12 

-0 2 
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26 

06 


5 

296 
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3 6 

11 


1 
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29 

11 


2 
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30 

20 

3 

3 
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02 
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4 
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14 
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5 
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25 
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I 
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20 

08 


o 
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3 0 

18 

■i 

n 

■) 
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2 0 


4 
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0 1 

-OS 


I 
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1370 

1 4 

-0 2 


1 
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1380 

1 1 

-0 4 


2 
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20 

08 

0 

, 

252 
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30 

16 


4 

251 

1370 

4 7 

28 


5 

256 

1350 

03 

-0 6 

Expel iment S 


2 

254 

1260 

47 

30 

6 

0 
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1200 

1 7 

05 


6 

2oi 

1350 

02 

-0 0 


1 

258 

1360 

02 

-1 3 

7 

3 

251 

1270 

42 

27 


6 

252 

1270 

1 9 

05 


1 

259 
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1 0 

04 

s 

2 

259 
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02 

-1 5 
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48 
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10 

07 

0 

3 
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48 

27 



258 

1270 

10 
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in 

4 

255 
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02 
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u 

264 
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4 6 

27 


1 
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4 6 

27 

n 

4 

251 

1300 

1 0 

02 


*) 

286 

1260 

02 
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liigh qualitA inotoin is piopoitioual to the level ot piotein intake, pioMfh»r 
the caloiic intake is adequate Compaiison oi these data vith those ot E\j)eu 
ment 2 in the pieteding publication’ shons that the tvo follon the same gencinl 
pattern Utilization of pioteiii in the piesent e\peiiments appeals to he at a 
somewhat higlui le\el than in the piecedmg one This ma^ be due in part 
the fact that the pciiods of obseivation heie neie shortei, and that theicfoi’? 
the aAuditv of tlie tissues for piotein lemamed closei to nia\imal nheieas inlh 
the foiuteendaA cxpeiiinents the giowth potential vas ah each siguihcanth 
deci eased tonaid the end of the peiiod of ohsenation 
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Fis . Utilization ot Ingested protein bj protein depleted rats on an adequate caloric intake at 
varjlng levels of protein Intake 

DISCUSSION 

The foiegomg obscivations demonstrate that the piotem depleted and the 
growing animal, man oi rat given an adequate calonc intake utilize piotein at 
a rate ttlucli is propoitional to the latc of protein intake For man a similai 
pattern of leaction is apparent not only in con^nlescence fiom stai ration alone 
fmt ^lso in convalescence from certain debilitating diseases The similariU in 
the peifonnance of tlic depleted lats and the staia.ed men is strikinglj e^adent 
^hen one compaies Fig 2 wath Pig 1 

At fii-st glance the sinularitj m icsponse to piotein ingestion of these two 
'*pecips of mamm ils of such diffcient size and cxtemal chaiacteiistics seems 
remaiknble These facts when compared wath some of the many othei obsena 
tions on mammals appear less startling The\ become not unique but part of 
I great bod\ of e\idencc accumulated o\ci mam real's which points to the con 
c iision that tlic basic mechanisms undeiljang the oiganization and functioning 
of the tissues of the difCeient species of animals aie fundamentallj similar Let 
examine a little of the evidence fiom the biochemical standpoint haMiig in 
mind prineipalh, a comparison of the lat and the human being Bod^ tern 
paratuics of rats and men aie almost identical and their basal metabolic rates 
<0 not differ gientlv^ In blonder teims the basal eneigv requirements of 
'Animals larjang m size from the mouse to the elephant ha\e been found to be 
proportional to a function of the bodx mass winch appioxinintes mathematicalh 
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the sulfdce aiea ^ The basal nitiogen excretion is related to the basal metal) 
olism, thus lat, labbit, guinea pig, man, and swine have been shown to excrete 
in iiime an almost identical quantitv of nitiogen pei basal calorie per dai ‘ 
The same ammo acids, with the possible exception of histidine, appear to be 
indispensable foi the growth and maintenance of the rat and of man’® Mow 
01 ei x\ e have evidence which suggests that the essential ammo acids ai-e needed 
m similar lelative pioportions m the two species for maintenance and foi 
giovth’® Viewing the matter bioadhq there is a general quantitative, as veil 
as qualitative, pattern into which rats and men as well as other manmials fit 
Von Nooiden aclmowledged the bioad problem of the relationship of the 
level of protein intake and the ealoiie intake to the rate of repletion of lost 
tissue*® He outlined the txpes of experiments needed to settle the question, 
but presented evidence from only a single type of experiment, namely, that in 
nhieh appioximateh the same quantity of protein pei kilogram of body v eight 
Mas fed per dai to patients convalescing from debilitating infections nhiletlie 
calonc intake nas xaiied He coneliided from these observations that high 
caloric intakes veie more favorable than high protein intakes in inducing more 
lapid rates of rehabilitation 

Recenth Kexs has emphasized the efficacy of high calonc intakes to fiutlici 
lehabilitatiou m starred men He states that, “In lehef feedmg, caloiics aic 
of or eirvhelming impoitance Within reasonable limits everj" increase in ealoncs 
IS associated mth an increased rate of recovery ” He states further that, “Extra 
vitamms and proteins had reir little apparent effect on the rate or course of 
leeoreir ’ The eridenee which rv'c have piesented is not in accord with there 
statements, and demonstrates that rvhile calorie intake is a factor, it is not the 
onlr fact 01 Itloieorei, rrnth an adequate calonc intake, the level of protein 
intake and the qualitr of the piotem become the limiting factors 

Tlie role of calonc intake m pioblems of nutntion has been vastly orer 
diarrm foi as Cathcait^= has stated, “We do not live on ealoiies Caloric 
ralne is simplr a reir convenient plivsical standard for the as''essment of 
but inculr because such a standard has proved of great utilitarian value there 
is no loal pntifKation for placing this standard as the foundation stone of hv 
poth(‘scs ti allied to offei an explanation of cellnlai activitx^ Many vi it era ore 
obsessed vith the idea of the calorie, foigetting that the organism is eeitaiiib 
not a heat engine It is perfectly time that calories are a measure of heat, b'd 
it must not be foi gotten that mc do not consume actual heat units hut onb 
potential heat-gnmg substances ulnch can eventualh' be degraded to the foil" 
of heat and be measured as such The thennal aspect of nutntion is undo' 
stiessed, foi, vliile heat max" be a necessaiw product of tissue activity, it 
after all a bx-piodiiet ’’ 

The aim xxhen feeding sick, convalescent, starred, and gioxxmg indixiduab 
is not the meie maintenance of nitiogen equilibrium but the storage of sign" 
cant quantities of piotein as new tissue The preceding obseivations demon 
strate clearlx that certain desciibablc conditions must be satisfied to attain tus 
goal The conditions aie as follous ( 1 ) calonc intake must be adequate" 
coxei needs foi maintenance, phxsical cxeriion, tissue sxnthesis storage 
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waste, (2) a piotein of liigh biologic \alne must be fed, (3) the piotein must 
be fed in excess of the quantity needed to maintain nitiogenous equilibiium 
and m geneial the highei the level of protein intake the gieatei the late of 
synthesis, (4) other dietaij essentials (vitamins miiieials and so on) must he 
adequate 

With these geneial piopositions befoie us «c are in a position to make moie 
specific estimates of caloric and piotein intakes foi conx alescence But first 
wo must claiify one fuithci point It has been cnstoniarv to compute diets on 
the basis of total caloric content and piotein content The total caloric content 
has practieallj always included the calorie equivalent of the protein In eon 
X alescencc from staiTation of anx origin the maximal utilization of protem for 
tissue reconstiaiction is desiied Therefore it appears iiiational to include 
protem in the computations both as a soiiiee of ammo acids foi tissue fabiication 
and as a source of fuel foi energy consuming leaetions The lational piocedurc 
IS to feed protein as a source of building mateiial and compute the eneigj xaliie 
of the diet independent of its piotein content on the basis of its caibohxdrate 
and fat content 


An adequate ealoiie intake for a convalescent man can be estimated from 
considerations of the known basal requiiemcnts requiiemcnts for phvsical exoi 
tion, piotein synthesis and xxaste For an axeiagc sized man (siuface area 1 7 
squaio meters) afebnle and at bed rest the estimate is 2 600 caloiies per dax 
01 1,500 Cal per square meter per daj * Such an alloxvance represents not the 
absolute minimum but is comparable to the standard i ation used bj us in nianx 
animal expeiiments which allows appioximatclx 1,460 Cal pci squaio meter 
per day of nonprotoin oneigj 


The animal data' indicate that a piotein intake lex el of 10 Gm per kilogram 
pel daj or more xvould provide bettci rates of piotein sjaithesis than 2 or 4 Gm 
per kilogram per daj Unfortunatclj it is not possible to feed adult human 
beings at this level The reason foi this becomes clear if one compares the per 
kilogram eneigj consumption of lats and men The rclatixelj large surface to 
mass ratio of the lat allows a 10 Gm pci lilogiam pci daj piotein intake to 
represent onlj a fraction of the total caloric intake (about one eighth) wheieas 
this level of piotein intake xxould rcpiesent almost the entiic dailj caloiic needs 
of a man But the data indicate that a man can casilj use up to 4 Gm per kilo 
gram per day Protein intal es of the order of onlj 1 Gm per kilogram pci dax 
xvill be ineffective in inducing significant degrees of piotein stoiage While this 
lexcl of protein intake is the commonlj accepted standaid for mmnicnnnco of 
nitrogen equilibrium in a healthx individual it is inadequate for the depleted 


The estimate was arrived nt In the followJnt? rnanner Basal requirements of a normal 
nmn are approtimately 1 000 Cal per equaro meter per daj and a starved man nueds even le. s 
For the acUvitj associated even with bed rest 30 per cent of the basal requirements were ad letl 
From thcrmodjnamic considerations It has been shown” that the peptide bond contains n free 
enerirj equivalent of 7 u calorics per mole \s umlnir only a 10 per cent emclcncj In the 

bioloclc sjnthesls It would take SI calorics to sjnthcalzc 100 Gm of protein To allow for the 
^7ithe<»ls of 00 Gm of protein with some excess .00 calorie were added for this factor hxclu 
five of waste enerci the needs for the descrtbevl situation ore 17X1 W + -00 = 2 410 calories 
Aecordlntr to Itubnei<= about 8 per cent of the enerpj Intake is lo t In the feces therefor ino 
calories were added for thl factor totnlllnK 2 fiOO calorie 
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nuluidunl in whom nitiofien must lie stoud Wh (.inmit o\ciem])hasi/e the lad 
that theio is a tundaiiumt.d difitioncp hetwoni the m.iinteiiamo of the cdUihh 
inim state in the fulU {iiowii and lualtln adult and tin const luttion of new 
tissue in the depleted oi piowintr indi\idual In oidti to obtain finod intcsof 
tissue sjiitlusis undei tluse lattd conditions it is ne((s.san to feed at proteiii 
intake le\els of the oidei ol *J to 4 <lm pel kilocriam pci dai An cxumiii.ition 
ol the data (Fi{f Ij dcimmstiates that the Iiiphti protein intake heels lia\e ti\o 
adeantai'cs iiiNt, a picalci ahvilnti late oi piotein storage and second a 
liiglid gloss eflidem \ ol piotein utdi/alion 

MMMMie \Ml lONda MON> 

Koi the puiposi ol c dilating the icspeclnc lohs oi the icccl ol ealnia 
intake and tlie ie\el ol jiiotiiii intake in the nstoriiion of piolem stoics oi»k 
ploted animals \u !ia\t juesditcd luilhei e\)M i iments on lats and a it eiaUia 
tioii of ohscnatioiis liom the lileiatiiti on mm 1 torn llnst data the folloiTiiin 
comlusums au diawn di In Imtli giou)>s of mamnt'ds with jnotdii intakes 
ranging iiom (I "> to 4 <iia pci kilogi iin oi hodc weiglil pet dn\ the utilration 
ol piotein foi tissue scnthisis is pioiioitional to tlu' piotein inl.ikc i 2 ) Tin 
late ol ]notdn ntih/ation is indiiundtnl ol the lahuie intake at t ilorn intake 
lecels alnne those whnli snpjih the nc<‘ds loi mnmteiiaiui sditlasis stnraue, 
and waste 'I'iu* estimated noninotini eneige needs foi an ilehiile man at hed 
lost in the nhsenci ol othd met ihohe stinnil nits is apprasim iteh 1,'OOcilonts 
pel sepiaie metei etf hoeh siufaec pel du\ (?i Sinet thi iheiapeiitic goal is not 
the meie maintdiniuc ol nit login (ciuilihinim hut tin lain a ition of sigiufionnt 
Huantilics oi hud\ piotein piotein intake h'cels ol 2 to 4 tiin pd kilogiam per 
dac aic demanded foi tin i ipid lehahililntion of a depleted jni'soii At thcM' 
heels theie is Iiotli .i iiiuiiei gioss efiiddiee of piotdii iitilnation and a gieater 
ahsolute rate of luoteni gam 
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The equation for tins relationship ins NB = K (AN) — NE„ The lalue If 
Has the slope of the line and it was found to he a measure of the biologic laliie 
of the protein used in the studj It tended to be a constant foi anj given protein 
eien when the nitiogen intake at equilibrium laiied eonsiderablj Thus the 
calculation of IC appeared to be a much bettci characteiization of the biologic 
value of the protein than the iiitiogen leqiiiiement at nitiogen eqiiilibiium 
The values foi K were usuallj less than 1 the neaiei to 1 thej weie the 
gieater the fraction of absorbed nitrogen that was retained Casein foi example 
was found to have a K value of about 0 80 Allison has called IC the nitrogen 
balance index 

It appeared to us dining the coui:se of a stiidj of the chnical nceeptabihtv 
of a new casein hjdioljsate prepared foi parenteral use, that the methods and 
equation of Allison might be applicable to nitrogen balance studies m human 
subjects The present investigation was thcicfore iindei taken to find out whether 
the nitrogen balance index of this amino acid picparation tended to be constant 
m the nitrogen balance expoiiments with twentj patients with chronic piotein 
dcficienc} and whether such an index was a hcttei ciiteiion of biologic value than 
the nitrogen intake at nitiogen equilibiinm 

METHODS 

Tlie studj ^\a3 carried out m a metabolic unit staffed twentj four hours a day b^ nurses 
specifically chosen for this function The urine specimens were collected for each tyient> 
four hour period in closed bottles containing toluene and were sent each da> to the labora 
tor\ for analjsis The subjects wore under con’itant supervision to a\oid the loss of 
specimens A further check was the doterminntion of the daily creatinine excretion 

Since none of the twenty patients chosen had any difficulty taking oral alimentation 
this avenue was utilized as a means of furnishing an adequate intake of calories from 
cirbohydrate and fat The oral dietary wa*! designed to be virtually free of protein 
so that the only significant source of nitrogen would be the parentorally injected ammo 
ncifis However, the food oralU ingested could not be made rigidly free of nitrogen as 
might bo possible with laboratory animals or volunteer human subjects The dietarv 
con<iisted of a carbohydrate drink* tapioca and cornstarch puddings orange juice tomato 
juiee and a purged leafy vegetable Since the amount of nitrogen in the foods clio cn. was 
low (between 350 and 500 mg) and since it was derived from proteins of poor nb'^orb 
ability and poor biologic value, the error involved in the inclusion of this nitrogen source 
was probably of no consequence It was probably no higher tlian the nitrogen lost in 
perspiration, even though the studies wero carried out in cool weather and was therefore 
not included m the calculation The oral carbohydrate and fat pins the intrav enously in 
jectod dextrose furnished approximately 2 000 calories per day, but alight v ariation above 
Or below this quantity could not bo avoided 

The ammo acid preparation under study was a casein acid livdrolvsate fortified with 
trvptophano and prepared as a Ivoplulized «olid in 8o0 cc fla ks t The nitrogen content 
and the percentage composition of essential ammo acids m the preparation arc shown 
•n Table I A substantial portion of the glutamic and a partic acids present in the 
original hvdrolvsate had been removed bw a special proco s Fach flask contained GO Cm 
of the lyophilizcd solid which could be reconstituted to a perfectly clear solution viith 
'^ofor physiologic saline or dextrose saline solutions The solution could be made up in 5 

The carbohj (Irate used was Cnrto e furnished bj H "W Kinney and *5ons Columbus 

tTho product called Vmino \cJds— I C Ljoplillizcd was furnl hed bj The rioch mlcnl 

ion Interchenilcal Corporation Union N J 



282 


HOPrMAN, KOZOLL, MOK, MfciER, AND PODPDK 


7 5, or 10 per cent concentrations of the ammo ncids Most of the injections ncrc made 
with a 5 per cent solution at a rate between 50 and 60 drops per minute in order to make 
sure that there Mould be no \omitmg But even when the 10 per cent solution a as utilized 
in these and other e'^periments, if this rate ms not exceeded nausea or \omiting seldom 
occurred Repeated injection in the same vein tended to produce thrombophlebitis, as 
has been found r^itli other protein Indrohsate preparations used But this circumstance 
could be mitigated bj frequent change of the \ eins utilized and bj starting with the most 
peripheral reins and proceeding cephalad The needles used uere No 19 gauge and uere 
mtioduced with a minimum of trauma to the reins 


Table I Chemical Analasis of Amino Acid Preparation Used in This Studi 
(Amino Acids, IC, Lyophilized) 


Nitrogen 

Total 

Alpha ammo 

% Alpha ammo nitrogen of total nitrogen 
Essential ammo acids (bj miciobio assar ) 
Arginine 
Histidine 
Isoleucine 
Leueme 
Lj sine 
Methionine 
Phenjlalanine 
Threoume 
I'rj ptophane 
Valine 
Moisture 

Asli 

*One per cent DL-tn ptophane added 


(%) 

13 4 
10 0 
75 0 

18 
27 
74 
10 6 
85 
30 
55 
50 
0 5‘ 
7 1 
120 
09 


All patients rr ere first placed on the protein free diet for a period of three days oi 
more to establish the endogenous nitrogen evcretion ler e) Tlien daily infusions of animo 
acids were giren in addition to the oral alimentation in quantities knorvn not to produce 
positire balance After three or four dajs of this legimen, the quantity of nnuno ' 
Mas further increased and maintained at the new ler el for three or more days 
successive increases a nitrogen balance was achieved that was bareh positive Pur 
increases were then made at a more rapid rate to determine, if possible, the niaxiai 
level of utilization 

Careful attention was paid to the vitamin requii ements of the patients Ascor ^ 
acid was given in doses of 500 mg per dav , thiamin and other members of the vitnnnn 
complex were given as Betalm Complex,* * one ec of which provided 5 mg tluanun 
chloride, 2 mg riboflavin, 75 mg nicotinamide, 2 5 mg calcium pantothenate, aud o ni;, 
pv ridoxme hvdroehlonde 

Quantitative anahses of the nitrogen content of blood, urine, feces, and , 
well as that of the hvdrolvsite were earned out bv the photometric micro KjeldaW 
described bj Hoffman and Osgood " Thev n ere frequently checked bv macro Kjc a ^ 
determinations involving distillation and titrition For stool analysis, the 
were first homogenized in w iter bv the addition of concentrated sulfuric acid, a' 
gested bv Peters and Van Slvke s Plasma v olumes were estimated from a sing s 


minute plasma sample after the injection of 10 mg of Ev ans blue as described h' ^ 
son " A calibration curv e was made in each analv sis with the control serum T® 
variations in the fat content of the control and dv e containing samples, the ' j 

*\t. IpJISt. fvK f^o Ttyax irma vmAnI orntTKl IlCnifl 


made at least tvv eh e hours after the prev lous meal or infusion of amino acids - 
determinations were made on heparinized blood by the method of Wintrohe and 
berg s Urine and stool analv «es w ere made daih , blood analyses including plasma ' 
estimations were made usualh at weekly intervals, at which time the patient was vvcig 


'Furnished bv Eli Lillv S, Company Indianapolis Ind 
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lABLE II Nitrogen Bvlance Studies in T^\e\t\ Protein Deficient Patients 
Detepmin \tion of Minimal Vmino Acid Intvke Producinq Isitrogen Balance 


p\ 

tient 

1 \ge 

1 (YR) 

DI VO 
NOSIS 

EIG IT 
(KO ) 

VMINO 

VOID 

IN 

T\LE 

(OM/ 

DVT) 

N INTAKE j 

N 

encfe 

TION 

(OM/ 

D\\) 

N BAL.VNCE 

1 ^ 
requife 
|mfnt fob 

EQUIUB 

rium 

(INTEF 

1 POLATED) 

( MG / 

1 KG /D \\ ) 

K 

(FROM 
FIG 1) 

(QM/ 

DWl 

(NIO/' 
KO/ ' 
DV\) 

(GM/ 
I>\\ ) 

(MC / 
KG / ' 
D\\) 

J \ 

01 

Cancer of 

45 9 

0 

0 

0 

18 

-1 s 

-40 

50 

0 97 

1 


csophaffus 


26 

34 

7 » 

20 

+1 4 

+30 







t>2 

b 7 

146 

2_2 

+4 5 

+08 







82 

108 

271 

8 0 

+2 8 

+61 



S D 

02 

( nstric 

55 4 

0 

0 

0 

40 

-4 0 

-72 

15S 

0 46 

2 


ulcer 


20 

17 

67 

57 

-2 0 

-36 







>S 

74 

134 

81 

-0 7 

-11 







H7 

11 1 

201 

100 

+1 1 

+20 







no 

14 8 

268 

14 2 

+0 6 

+11 







180 

22 7 

411 

18 7 

+4 0 

+72 



I I 

48 

f nnccr of 

()2 0 

0 

0 

0 

54 

-5 4 

-87 

116 

0 74 

T 




25 

\o 

oi 

70 

-16 

-74 







50 

6 6 

106 

5 1 

+1 5 

+24 







70 

9’ 

150 

07 

+2 6 

+42 







82 5 

10 7 

171 

81 

+2 () 

+42 







1005 

204 

320 

14 3 

+6 1 

+08 



T Z 

O'! 

Cancer of 

41 )i 

0 

0 

0 

78 

-7 8 

-18S 

140 

0 54 

4 


e^oplmgus 


20 

4 1 

90 

65 

-2 4 

-58 







70 5 

88 

212 

00 

-1 1 

-26 







94 0 

11 0 

264 

12 8 

-18 

-4 







150 0 

19 8 

476 

17 1 

+2 5 

+60 







200 0 

26 4 

615 

18 8 

+7 6 

+181 



H A 

. 50 

Malou 

47 8 

0 

0 

0 

53 

-5 3 

-111 

185 

0 61 

5 


trition 


26 5 

14 

71 

66 

-3 2 

-67 





^aplastic 


53 0 

68 

142 

75 

-07 

-15 





nncmn 


70 5 

10 2 

211 

03 

+0 9 

+10 







100 0 

lie 

284 

30 7 

+2 9 

+61 



R S 

10 

Malnu 

52 - 

0 

0 

0 

43 

-A 1 

-82 

HO 

0 49 

0 


Intion 


12 0 

4 1 

78 

58 

-1 7 

-12 







70 5 

88 

167 

00 

-0 2 

-4 







04 0 

no 

200 

9 0 

+1 1 

+21 







150 0 

10 s 

176 

H2 

+0 6 

+125 







200 

2fM 

50J 

1J2 +M2 

+250 



R 0 

O') 

Cancer of 

5S0 

0 

0 

0 

0 0 

-0 0 

-1(8 

— 

— 

7 


essoplmgus 


50 

6 6 

112 

12 4 

-5 8 

-OS 







_5 

1 1 

56 

76 

-4 1 

-73 







50 

66 

112 

80 

-2 3 

-39 







70 

04 

152 

16 2 

-6 8 

-115 







82 

10 7 

182 

11 2 

-2 5 

-42 



M C 

Splenu 

43 0 

0 

0 

0 

68 

-68 

-156 

155 

1 02 

S 


memn 


29 2 

3 7 

84 

59 

-2 1 

-48 







^8 4 

( 3 

168 

68 

+0 5 

+11 







87 6 

n 0 

251 

98 

+12 

+28 







116 8 

14 6 

115 

13 5 

+1 1 

+25 







14" 0 

10 0 

415 

16 8 

+2 2 

+51 



I H 45 

Curho«iis 

j70 

0 

0 

0 

15 

-1 5 

-2( 

42 

0 52 

0 




26 

1 1 

57 

1 1 

+0 2 

+'’ 





a cite': 


j2 

6 7 

115 

32 

+1 5 

+60 







104 

114 

-U 

68 

+6 8 

+117 



A I! 56 

Chronic 

?0 C 

0 

0 

0 

35 

-J 5 

-88 

10 

0 44 

10 



28 o 

16 

00 

4 7 

-1 1 

-28 







57 0 

7 P. 

182 

79 

-07 

-IS 





nontoxie 


85 5 

108 

271 

95 

+1 1 

+11 





colter 


1110 

14 1 

164 

110 

+2 4 

+61 




(Continued o» /oHoirliiflr par/e ) 


284 


HOFFMAN, KOZOLL, MOK, JIFYFR, \KD FOFPER 
T\bi,f II — Cont’d 


PA 

TIF^T 

AGP 

(\R) 

BIAG 

NOSIS 

■\% EIGHT 

(kg) 

AMINO 

ACID 

IN 

TAKE 

(GM/ 

DA\) 

N INTAICE 

N 

E\CRE 

TION 

1 (GM/ 
i DAJ> 

N BALANCE 

N 

REQUirE 
MEAT FOr 
EQEILIB 
RlUJf 
(INTER 
POEATEB) 
(JIG/ 
KG /I)A\ ) 

E 

(iro\! 

I m 1 ) 

(GM/ 

DA.Y) 

(JIG/ 

KG/ 

DVJ.) 

(QM/ 

DA\) 

(JIG / 
KG / 
DAJ ) 

AI jr 06 

Leg 

59 9 

0 

0 

0 

64 

-6 4 

-107 

140 

0 79 

11 


ulcers 


30 

3S 

64 

70 

-3 2 

-53 







44 

5 5 

92 

66 

-1 1 

-IS 







60 

7 7 

128 

9 7 

-2 0 

-.13 







70 

88 

148 

80 

-0 1 

-2 







90 

11 5 

192 

89 

+2 0 

+43 







174 

22 1 

369 

17 8 

+4 3 

+72 



L AI GO 

Huge 

41 5 

0 

0 

0 

52 

-5 2 

-125 

140 

OSI 

12 


thigh 


27 5 

35 

84 

50 

-2 1 

-51 





ulcer 


44 0 

55 

133 

49 

+0 6 

+18 







55 0 

7 1 

171 

63 

+0 8 

+19 







71 5 

90 

217 

90 

0 

0 







95 0 

12 1 

292 

11 2 

+0 9 

+22 



P M Cl 

Wound 

53 2 

0 

0 

0 

54 

-5 4 

-101 

140 

07> 

13 


sep'ira 


28 

36 

68 

52 

-1 6 

-30 





tion, 


45 

57 

107 

66 

-0 9 

-17 





bon el 


56 

72 

136 

61 

+1 1 

+21 





obstruc 


84 

10 8 

204 

S3 

+2 5 

447 





tion 


112 

14 3 

269 

12 3 

+2 1 

+39 



A T 52 

Infected 

39 S 

0 

0 

0 

30 

-3 0 

-75 

125 

0 5S 

14 


mastoc 


27 5 

35 

88 

3 2 

+0 3 

+s 





tonij 


40 0 

50 

126 

53 

-0 3 

-8 





wound 


50 0 

6 i 

158 

54 

+0 9 

+23 







75 0 

95 

239 

70 

+2 5 

+63 







108 0 

13 4 

340 

10 4 

+3 0 





J AV- 
IS 

68 

Cancer of 
rectum 

43 2 

0 

30 

40 

50 

59 

118 

0 

4 0 
53 
66 
79 
15 8 

0 

92 

123 

153 

183 

366 

24 

43 

57 

60 

76 

118 

-2 4 
-0 3 
-0 4 
+0 0 
+0 3 
+4 0 

-56 

—7 

-9 

+14 

+7 

+93 

115 

T T 

72 

Leg 

55 2 

0 

0 

0 

4 7 

-4 7 

-85 

100 

16 


ulcer 


30 

40 

73 

44 

-0 4 

-7 






47 

65 

117 

55 

+1 0 

+18 






59 

81 

146 

56 

+2 5 

+45 






118 

16 2 

292 

11 9 

+4 3 

+78 






180 

23 9 

433 

13 8 

+10 1 

+183 


AI T 

65 

Femoral 

50 0 

0 

0 

0 

15 

-1 5 

-30 

48 

17 


hernia 


20 

2 7 

54 

25 

+0 2 

-4 






j6 

70 

152 

48 

+2 8 

+50 






62 

85 

170 

48 

+3 7 

+74 






110 

14 6 

290 

12 2 

+2 4 

+48 


A" E 

48 

Essential 

39 4 

0 

0 

0 

26 

-2 6 

-66 

90 

18 


hj-per 


30 

40 

102 

34 

+0 6 

+15 




tension 


43 

59 

150 

42 

+1 7 

+43 






62 

85 

216 

6 1 

+2 4 

+01 






no 

14 6 

371 

12 1 

+2 5 

+63 


T O 

47 

Gastro 

47 3 

0 

0 

0 

29 

-2 9 

-61 

98 

19 


leiuno 


34 

45 

95 

2 7 

+1 8 

+38 




colic 



7 5 

159 

66 

+0 9 

+19 




fistula 


114 

15 0 

318 

8 1 

+6 9 

+146 






171 

22 5 

477 

15 1 

+7 4 

+156 


E E 

58 

Bronchi 

54 5 

0 

0 

0 

24 

-2 4 

-44 

02 

20 


cctasis 


28 

37 

68 

38 

-0 1 

—2 






55 

73 

134 

42 

+3 1 

+31 




0 40 


nos 




A^ erage and standard deviations 


129 + 00 

( 519?-), 


''OOSi^' 

(249f) 

















MTROGCN BVLVNCE INDEX OF L-iOPIULIZED UII\0 VOID IRI I UUTION 2S5 


RESULTS 

Minimal Rcquvemcnts fo) Positive Nitioycn Balance — Positive nitiogen 
bahncc ^^as 'ichieved in nineteen of tlie twenty subjects studied The data aie 
slioivn in Tabic II Patient 7, who had a carcinoma of the esophagus had not 
come into positive nitiogen balance on an intake of 1S2 mg nitrogen per 
kilogium per da> This patient might possiblv have achieved positive balance 
at a higlier level of intake, but he could not be kept on the studv an> longei 
The remaining nineteen patients showed a wide variation m the intake needed 
for positive balance, langing fiom 57 to 476 mg nitiogen per laloginm daily 
But these values had little meaning since the levels of positive balance achieved 
\nth these quantities vaiacd considerably IVIiich moie significant were the 
nitrogen intakes requiicd for each nitrogen cquilibiium These quantities could 



286 


HOirJlAK, KOZOLL, MOK, JILYEK, A.NU POPPLK 


be estimated onh bA mteipolatioii fiom the cuives obtained by plotting mtiogeii 
balance against nitiogen intake (Fig 1) Ot the nineteen cul^eb, thiitecii Men 
leasonabh good stiaight lines in the legion of negatne andloY positne balance, 
tlie lemaining six leqnued some aibitiaiiness foi the establishment of stiaiglil 
lines The lange of nitiogen intake levels leqiined foi lutiogen equilibimni iii 
all nineteen cases was 42 to 340 mg pei kilogiaiii pci dai The aiitbmetic 
mean was 129 iiig and the standaid deiiation, 66 mg, winch nas 51 pei eentol 
the mean If only the tliiiteen good cases weie chosen, the laiige was 42 to 117 
mg pel kiiogiaiii poi day, ivitii a mean of 122 mg and a standaid denation of 
48 mg , 01 39 pei cent of the mean Thus it w as evident that though the langc 
of nitiogen intakes lequiied foi nitiogen eqnilibiiiim was naiiowed if the piopei 
expel iinents neie chosen, that lange i\as still bioad 

NiUogen Balance Index — As has been stated, thii-teeii ot the miiefecn 
nitiogen balance ciiiies neic stiaight lines in the legion ot negative and Ion 
positive nitiogen balance Eieii the lemaniiiig six ciiiies did not slion gicat 
deiiations tiom a stiaight hne, but then exact slopes weie difficult to deteimine 



Flp 2 — Kelatiou of nitiopen intake at nitiogen equiUbnum to nitiogen 
protem-free diet (K is thp ratio of nitrogen excretion on a protein free diet to me 
intake at nitrogen equilibrium ) 


These stiaighl-lme ciiiies oheied the equation shown eaihei (Nitiogen mbi 
m these expeiimcuts vas equal to absoibed nitiogen it the small amount ot w 
gested nitiogen v Inch vas absoibed liom the intestine was ignoied ) Thus 
expel iments coufiim m human subjects uitli piotein deficiency piodiiccd 
disease the findings of Allison and Andeison® foi dogs vnth induced pioE’" 
dcfieiencv 

The Iv tallies foi the equations of the cunes sboivn in Fig 1, vliiclivcic 
slopes of these cuiies and uhicli iieie most easih calculated fiom the lah® 
nitiogen excretion on a piotein-free diet to the nitiogen intake at m 
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equilibmun, langed from 0-15 to 102 The mean was 0 68 and the standaid 
deviation was 0 16, oi 24 pel cent of the mean In the tliiiteen cases witli good 
stnight line eiiiwes K langed fiom 0 45 to 0 88 and the mean was 0 66 with a 
stimdaid deimtion of 0 13 or 20 per cent of the mean In coiisideiation of the 
difficulties of nitiogen balance studies m sueh patients as well as tbe man% 
potential sources of erioi in the nitiogen anahses the K values anivcd at in 
these cxpeimients showed lemaikabh small deviation fiom the aveiage These 
findings also offered coiroboration of Allison’s conclusion that the K values 
tended to be constant foi anv paitieiilar protein This appioximate constanev is 
gripbieallv illustiated in Fig 2 wheic nitiogen excietioii on the piotenifiec 
diet lias been plotted against the nitiogen intake at equilibrium The scattei 
points ate closelv bunched along a stiaight line which has the slope of mean K 
value 0 66 The dotted lines denial cate the standard deviation of the K values 
Both the group of tliiitceii good experiments and the six iiioie doubtful ones fill 
iquillv well into the wedge within the boundaries of tins standaid deviatum 

Fig 2 also bungs out the impoitant corollan to Allison s equation that 
tlioie was no tendencj to constanev of nitrogen intake at equilibrium but thit 
that value depended upon the endogenous nitiogen metabolism as lepiesented 
bv the nitrogen exeietioii on a piotein fiee diet Tbe liighei the lattei tbe 
highei was the nitiogen intake loquiied to pioduee equilibiiuni In tins gioup 
of patients font showed lemaikablv low nitiogen e cietions in the control 
piotem flee poiiods (Patients 1 9 17 and 20) At fiist these low excietions 
vveio blamed on losses of specimens but caicfiil examination failed to icveal 
any such technical cuclessness Besides the urine Tolunies in these cases wcie 
laige the specific ^i ivities low and the cicatinine excietions geneiallv constant 
rnilhcimote, these fom subjects showed K values veiv close to tbe avei i^e and 
the nitiogen balance cuives weie good appioximations of stiaiglit lines The 
low excietions vveie tlicrefoio piobublv genuine The nitiogen intakes at 
cqiiilibiiuiii foi these four patients weic at uiiusuallv low levels of 42 to 62 mg 
pel kilo„i in ]ici dav On the otlici hand those pitients with bighci endogenous 
nitiogen excietions ill showed higher intakes at equilibrium None of this gioiqi 
had the imusiiallv high excietions found bj Co Tin and co workers’ m patients 
'nth biiins oi other conditions pioduciiig the so c lUed catabolic assault 11 tlieic 
weie such patients thej likelv would have sliowai much higliei nitiogen intakes 
at equilibrium tli iii seen in Fi^ 1 if the K v dues weie of the s<inie oidci is the 
valiKs found lieie 

The iiniisiiallj liioli K value of 102 might lepicseiit a tcclinii il ciioi 
cspcciallv in the deteniiination of the endogenous excretion An oicasionul sub 
ject when placed on the piotein fiee high caibohvdiate high fluid diet excreted 
lelntivelv laige quantities of nitiogen foi several dajs before reaching a stable 
excretion Thus with onlj a three or foiii dnj control period the patient might 
''till not show the tiiic endogenous excietion If such a pomt was used as the 
pivotal point foi diawing the sli-aight line curve the slope would tend to be 
too steep nial ing K too high If however, this value was not due to error it 
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meant that m that paiticulai patient the addition of piotein to the diet spaud 
endogenous metabolism This phenomenon lias been suggested by Alhsoii m 
some of his balance studies nith dogs 

Slaximal Toleiancc of the Hydiohjsate — Of the nineteen subjects eaiiiedtn 
the point of good positne balance, all but two finally lecened moie than 100 
Gm of the piotein hjdiohsate dailv foi at least tluee days As much as 147 
Gm yeie giyen daih to eight patients and 200 Gm to two patients foi tluee 
dats No effort uas made in these e\peiinients to extend the injections heiond 
this period, and it is likeh' that some extension could have been made befoic the 
deselopment of findings of intoleiaiice such as nausea, vomiting, anoiexia, oi 
piogiessive thionibophlebitis It mai be significant that the gieatest veistht 
gains oeeuiied in the patients uho leceived as high as 200 Gm of ammo acids 
daih When the 10 pei cent solution ivas used, the injection of 60 Gm iisualh 
lequiied two to thiee houis foi admmistiatioii Thus 180 Gm could be injected 
if need lie, in si\ to nine houi's and theie would still be time foi additional salmc 
01 glucose injection without inf i ingenient on the peiiod of sleep 

The nitiogen balance eiiives in the legion of high intake w’cie not so steep 
as those m the region of negatiie oi low' positive balance In fact, in seveial 
eases the euiies became hoiizontal, indicating a ceiling of nitiogen retention In 
one subject howevei, a positive nitiogen balance of 13 Gm w'as achieved and 
in anothei, 10 giams In tlie lemaiiiing patients the positive nitiogen balance 
inci eased only slowh with highei intakes, which jiosed the pioblem of whethci 
the ineieased quantities injected pioduced enough additional letention of 
nitiogen to w'aiiant the eftoit 

It has been maintained'® that paienteially injected amino acids so lediicc 


the appetite as to cause a diminution of the oial intake of food This plieiiomeiion 
oeeuiied in onh si\ of the twenfs patients studied heie, as demonstiated bi a 
slight diop in the caloiic consumption as the quantity of ammo acids injected wa? 
luci eased Thiee of these patients weie quite ill In six othei patients the total 
caloiie intake actualh iiicieased slightly, that is, the patients lequested andic 
cen ed a gieatei quantity of the lugh-caibohA diate dnnk In the lemaining eigld 
patients the ealoiic intake lemained constant throughout the study In all eases 


the caibohydiate intake was iicaih constant enough so as not to have anj m 
flueiice on the nitrogen lequiicment Theie was therefoie no confiimation of the 
idea that the injection of ammo acids had a deleteiious effect upon the ovci ail 


appetite of the patient, even though immediatelv aftei an injection theie was a 


tcmpoiaiw' sense of fullness 

Effect Upon CtictdaUnq Piotems — The peiiod of positne nitiogen balance 
was not extensne enough m these expeiiments to pioduce the expectation o 
a gieat gain in cii dilating piotems The data shown in Table III indicate that 
though neaili all patients had marked hvpoproteincmia theie was little eliange 
foi the bettei in the quantiti of cnculatmg piotems dining the study Infac 
111 nine subjects theie was a significant fall m the quantity of cncnlatm? 
pmteins In the fiic instances of use of cnculatmg piotems this rise was asso 
eiatcd wnth an mciease m plasma solume lathei than an meieasc m scinm 


piotein concentiation 
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Table III also shows that the patients showed no significant weight change 
dining the period of study Twelve patients show'ed gams in weight up to 1 
kilogiams, but the lemaining eight showed losses of equivalent quantities Bolli 
the gains and losses weie piobabh chiefly due to changes m body watei eon 
tent, foi in all eases the ealoiic intake w'as little moie than a maintenance one 


DISCUSSION 


The data piesented heie offei unequivocal evidence that the Ivophilizcd 
casein hjdiohsate used in these studies on patients wnth ehionie piotem (Ic 
ficienci IS a nutiitionalh and clinically adequate pi oduct The mateiial can be 
leconstituted easilj wuth watei, glucose solution, oi physiologic saline to foima 
deal solution that is mtiavenouslj'' injectable w ithout reaction Positive iiitiogen 
lialance has been obtamed in nineteen of the tw^enty patients studied The 
quantities requiied foi nitiogen equilibnum, though laiying fioin an iinusnalh 
low' value of 42 mg pei lulogiam pei day to the veil high value of 349 mg, 
aieiaged 129 milligiams This means that the aveiage pei son is hkeh to obtain 
Ins daih nitiogen lequiiements with an iniection of about 60 Gm , oi one bottle 
ol these ammo acids 


But the adequacy of this piotem inepaiation was deteimmable in tlnsstiidi 
bi the iiicthod of minimal lequiiements loi positive nitiogen balance onh bi 
Mitue of the large numbei of balance expeiinients peifoimed A landom selcc 
tion ot foui 01 file patients might have given lalues foi minimal lequnemcnb 
foi equilibnum of the oidei of 50 mg pei kilogram pel dai, oi thej might baif 
aieiaged 200 milligiams In the foimer case the paienteialh injected amino 
acid mi\tuie could haie been legaided as supeiioi to the best natuial pioteia 
mivtuie giien oialh If the lattei \alues had been obtamed the pi oduct would 
haie been legaided as unsatisfactoi a The lange was found to be wide ni spite 
of the choice of what was legaided as a homogenous gioup of patients with 
chionie piotem deficienei and m spite of iigidh contiolled legimens witli -'de 
quale caloiic intakes and wuth the same foods foi all patients 

As m Allison’s expeiiments with dogs, the nitiogen intake at eqmlilnnim Iw" 
been found to be dependent upon the nitiogen excietion on a piotem-fiee diet 
If the lattei is small, eqiiilihiiuni is established at a low' intake In geneial tbu 
means that patients with long-standing piotem deficiency lequnc much k"* 
nitiogen foi equilibnum than patients who base had lecent acute losses, as ba 
been found hv Biow'iie and cowoikeis” Yet it was impossible to coucktf 
endogenous nitrogen exeietion m tliese chiomealh ill patients with the seni”' 
piotem concentration oi total cncnlatmg piotem Appaicnth the e\act m 
of the ciicuhitmg piotems is detenmned be mam factom lathei than 
In the degiee of piotem deficiencA Appaienth, also, theie is no ease chwifs 
01 laboiaton method of anticipating the lequiiements foi equihlmum o i 
than nitiogen balance studies 

The finding of leetilmear cuiacs in the legion of negatiAe and low 
balance m thirteen of the nineteen subjects offei-s pioof of the apphcnhilit' 
the concepts of biologic value of proteins as expounded bA Mitchell,’ - 
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Tenome,^^ and othei’s to the stnd^ ot a paientenlh injected protein produci 
in pi otein deficient human subjects The rclatne constancy of the K Mine oi 
these cui;es — the nitiogen balance index of Allison — m the face of variations ni 
nitrogen intake requirements for equihbimm males the determination of that 
value the bettei gauge of the adequacy of the piotcin derivative under studv 
The average value of 0 C8 foi the nineteen cases oi 0 66 foi the more leliable 
thuteen eases indicates a good protein Allison found values of about 0 80 foi 
ornllv admimsteied casein and of 0 39 for a sovbcan protein "We have data^^ 
nhich indicate that the pi otein hjdiolvsnte used bv ns has a much higher 
biologic value when admimsteied oiallv Such a finding is to be expected in 
view of the fact that the highci plasma amino acid conccntiations achieved with 
intravenous administiation pi*oinote a great ci dcstiuction of amino acids and 
an increased unnaiv loss Tlius with oial administiation of this pioduet the 
K V alue might appioach the v aluc of 0 80 

Vet the use of the mtiogen balance index to chaiacteiize a piotein as satis 
factoi^j as it IS thcoieticallv is not without its weaknesses in the studv of piotein 
deficient patients In the fiist place it requnes a long •experiment of tweutv oi 
nioie dajs In such piotiacted studies wnth an unattractive diet and with dnilv 
intmenous infusions it is difficult to maintain a constant level of coopeiation 
of the patient and of his emotional icaction toward the dietarj management 
Besides, his clinical condition and thciefoie his protein lequirements aie likeh 
to change during the course of the study Second the accuincj of the curve 
depends piimanh upon the establishment of the endogenous nitiogen excretion 
ThLs is not easy to determine accuratelv "When piotein is removed from n 
caloncallv adequate diet the nitiogen excretion rapidly diminishes and is usualh 
much lowei on the third or fouith dav than on the first oi second It has been 
necessarv at times to discaid the values of the fiist and second davs Smith'® 
found that the endogenous nitiogen cxciction had not become stabilized even 
after tvvcntv foiu davs of a nitiogen pool diet Third the slope of the ciiivc 
depends upon the accuiacv of a number of points The vaiiablc enors of the 
ehnnging condition of the expoiiment tempciatiue vaiiations excretion losses 
and analvdic defects mnv combine to pioducc a succession of points foi which no 
accurate lectilinear cmvc can be diawn The nuinbci of expenments must he 
large to avoid the consequences of these inaccuracies 

Though these expenments were not designed foi the studv of the theiapeutio 
value of parenteially admimsteied nmino acids thev offci some coiioboiation 
of oui pievious findings' * that impiovemont of patients with longstanding 
protein dcficiencv requires an intense and piotiactcd progiim which is difficult 
to achieve with pai’entcial administration alone Unless the biologic value of 
hvdiolvsates is markedlv increased bv the addition of nidividual essential amino 
acids the quantity of such ammo acids that must be administered and the lengtli 
of the progiam aie too gieat to he chmeallv piacticable 

The leveling of the curves of mtiogen balance on the high intakes indicates 
the approach of a ceiling of mtiogen ictcntion If the retention of each addi 
tional increment is no more than 10 or 20 per cent it becomes doubtful whethei 
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the additional iniectioiis aie vvoith the eftoit and the cost Uiidoubtedh , \m\ 
ever, theie aie manj patients with seveie piotein defieienev' vvlio must he pic 
paied foi opeiation in as lapid a tune as possible at vvhatevei cost In these 
instances the intiavenous adinimstiation of laige quantities of ammo acids 
supplemented with whole blood and with as high an oial intake of food as possible 
might piodnce the desiied lesults 

SUMJIARI 


Nitiogen balance studies weic earned out in tw'enty patients witli elnonic 
piotein deficiencv The expciiments were peifonned with piogressive incieascs 
111 the nitiogen intake, the onh significant soiiiee of nitiogen being a neii 
paienteicillv injected Iv ophilized casein hjdiolysate 

The Iv ophilized pioduet could be injected without leaction in concentia 
lions up to 10 pel cent at leasonable speeds foi periods up to twentj davs 
Positive nitiogen balance was achieved in nineteen of the twenty subjeeis 
The nitiogen intake lequiied foi nitiogen equilibiium vmiied fiom42to340 
mg pel kilogiani pei dav' The aveiagc was 120 rag, with a standaid deviation 
of 51 per cent The values weic diiecth piopoitional to the magnitude of the 
endogenous nitiogenous excietion 


In thiiteen of the nineteen eases the cuives of nitiogen balance v'we 
lectilmeai m the legioii of negativ’o and low positive nitiogen balance, in the 
lemainiiig si\, straight-line cuivcs could be diavvn but vveie not so well defined 
In the legion of high positive balance the euives tended to level off, indicating 
a ceiling of utilization Those findings aie in coiioboiation of those of Alhson 
toi piotein-staived dogs 

Allison’s nitiogen balance index (K), wliicli is the slope of the lectilincar 
cnive of nitiogen balance, tended to be constant in all nineteen cases, avciagin? 
0 68, with a standaid deviation of 24 pei cent In the thiiteen more precise 
eases, K aveiaged 0 66, with a standaid deviation of 20 pei cent The iiitiogea 
balance index was theiefoie ionnd to be a moio leliable indication of the quahO 
of the piotem under studv than tlie nitrogen intake leqnuement foi eqinlibriiini 
The lattci can be used only^ when a laige niimbei of balance studies are eainct 
out with a homogeneous gioup of subjects as in this study By eithei criterion 
the lesnlts indicate that the Iv ophilized casein hvdiolysate is the equivalent of a 


good pi of cm 

The detcinnnation of the nitiogen balance index has the following 
advantages (1) the icquiiement of a long, tedious, difficult balance studv , (A 
the inheient eiioi of the estimation of endogenous nitiogen cxcietion, and ( 


the difficultv in diaw mg an accurate stiaiglit-lme curve 

Seium piotein concentiations oi total ciieulating piotein levels weic nof 
appieciablj inci cased dm mg the balance studies A much moic intense and pi'® 


tiacted legimen is leqiiiied to alleviate scveie cluonic piotein deficiencv 


We wish to express our gratitude to Mrs Irene Antonow Maxwell who vi 
prepared all menus, nnd to Miss Lorraine &elnuclzlo and Mrs Jacqueline Schaefer i 
chemical analvscs 
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the additional injections aie noith the eftoit and the cost Undoiibtcdh , )ioh 
eiei, theie aie mam- patients with seveie piotem dehciencj nho must be pit 
paied foi opeiation in as lapid a time as possible at nhatevei cost In tliese 
instances the mtiavenons administiation of laige quantities of ammo acids 
supplemented with whole blood and with as high an oial intake of food as possilile 
might pioduee the desiied lesults 

SUMMARY 

Nitiogen balance studies neie earned out in twenlj’- patients with chionic 
piotein deficienm The e\peiinients weie perfoimed with piogiessne lncreas^ 
in the nitiogen intake the oiilv significant source of nitiogen being a nen 
paienteialh injected bophilized casein hydiohssate 

The bophilized pioduet could be injected without leaetioii m coiieeiitia 
tions up to 10 per cent at i easonablc speeds f oi periods up to twenty dan 

Positne nitiogen balance ivas achieved in nineteeii of the twenti subjects 

The nitiogen intake leqmied foi nitiogen eqmlibiinm vaiied fiom 42 to 340 
mg pel kilogiam pei dai The average was 120 mg, with a standaid deiiation 
of 51 pei cent The i allies ueie dnectlv piopoitional to the magnitude of tbo 
endogenous nitiogenous excietion 

In thnteeii ot the nineteen cases the cuives of nitiogen halance 
rectilineal m the legiou of negatne and low positive nitiogen balance, ni d'c 
lemaimng si\ stiaiglit-line euiies could be diawn but weie not so veil defined 
In the legion of high positne balance the cuiies tended to level off, nidieatni? 
a ceiling of utilization Those findings aie m coriohoiation of those of Allison 
101 piotem-staiied dogs 

-Vllison s nitiogen balance mde\ (Iv), which is the slope of the rectilinear 
cm \ t of nitrogen balance, tended to he constant m all nineteen cases, aTeraginn 
0 68 vith a standaid deiiation of 24 pei cent In the tlmteen moie precise 
cases K aieiaged 0 66, with a standaid deviation of 20 per cent The nitiogen 
balance index -was thoiefoie found to be a moie leliable indication of the qua' ' 
of the piotein undei stiidi than the nitiogen intake lequnenientfor equilibrium 
The lattci can be used onlj when a large nnmbei of balance studies aie cam 
out u ith a homogeneous gi oiip of subjects, as in this studv By either criterion 
the lesnlts indicate that the bophilized casein hidrolysate is the equivalent o n 
good protein 

The dctcinimation of the nitiogen balance index has the following 
adiantagcs 1 1) the leqmiement of a long, tedious, difficult halance stud' , - 
the inheiont eiioi of the cstnnatioii of endogenous nitrogen excietion, an 
the diffieultx m drawing an accuiate stiaight-lnie ciuw'e 

Serum piotem concenti ations oi total eii dilating piotem leiels wcic 
appieciabb nieioased duimg the balance studies A much moie intense an P 
tiacted legmien is lequned to alienate seieie cbionic protein deficienci 

We wish to express our gntitudc to Mrs Irene Antonon MiTnell viio **5 the 
prepored all menus, and to Mms Lorraine Sclnnelzle and Mrs Tacquelmc Scliic 
chemical analtses 
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Table I Dul\ and Totm Doses of CATociiitoiir c 


SUBJECT 

1 UAIL\ DOSE (Mfl ) 

1 TOTAL DOSL (MG ) 

Jsormnl 

oO oOO 

978 

1 (Ah) 

50 

800 

2 (Pmn) 

512 

512 

T (Pma) 

100 

1200 

4 (Mg) 

50 100 

1400 

5 (Als) 

50 500 

2750 

G (Pma) 

50 oOO 

iosn 

7 (Pma) 

100 200 

2825 

s (yid) 

190 

4320 


\ls Amjotrophlc lateral acleio In pmit prosre Ke innrriilnr atlnplij mp mjn thenla 
rnivlH iiHl mu'ieiilnr (l>atroplit 


iliiiost continuous locoidmgs of tlicse functions foi tliiec Iioiiis folloMiiif, injet 
tion The citocliiome c solution also loiild lie iidiiiinisti led intninusculnih 
intliout causing undue pain oi an\ reaction 

Total doses of 512 to 4,320 mg ejtocliiome c iniected intiaicnouslj in daih 
doses iihieh \aiicd fiom 50 to 500 ng «cie adinmisteied to eight pa*^ients 
siiffenng from saiious neuromuseulai diseases and to one noiinal control These 


Tible II Detectible Cmociiiiomi c 



SEPUM 

UKINL 

D0S> 

(MtN \^TFJ^ IVJECTION) 

(Ml \^TFP INJECTION) 

(Mil 1 y ) 

0 1 0 I CO 

1 1 1 C 1 .4 


50 n n (1 0 0 II n 

.00 n 0 o+e + 0 0 

poo + + + I) + + *■ + + + 0 


injections appealed to be cntiiclj innocuous but pioduced no detectable changes 
in sjTuptoms or signs None of our patients haie yet shoiiai any improiement 
attributable to ejtochiomo c 

From three of the patients and from the noimal subject samples of blood 
"ere taken befoio, shortlj after and twentj four hours aftei cjtoehrorae c 
injections The substance aias not detected spcctroscopicalh in the serum of 
these subjects except avhere blood samples i\ere collected uithin tliirtj. minutes 
after injecting single doses of 500 milligrams Cytochrome c added to serum 
er Slater in vitro and reduced iiith lij drosulfitc could not be detected iiith the 
hand spectroscope at conccntiations of less than about 6 5 mg pei cent This 
concentration would conespond approximately to a dose of 325 mg in a total 
blood loliime of 5 liters One could not thercfoic expect to detect the evto 
chrome aftci smaller injections uithout more sensitiio instruments A pinlnsli 
loloi of the seiiini iias obseraed in scieial samples but this iias found to be 
<Iuc to hemohsis of red blood cells Tlie bands of oxyhemoglobin uere leadih 
seen spectioscopically but no bands of icduccd cytochrome c could be seen on 
reduction iiith by drosulfitc A solution of cytochrome c siifflciently strong to 
gi'e an obyioiis pinkish coloi to serum or mine yyas found to contain about 20 
lag per cent a concentration yyliich is readily detectable yiitli tbe hand spec 

troscope 

Samples of urine examined yyithm thirty to ninety minutes aftei injection 
nf doses less than 200 mg evtochrome c did not rey cal the presence of this sub 
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stance AYlien the doses injected iieie fioni 200 to 500 mg , the samples of uuiie, 
passed during the first feu houre aftei injection, ranged from faint lose to deep 
coppei in coloi, and the chaiacteiistic band of leduced cjtoehrome c, langing 
fiom a faint thin line to a bioad black band, was 4 isible spectioscopicallj without 
the addition of i educing agent ^ 


COXCLUSIOKS 

The pinkish coloi of seium obseiwed by Piogei and Dekaneas’ ^ aftei lajce 
tions of 04^00111 ome c ma^ ha4e been due to tlie piesence of hemoglobin as a le- 
suit of slight hemolysis Cjtoehiome c could be detected in seium bj means of a 
hand spectioscope onh immediateh aftei laige injections Consideiabh gi eater 
concentiations of the pigment aie leciuiied to produce an obiious pink coloi 

Injected ejtochiome is lapidh lemoved fiom the plasma and consideiablc 
amounts aie excreted in the uiine 

Intiaienous injections of laige amounts of citoehiome c pioduee no obnom 
effects While hannless, such injections weie of no benefit in the few cases of 
neuiomusculai disease studied 
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*T!ie citoclirome liijectc ! viat, fn the oxidized foini but the ascorbic acid h°pn > 
in the urine would reduce the pigment Oxidized cjtochronie c when added dirt^ > (^inpr 
it. Immediatcli reduced If the «imples of urine were allowed to remain in bpen 
oxidation occurred The urine turned pale-iellow ami the ejtochiome c band coum jn 

be detected Howejer the to^e oi copper color and the band Injariabh reappear ^ 
‘Samples which had stood at room temperature for more tluiii three weeks on u'e 
crjstnis of sodium hjdrosiilfite in the urine 



CARONAMIDE PLASMA CONCENTRATIONS, URINARA^ 
RECO\M!RIES, AND DOSAGE 

ILL! ui P Booer, M D ,* PhiljVdelphia, P V , VND A Kathrine Miller, Pii D , 
Eliz-ibeth K Tillson, and Gr ice A Sh vner, Glenolden, P \ 

S INCE Caionamidet inlubits tlie enzime tiansport sjstem of the leml tubiil ii 
ciJithelmni b} nhich penicillin is e\erctcd,‘ the desnabilitj of contiollin„ 
dosage b} aecunte measurement of caionamide in the bodj fluids is obiious 
When the mitial studies intb caronamide «cie earned out, “ methods foi 
determining caronamide plasma concentrations tieie not aiailable Dosage 
schedules iveie established bj compaiing penicillin dose lesponse cun es modified 
by caronamide iiith ciines obtained on the same patients ivhen penicillin ivas 
administered alone On this basis it ivas found that from 9 to 12 Gm of 
eironamide pei daj (1 5 to 2 0 Gm eierj foui hours) iieie sufficient to obtain 
a posituc effect in some patients uhde others required 24 and e\en 32 Gm per 
daj (3 0 to 4 0 Gm eieiy three lioure) The obseivation that diffeicnt in 
dniduals lequiied diffeicnt dosages to bring about tlic sstiio effect and the 
findings of others* that age appaicntlj influenced the size of the dose lequiicd 
to giie the maximal lesult, cleailj indicated the need foi methods foi de 
tcrmmmg caionamide in bodj fluids in order that dosage could be propeih in 
dmdualized 

It is the purpose of this papei to report the plasma concentrations follou 
mg lanous doses of caionamide bj the oral and paienternl routes of admimstra 
lion, some recoienes of caronamide in the urine and the correlation of simul 
taneoush deteimined caionamide and penieiliiii plasma concentrations The 
resnlts of this ivoilv peimit a eleaicr definition of the eftectne dose of caranamide 


Mcihods foi Caronamide Deteiminalions — 


Method 1 Tins metliod,^ requiring that a fort} ciglit hour alkaline dial} sate of plasma 
be analyzed ivitli tho Beckman ultraviolet spectrophotometer proved to be more time con 
aummg and le<»3 accurate than Method 3 and was abandoned as soon as the latter procedure 
became available It Tvas used, houever during tlio initial plmscs of this investigation, and 
re'^ults obtained thereby have been cited prcviousU * ^ alues obtained in this manner shou 
substantial agreement ivith those obtained by Method 3 «!ince both procedures measure the 
sum of caronamide and its modified form** 

Method 2 The Brodie method® measures only free caronamide and not its conjugates 
Acidification of urine or plasma precipitates caronamide vrluch then is dis olved in chloro 
form. Tho chloroform solution is extracted avith 0 IN sodium hydroxide solution and the 
resoltmg alkaline solution of caronamide is read in the Beckman ultraviolet spectrophotometer 
ut 280 u millimicrons 
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Stance When the doses injected weie flora 200 to 500 rag , the samples of mine 
passed duiing the firet feii horns aftei injection, langed fiom faint lose to deep 
coppei in eoloi, and the ehaiacteiistie band of leduced cytochiome c, laiiging 
flora a faint thm line to a bioad black band, was visible spectioscopiealh mthont 
the addition of i educing agent 


CONCLUSIONS 

The pinkish color of seium obseived by Piogei and Dekaneas’ “ aftei injcc 
tions of cidochrome c maj haie been due to the piesence of hemoglobin as a le- 
snlt of slight heraoljsis C'^tochionie c conld be detected in seiiuii bj means of a 
hand speetioscope only imiiiediateh- aftei laige injections Consideiabh gicatcr 
coneenti ations of the pigment aie leqiiiied to pioduce an obvious pink color 

Injected cjtoehionie is lapidh lemoved fioiii the plasma and eonsideiabk 
amounts aie evcieted m the uiiiie 

Intiaienous injections of laige amounts of cytochiome c pioduce no obiious 
effects While haniiless, such injections veie of no benefit in the few cases of 
neuiomusculai disease studied 
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•The Cl tochiome injects l was in the oMcUzed foun but the ascorbic acid nonnah^O rj 


flit 


Oxidized cjtochrome c 


in the urine uould reduce the pigment 
is iinmeUlateh reduced If ' 
oxidation occuned The ut 

-- ler the „ f..f . 

samples nhich had stood at loom temperature for more tli 
cmstnls of sodium hjdrosulfite in the urine 


ascoroic to 

conlolf/;, 
in 


immedlateh reduced If the samples of urine were alioned to remain i” oP®'},, no io" 
oxidation occuned The uUne turned pale-\ello\\ and the c>tochronie c oana c . 
be detected Ho\se\er the xose or copper color ami the band iiuaiiabn 

■unicli hnd nt » /xnm frwr’ tli > tt thrCC TV 0” U* 
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i-espoiisc Clines iiid it is obsened that, c\en lu this small group, theie iieic 
marked diffeienecs in handling of the diug The aiciage lalues obtained from 
estimation of catonaniidc plasma coneentiations of the si\ patients iieie 15 5 
mg pel 100 ce attei one half horn and 8 0 mg pel 100 cc of plasma at the 
end of tliiec horns 

Iiei>c(ttc(l Oial Doses of Cut onamidc —’iw patients, chosen at landom in 
oiilei that thei might hettci lepiesent the clinical conditions nndei whieli 
1 noniimide is hi eh to be adniinisteied, «cie giien 3 6m of the diu^, at thiee 
horn niten ils loi flic doses One hoiii aftei all hut the fiist dose a blood 
specimen ms diaiin loi taioiiamide deteimmation From the aieiaged lesults 
(Fig 2) it IS deal that oiei the peiiod of studj there Mas a giadual rise in 
caionannde plasma concentration from 6 5 to 18 5 mg per 100 c e of plasma 
All of these patients tolentcd the drug mcU and no untouaid sjinptoms M-ere 
observed 



He 

binee theie ajipeaicd to be some tcndenci foi the plasma eoncentiation to 
>ise graduallj during a tttohclioiii penod folIoMiii„ initial ndmmistiation of 
iiiroinmide a similai stud\ Mas condueted but obsenations Meie extended for 
a longer time Fnc patients Mere given 1 5 Gm of caronamide overj three 
hours and five patients received 3 0 Gm eveo thiee hours for one week Several 
patients left the hospital before completion of the studv and did not receive the 
drug foi the full Meek A plasma caroinmide deteimmation was made dailv 
the blood specimen being diavvn at appioximatclj the same time each dav from 
one to tMo hours following a dose of caionamide Determinations on the plasma 
of Patient L h viere estimated bv Method 1 all the other results presented 




CARONAMIDE PLASMA CONCENTRATIONS' FOLLOWING 
CONTINUOUS ORAL ADMINISTRATIONS 
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in Fig 3 ueie obtnmecl 1)\ Jlctliod 3 Since lletliocls 1 'ind 3 both measuic 
caiommido and its modified foinis Jioiieici, the icsiilts are consideied togethei 

Despite maiked indnidiial diffcienccs m the handling of tlie ding, the 
difference betiicen the plasma coiicentiations of patients on the tiro dosage 
seliedulcs is cleaili defined The aieiagcd data on the patients nho received 
3 6m of cironimide eiei'j thicc lioiiis show a using concentiation of the com 
pound As noted in Pig 3 the caioiianiide dctemiiiiations Mere done on blood 
specimens diaiin either one oi tiio hours after a dose of caronamide From 
dose response ciines folloiimg a single dose of eaioiiamide it has been oh 
served that the one hour detenniiintioiis aic iniifoiralj lughei than those done 
two hours after medication In coiiscquciiee some of the tendency of the 
aieiage figuies in Fig 3 to rise oier the seven dav peiiod maj be more ap 
parent than real That this is probable is eonfiiaued bv obseiiations that 
diiimg more pioloiiged administi ation of caronamide incicasing plasma con 
centrations did not occiii 

Since Intiavenoui Voic of Caionamide- — Although one of the chief ad 
vantages of caionainide is the fact that it is administcied oiallv some cvpeii 
ments with intiavenous caionamidc have been done 

Throe patients m ere giv en a 7 5 per cent solution of sodium caronamide 
intraveiiouslj, 3 Gm being injcetcd over a period varriiig from thiec to seven 
minutes All of those patients cxpciienced a mild sensation of vvaimth aftei 
15 to 20 c e of the solution had been injected but otherwise there wore no 
reactions At the same time 200 000 units of penicdlm weio injected intravc 
noiish in oidoi that it nii^ht be detei mined whcthei oi not the plasma coneentia 
tions of caronamide weie sufficient to pioduce an elevation of the penicillin 
plasma concentiations as compared with those obtained in a control period with 
out caronamide In all instances a iiiarKvd elevation of the penicillin eoncentra 
tioii was noted (paitieiilais of these cxpciiiiients will be reported in another 
publication), indicating that the concentiations of caronamide (Table I) were 
effective m inbibiting penicillin exciction Obseivations were limited to an horn 
and foitj minutes and dining this period quantitative uiinc collections vveic 
made making possible tlic measuiomcnt of caronamide in the urine (Table I) 


TaBIE I CARONAVlIDr PLASSIA CONCESTIJVTIONB ANO TJPINAI Y ItECOVEBIES FOLLOWING A 
SiNQLF Intravenous Posf of CvRONAsiinF 


1 VTIENT 

AGP 

I \ DOSE OF 
CAROVAMIDF 
(Oil ) 

1 PI \SMA COVCFMTtATIONS OI- 

I OAKOVAMIDE ( VC /lOO C C ) 

rECO\FP\ IN 

UriNF 

40 MIN 

1 00 MIN 

|80 MIN 

1 100 min I 

(OJI ) 1 

(%) 

1) fe 

41 

3 

100 

8 75 

7 20 

0 2i 

1 15 

3S 

K S 

34 

3 

12 30 

0 62 

8 24 

6 25 

1 4j 

48 

T H 

38 

3 

15 lo 

10 00 

7 5C 

6 70 

66 

21 0 







Art rage 

I ns 

loO 


Ml determinations done b> Method (Brodle*) 


Continuous Intravenous Infusion of Caronnmidc — Thiee patients in ap 
parent good health and with noiaiial icnal function received 3 Gm of sodium 
caronamide intiavcnouslv as a piiming dose (injection time thiec to five 


302 


BOGElt, MILLER, TILLSOX, AND SH\XER 


miimtes) and theieaftei weie infused Muth a solution contaniuig sodium 
caionaniide (Table II) The actual amounts of eaionaniide administeied iveic 
5 0-1, 4 95, and 4 3 Gm , lespectnely, to Patients I S, M P, and B B The 
caionaniide plasma concentrations that iveie noted following these doses 
aie given in Table II These determinations v eie made by emplonng Metliod 2 


Table II Cafoxamide Plasma Concentrations Following Continuous lNTpME\nrs 

Ad'ministpation of Cafonamidf 




1 caronamidf j 

r\KO\TAMri>F I I VSMA COACFNTPVTiONS' 



1 IaMI^G 

INPITSION 

(MG /lOO c c ) 

1 MIl-M 

A( b 

DOSL (CM ) 

(Air/K( /111 I 

45 MIN 1 hO MIN 1 75 MIS 1 OO'IIN 


I 

44 

3 

IN 1 

-5 S 

_G01 

21 Ul 

22 111 

M V 

17 

i 

12 > 

2171 

2 ! i' 

ir 02 

2)43 

H B 

30 

1 

23 2 

20 00 

IS SI 

10 r> 

ISoO 


•All determin'itlons done m Method 2 (Brodie*) 


Recove)ics of Cmonamide Aftei Otal and Iniiavcnou^ Adnnmstnitwn — 
Fne patients (file of the patients listed in Fig 3) veie given caionaniide even 
thiee horns loi fiie dais and on the sixth dai, wliile the ding was still being 
administeied tventi-toui lioui uiine specimens weie collected The total 
amount oi caionaniide in this collection was deteimined both giaMnietiicall' 
and bi Method 3 Foi the gia\inietiic deteiniination caionaniide is piecipitated 
In aeiditimg the mine to a pH belon 3 0 and theieafter the piecipitate n 
washed, diied and weighed Bv this method onh caionamide is nieasuied, Mnee 
its modified loiiiis leniain in solution Method 3 measnied the modified loinis 
oi caionaniide in solution and hence the values obtained aie liighei than tliosc 
lepiesenting onh caionamide (Table III) 


Table III Keooiefies oi Caponamide From Twenta Four Hour Urine Collections 


1 ATIEM 

AGF 

CARO^ VMIDE 
{GM /24 UR ) 

24 HR URINE 
NOL (C C ) 

CARONANIIDE IN URINE 

“5 

O 

o 

(GM /lOO 

C C )* 

TOTAL* 

gravi 

METRIC 

R O 

71 

12 

1400 




H A 

20 

12 

1275 

^KRIS« 


75 1 

P B 

44 

2-1 

1300 



23 4 

L X 

40 

24 

2300 


11 851 

49 -! 

B I) 

40 

24 

noo 

0 2485 


in 






A\enf;e 

35 38 


*AU \ allies represent the a^erag:e of duplicate aliquots 


Ooi ) elation of Cai onamide Plasma Concenti ahons With Penicillin Flasnin 
Concent! ations — Dosage schedules foi caionamide oiiginalh weie set up luti^ 
out the benefit oi caionamide plasma concenti ations bi deteiinining the dose o 
caionamide that influenced faioiablv plasma concentrations of penicillin 3 
methods became aiailable foi deteimming caionamide in boclv fluids the dONOc 
schedules pi eMonsh established weie le-eialiiated 

Penicillin close-iesponse cuives modified bv caronaniide weie 
with penicillin dose-iesponse cuiies obtained on the same patients i' 
penicillin alone was administeied Foi each ciiiwc the dose of penicilhu 
the same and, when the curve modified In caionamide showed at least a two 



CORRELATION OF CARONAMIDE AND PENICILLIN PLASaHa CONCENTRATIONS 



HOURS AFTER PREVIOUS CARONAMIDE DOSE HOURS AFTER PREVIOUS CARONAMIDE DOSE 

Caronamide \ New Enhancing Agen^or E m Conjnnctlon TVlth Penicillin TheraPj Tr & stud Coll Ph>a, 






304 


BOGER JIILLER, IILLSOK, AJvD SHAi^Eft 


cnhancBmcBt ovei 'the contiol c\ii\e, the lesvilt was legaided as satis^acton 
On this basis, caionamide plasma eoiieentiations B'oie eoiielatecl iiitli pemcillm 
plasma concent latioiis (Fig 4) 

Fiom Fig 4 it IS appaienl that a eaionaiiiidc plasma concciitiatiou of h 
mg pei 100 c c appio\iniates the ciitical value that deteimines the inhibition 
of the excietion ot penicillin The sti iking exception piesented has been qncs 
tioned because theie vas veil leal doubt that the patient leceived the picscrihod 
amount of penicillin The ciiteiia used to deteimiiie the positiie and negatnc 
eftects of caionamide demand that the patient icceive the same dose of ]ieinullm 
111 the contiol peiiod and the caionamide treatment peiiod It this iccjuiic 
nient is not fulfilled, a failuie of caionamide mav be implied nlieie none exists 


DISCUSSION 

It has not xet been dctcnnined whetbei oi not the metabolic pioducts of 
caionamide aic plix siologiealh' active Foi this leason theie nould appeal to be 
some adxcUitage in using a method tor dctei mining caionamide that mcasiue'! 
both the drug itscli and its conjugates jMethods 1 and 3 fulfill this iwiuiic 
mtnt, Init because of its simplieiti Method 3 is prefciicd 

IMothod 2 mcdsuies caronamide alone and, xvhen aliquots of the same 
specimen haxe been analyzed bx Methods 2 and 3, the values of ^lethod 2 lm\o 
been loughlx half of those obtained bx'^ Method 3 Despite this lelatioiisliip h 
xxould be hazaidous to depend on it foi not all patients conjugate caionamide to 
the same degiee The uiinaiy leeoxones of caionamide in only a small group 
of patients (Table III) showed that patients such as H A and L N eithei do 
not conjugate the diug at all oi do so to only a slight degiee Othei patients 
oxcieted almost half the caionamide as a conjugate oi metabolic piochict o 
caionamide It is appaient, tlicicfoic, that values obtained hx Method 2 m 
not beai a constant lelationship to x allies obtained bj Method 3 Application 
of the tx\ 0 iiictliods in the study of a laigei sciics of patients should gne vahiablc 
info mation eoiiceiiimg the metabolism of caionamide 

It has been noted picxiouslx'' that a leduciiig substance occasionallx appeal'' 
in the 111 1110 tolloxxiug caionamide admimsti atioii Nine of the ten patients 
piesented in Fig 3 showed tins iccluciiig substance in the tiiine The exac 
natuie of this substance has not been detei mined, but it i educes Benedicts 
solution, IS still pieseut in specimens subjected to x casting, and gixes a positive 
BiaFs test The last mentioned test gcneiallx is peifonned to detennine t^'C 
presence of a pentose It is inteicstiiig to note that a i educing substance 


been obseixed in the mine of peisons tieated xvith paia-aminobeiizoic 


acid” and 


it IS not iinlikelx that this leducmg substance is the same as that olisei'cd foUe"' 
nig ttic administiation of caionamide 


Tlie dcmonstiation that caioiiaiiiidc is oheetixe in clexatmg pe>' 


tcilli" 


plasma eoncontiatioiis fiom 1x\o to sexen times led to the coiijcetiucs x\ jC^ 
the inteixals hctweeii mtiainusculai injections ol penicillin could he long 
and whethei caionamide might jiiolong the peiiod ot aetixitx' ot a single m 


musculai dose of pemcillm in aqueous solution to equal the dmation 


of ad'c" 



CAKON UIIDf 


30') 

oC an mjfction o£ peniullin in oil iiul l)ces«n\ The duntioii of action of n 
single close of caionnmicle and the plasma eoiicc ntiatioii of caionimidt leqniied 
to inhibit penicillin excretion iie intim itch ichted to these cpiestions 

At the liegnniing of nncsti'ntions mtli < non iniide clinical ecalnation n is 
liniiclicapped In the niiiliilitc to dcteiiiimc the (oiiiiioiind in the plasma Necei 
tlieless it nas found th it i single 4 ( m do^c ot taionamide exci-ted an cftcct on 
lienicillm plasma concenti ation for fioin ficc to sexen horns Later when 
methods foi caionainide assax xxeic dexcloped it xxas found that a slightlx 
larger single dose 4 I fiiii pioxidcd plasma concentrations hetxxeen 8 and 15 
111 ^ pel 100 ee (Method 1) foi a peiiod of tliice horn's 

These plasma cone ciiti at ions in man aie in good agiecmcnt xxitli the tlieo 
letic fignie of 6 iiig pci 100 c < that is legaided as fixing a good suppicssixc 
effect upon penicillin exeietion in dogs” Fuithei the findiiii, that the oral 
admiuisti ation of a single 4 Gm dose of caionainide, that is appi oximatclx "lO 
mg pel kilogt im of liodx xxcvlit foi an axeiagc adnlt xxcighnig 70 kiloginns 
(154 pounds) elcxated plisma penicillin concentrations for fioin fixe to sexeii 
hours, confiims the finding in dogs that a single onl dose of 70 mg per kilo 
gram that is ICm foi a dog xxoigliing 20 kilogiams dcci cased penicillin cleai 
ance foi at least four houis 

Since 4 Gm of enron imido as a single oi il dose elcxated iicnicilliii plasma 
coiieeiitiations foi fiom fixe to soxen hours and a slightlx laigei dose (4 5 Gm ) 
of soduiin caionaiiiiclo „ixcn oiallx resulted in a plasm v concentiatioii of 8 mg 
per 100 ec (Method 2) ioi onlx thiee hours it is suggested that exen loxver 
concciitiations can piiliallx inliibit penicillin excietion 

Iteisoiiiiig fiom tlie foic„oin„, a dose of 4 Gin txeij fom lioiiis xxould 
niamtaiii a plasma eoiicentution of caronamide close to the one requited defi 
nitelx to inliiliit penicillin excietion Using this schedule of dosage it has al 
icidx liccn shoxxii* that 100,000 units of penicillin in acpicons solution xxill sus 
tain assajahle penicillin lex els in the plasma foi as long as eight hocus It is 
douhtful xxhetliei caionamide doses can be spaced faithoi apait than excix foiii 
liouis since it is excreted latliei rapidlx and it seems desiiahlc to maintain an 
adcquite eaionamidc plasma concentiation in older to assinc at least a txxo 
fold niciease in the level of penicillin 

It has not jet been detciniiiied xxlictliei hx continued admniisti ation of 
caionamide it xxill he possible to piolong the effects of a single iniection ot 
iqueous penicillin to equal that of penicillin in oil and heesxxax Hoxxexcr if 
assaxahle lex els can he obtained for ns long as eight horn’s after 100 000 units 
of aqueous penicillin xxhen caionamide is gixen the likelihood is great that 
Hath laigei doses of penicillin assaxahle lexcls can he extended to at least 
txxclxc houis To pioloiig the effect of a single niiectioii of penicillin and to 
c-ncumxcnt the nccessitx of relxnig upon the patient to take idditionnl mcdica 
tion single oi il doses of 6 f in of caionamide linxe been „ixeii in conpinction 
'nth 500 000 units of oral penicillin This ticatmeiit has liceii applied to i 
~roup of patients xxitli acute goiioiihcn and the late ot cure has been 87 pci 
cent" Caionamide plasma eoiieenti ations folloxxing the adiiiinisti ation of 6 
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Gm aie not available at this time but, m consicleiatioii of the xesiilts obtained 
folloinng a 4 6m dose, it might be anticipated that 6 6m ot caionaiiudc voiiH 
piodiiee a conccntiation that would influence penicillin plasma levels foi at least 
si\ to ten houis Apait fiom the inconvenience of shallowing the tablets, G Gm 
doses base been given without unfavoiabie leaetions and investigation of large 
single doses of caionamide is indicated 

In Fig 3 the impicssioii is given that a fi\cd dose of 3 Gm cvciy thiee 
honi's mas cause an accumulation of the diug in the plasma That this 
using coiiceiitiation mas be moie appaient than leal has alieadv been men 
tioned It lb h 01 th v hilc to point out, hou ei ei , that we have had the oppoi tnniti 
ot obseiving othei patients not lepoited heie hho have taken 3 6m evciv tliicc 
houis foi tho and thiee heeks vithout shoving eithei niei easing plasma coiiecn 
ti ations 01 St mptoms of sj stemie toMcitj’’ An occasional patient has eoinplained 
ot nausea and a few have vomited It has been difficult to difteientiate between 
simple nausea indneed bv the diffieultt incident to swallowing a iiiimbei of large 
tablets and that caused bt drug toxieitv It has been inteiestnig to obseist 
that a mimbei of these patients hate been able to continue medication at the 
same dosage level vheii a suspension of caionamide icplaced the tablets How 
e\ei, seteial instances of \omiting piobably due to ding toMcily have been 
eiicouiiteied, and in tvo of these patients it has been shown that earonamidc 
plasma concenti ations here m excess of 70 mg jiei 300 cubic ecntimetcis This 
finding onlv emphasizes the desiiabilitv of contiolhng dosage bv caionamifie 
plasma drteiminations It should be pointed out that earonamidc conoentiations 
ot 45 mg pel 100 cc and above gcneiallj aie well tolerated (Figs 3 and 4) 

111 a pietious publication,- on the basis of only two patients, it was siii: 
gested that 20 to 30 mg pei 100 cc (Method 1) was the caionamide plasma 
concentration leqiiired to siippiess the elimination of penicillin On the basis 
of a laigci expeiience and nioie leliable caionamide deteiminations, it appears 
that concenti ations as low as 8 mg per 100 c c (Method 2) paitialh nilnbit 
penicillin exeietion and concenti ations between 10 and 20 mg pci 100 e c lusure 
at least a twofold enhancement of penicillin plasma coucentiation (Fig 4) 
Concenti ations bethoen 20 and 40 mg pei 100 c c aie well toleiatcd and tbm 
appioximate the plasma coucentiation ol caionamide that piovidcs optimal m 
hibition of penicillin exciction 

The dose that lias most fiec]iicnlli iulfilled the leqinicment ot imimtam 
ing foi the entile time between closes ot caionamide a plasma coiiccntiatmn 
that IS adequate to inhibit penicillin cxcietion has been 3 Gm even thicc hoin* 
01 4 Gm e\ei\ foui hours In a fev instances this dose has failed to inaintm^ 
the desired plasma concentrations and in othcis (Fig 3, Patients J ^ 

J 0 , and Fig 4) 1 5 Gm eieic thiee honi’s have maintained the lecjinsiteleiP 
Actually, the optimal dose of caionamide cannot be defined aibitiaiib ns a cm” 
tain niimbei of giams pei dai , tlie dosage ncccssaiv to maintain the pksm'' 
concentration at oi abo\c 15 mg pei 100 cc canes fiom individual 
cidiial and caries soniecchat eceii in the same individual fiom day to da' 

Diet, degiee of hcdration, fluid intake, lecei, and disease iiifineiicc to^j 
maiked dcgiee the dailc lequiiements of ani paiticulai patient The aca 
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abilitj of a simple and reliable method for caronamide determination has estab 
bshcd tins cleiih Striking diftcrenccs in indnidual icqiiirements nndcz con 
ditions other tlnn those just mentioned are piobabh a leflection of the patient s 
leml function It appears tint the moie iicaih noimnl lenal function is the 
lai-gei the dose of caionamidc lequiicd to maintain a plasma conceiitntion that 
\yi\i inhibit penicillin c\cietion This gencnlization is compatible iMtli the 
aiadable clinical dita Childien nith normal renal function haie been found 
to reqiiiic dailj doses equal to adult doses 24 Gm pci da\,^ in oidei to ob 
tain ele\ations of penicilbn plasma concentration Pei'sons ovei CO ■v\lio, pic 
siimablj on the basis of aging alone ha\e some lenal impaiianent lequiic less 
caronamide to inhibit penicillin excretion than do ■voungei individuals * Caron 
amide probablj is excictcd onh bv glomciailai hltiation and, consequentlj im 
pairment of glomerulai function wall retain the drug in the cii dilation, thus 
making smaller doses moie effective Furthermore since the site of action of 
caionamide is tlie renal tubule anv existmg impaiianent of tubulai function 
means that less diaig wall mlubit those tubules that arc functioning noimalh 
Thus if a patient to whom eatonaimdc is administeicd has subelimcal lenal 
impairment, a lelativelj small dose of the dnig will be icquned to maintain 
ail o])timal plasma concentiation 


CONCLUSIONS 

A caronamide plasma concentration of appioximatclj 15 mg pel 100 cc 
IS required to inhibit the renal cxciction of penicillin sufficienth to provide at 
least a twofold elevation of penicillin plasma concentration A single oral dose 
of 4 Gm of caronamide will not maintain this concentrotion in the plasma but 
bj reason of partial inhibition of the lenal tubules will, nevertheless, influence 
penicillin excretion for from five to seven hours Although 1 5 Gm evei'j three 
hours in some patients piovide this critical level (15 mg per 100 cc ) in the 
plasma, 3 Gm even three hours or 4 Gm even foui lioiirs are required in the 
majoiitj of patients with iioiinal icnal function Caronamide plasma concentra 
tions of 20 to 40 mg pei 100 ce aic well toleiated and piobabh lepiesent the 
(onccnliatioiis that m iximallv iniiibit tJic tubular cxciction of penicillin Tiicic 
are maiked individual diffeienccs m the metabolism of this compound but the 
iveidf^e tv\ontv foui houi lecoven of free cai-onamide is 35 38 pci cent and of 
<-aionimide and its metabolic pioduets 47 26 pci cent of the mateiial irif^ested 
The availabilitj of a simple and icbablc method foi caionamide deteimmation 
permits individualization of caionamide dosage 

^Vo Tvash to acknowledge our indebtedness to Dr Harrison F FJippin and Dr William 
G Leaman Jr for haMng granted permission to stud) patients on their sen ices at the 
Philadelphia General Hospital, Philadelphia Pa 
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ISOIjATION and IDENTinCATION OP INFLUENZA VIRUSES 
DURING THE EPIDEMIC OE DECEMBER 1945 

^riiDRFDW ;M S HirbfktR jMorgvn \nd 

iMwWFLL Finlvnd MD 
Boston jVI \s.s 


T he onsc ^\Illl wliipli influcn/a miuscs ctii be isohted and identified Cioin 
iiidniduals ill ^\llll (linicil iiifiucn/i has \aiied consideiabh in difieient 
(pideinits 111 dilTciont 1 iboiatorics duiinff the smie epidemic and e^ell in 
(lifTciont pitients studied in the smit hhoiaton dmins the sime outbieak 
Duiiiifr the epidemic of mfluen/a A winch oecuiicd in Boston in Doccmbei 
1943, and in spoindic cases that oecuiud diiiin" the ensuing weeks successful 
virus isolations wcic made ciiiito rcadih Horn the thioat washings of a small 
^loup of patients with clinical infiucn/a and liom the lungs of jiitients with 
fatal cases' These isolations wcic accomplished bv using nnfiltciod and iin 
tieated throat washings oi lung suspensions cithci foi intianasal mouse inorula 
tion and pas^ap^c oi foi inoculation and subsequent passage tluough the allantoic 
sac of developing cluck embnos oi In combinations of 4hcse methods Bacterial 
contaminations were usuallj eliminated in the couisc of the mouse passages 
without lesoit to special methods, oi In filtiation nftci the \nus had multiplied 
and become established oithei in the mouse lungs oi in the nllanloit fluid of 
the cluck cmbivo Sinulai methods wcic used succcssfullj dining the same cpi 
deiiiic In woikers in Jlinncsota * ® 


The same methods, except foi the addition oi adequate amounts of penicillin 
to suppress bnetciial contaminations wcic cntireh without succeSvS when used 
on materials collected fiom patients dining and nftci the epidemic of influenza 
B that oecuired in and around Boston in Dccembci 1945 After numcious 
attempts, influenza B viiuscs wcic cvciitualh isolated fiom throat washings of 
a numbei of patients studied dining this cjudcmK utilizing othci loutcs of 
inoculation of embrjonated eggs both with and without pieliminaiv mouse 
pissnge t In \iew of the difficulties cncountcicd and the different methods cm 
ploNcd it mav be of interest to picscnt hcic some of tlie details of the o\ 
pcnenccs with the isolation ot influenza, miuscs dining this outbieak The re 
''lilts have been icjioitcd clscwhcic of the sciologic studies made in cases and 
1 imih contacts fiom a localized outbieak m a school m one of Boston s siibuibs * 
m i ises of uncomplicated lespiratoiv infections'^ and in patients with pneu 
mom® seen at the Boston Cil> Hospital dining this epidemic 


, - >rom the Thorndike Memorial Lnboratorj Second and Fourth Sledlcal Service*! (Har 

'nrl) Bo*!ton Clt> Ho pitnl and the Department of Medicine IJnnarl Mellciil School 
Hecohed for publication Dec 18 1BI< 

Senior I-ellow In Medical Selene National Kt enreh Council 


■fOnU thret strains had l>een i«uccea fuliv c tabllahed at the time that the report vva*! 
ma ic on the serologic studies In ca es and famlb contacts from the school outbreak In Nee 1 
nam and onh one of those strain was from n Needham case Seveni other strain were 
r,,“,^SUf‘ntl) bolatcd on one or more attempts both from ehlldren In N -edlnm and from pi 
‘“■at at the Boston Clt> Ho pitnl as dctallcil In this paper 
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dissected out, pooled ground nith sterile alundum and made up to a 10 to 20 
per cent suspension nitli bi-oth containing 10 pci cent neimal hoise seium This 
suspension ivas used for furtlicr egg passages nhcn tlie allantoic fluid failed 
to agglutinate the chicken cells 

Allantoic Inooulations — For this purpose 10 to 11 da\ old emhiionatcd 
eggs in groups of foui to si\ neie inoculated directlj into the allantoic sac in the 
manner described bv Hirst ® A hole nas dialled on the side of tl e egg oiei the 
embrjo but in an area tihere there weic no laige blood lessels A second punc 
hire Mas made in the shell oiei the an sac An inoculum of 0 1 ml was then in 
jectcd Math a 26 gauge needle one half inch long thiougli the side opening di 
rectlv into the allantoic sac Both holes mcic then scaled Mith the collodion 
iodine mixtuie Aftei tMo dais of incubation at 35 oi 37° C depending on 
Mhetlier influenza B oi A mils rcspcctneli iias anticipated the allantoic 
fluid Mas haiiested iiithout prciioiis chilling The laige blood lessels in the 
clioiioallantois weie laiptured and nlloncd to bleed into the allantoic eniiti 
The allantoic fluid containing the embiioiiie icd cells Mas collected pooled and 
concentrated according to the method of Frincis and Salk *“ 

Mouse Inoculations — Slice in gioups of si\, each Mcighing 10 to 12 giams 
Merc inoculated intranasallj undei light othei anesthesia Math 0 05 ml of tin 
treated thioat Mashing The mice mcic sacrificed on the third dai the lungs 
dissected out, and the piesenco oi absence of lesions Mas noted The lungs 
were then pooled gioiind Mith sterile alundum and made up to nppro\unatelj 
a 20 per cent suspension in 10 pel cent horse serum bioth After slow cen 
tnfiigation to lemoie coarse particles the siipeinatant fluid Mas removed and 
used foi fiirthci passages 

Controls — Steiile horse seitirn broth and negatne oi unknown mateiials 
nidiidmg thioat washings and lungs fiom patients Mithoiit clinical nifluenzi 
wti'o carried thiough all of the carious egg and mouse proceduics and jaclded 
■legatice results ui eceij instance Caie was taken not to worl Mith established 
laiaises on dnes Mhcn isolation pioccduics were being earned out 

Serologic Tests — The methods used for titrating the viruses and for the 
agglutination inhibition and complement fixation tests Mere similai to those 
used m precious studies repoited fioiii this epidemic^ Neutialization tests 
Mere carried out in cluck emkrtos bj the method of Hirst “ The PR8 and 
fee stiams* hace been maintained bj allantoic passages in eggs The BON 
strain'“t Mas not introduced into the laboratort until most of the strains fiom 
this epidemic had alreadc been isolated 

Tdcntiflcation and diftcrcntiation of tbc causes cieic earned out in part 
In the use of antisera piepaied in labbits Foi this purpose albino labbits 
Mcighing 2 5 to 3 5 kilogiams were used tevo for each stram of cirus Bach 
rabbit evas bled about 10 ml from the maiginnl car cein to obtain seiami foi 
contiols in subsetiuent tests and ccas then in]octed nitiacenouslc Mith 0 1 ml 
of coiicentiatcd acticc cirus The labbits ccerc again bled from the eai cein 
ifter ten to fouitcen dajs and the scrum obtained at this time together Mith 

prielnall> obtained froin Dr Thonin** Francis Jr 'School of Public Ilonlth Uni crsltj 
ilicbipan 

tOblalned from Dr John F Enders Department of Bncterlol Harvard "Medical School 
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RESULTS 

^^ltll olmiealli Upicnl easel' of rafttr "“slimgs obtained tiom intitiils 

Iiontrei, »,s used m Tom »' «■“» 

tmis In inoenlation ,md nmsao” sep«tnte attempts to olito 

methods The somee'of the mctliods oi combinations ol 

and ...fllieim, T LoT 1, T "’"-'xx'' ■"Amman A (PBS) 

-ms in these nos." IZZ TSi" ““ »' 

loniteen thioat iiashinss"'AiroTfj°” 'l* "el'tof Him 

neccml)oi 13 and ‘>1 eiiflit washings weie obtained between 

am siuis iiieluS allTbf. 1 ^ ^ 'The siv w Inch failed to ue!<] 

ot Janiian iiom mtient-s^ ^ washings that weie obtained aftei the middle 
of influenza Hiid o x the PR8 torn 

^tiaiiis ofinfluei"! B Bu the leociith isolated 

weie with the latest inOn enougli, two of the otnci thiee failures 

influenza B TJic seumK ‘'5® ® ^^^'n patients wnth seiologic CMdenecnf 

addition iomfold oi eiont ®t these patients, W D and J C,shoued,m 
and VrC) of influenza R x antibodies to three shams (JIB W, 

tioni T C howeiei no ^^®tated fiom this epidemic The washing 

tH all the six washino-s through the usual blind passages m e'li.'s 

"«n ob,on.or„,:s; s dTo?; hV” r'^ ^ "■ » 

second ^ the otheis ■\\eie collected on the fiist or 

ecpialJi suxcissful'^^Tjie/^*''*^ nelded \iinses, the same methods weie not ahais 
01 combiiiahoii of nietliorUxr^ miough obsenations made with each mefiiod 
neieithelcss seem to wax i tiemiit definite eompaiisons The available data 
diftexent methods Tho' *^®^^nctions as to the lelative efficaci of fl'C 

successful foi the diiopx'''c nf inoculation was definiteh the most 

Mins bo estllilislmd Z a it^ '' 

Inoeulation clnocth mXo'xL inoculated mitialh bv the allantoic loute 

and was somewliat nioie cnmL^ metiiod' 

those obtained hi amniotic sac inmil^lns 

of the Mimses 'indeed Passage was not successful alone in establishing an’ 
inoculated with the oienn^T” tesioiis meie piesent m the lungs of mio' 

^s.nc. u..!l ! became p.ogiesMudi 

flrsT recoCT'izca'^'lT inOuf-nza B mxU": ''‘/'’/T'* 
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T\ble I Rtsujifi OF Vttfupts to Isolate Airusfs From Patients A\iTir Influenza 
Dfcember 1945 TO Tanuvrn, 1940 
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less maiked oi iiere not seen giosslj aftei fuitlier mouse passages On the 
other hand, one or moie passages thiongh mice seemed to lesult in a sufficient 
in ei ease in concentration of virus to peimit a better jneld and more rapid 
establishment of the \uiis after subsequent ammotie passage m eggs Pro 
hmuiaij- mouse passage also permitted the establishment of the Mins cluoellv 
in the allantoic sac of the cluck embivo on several occasions without piehmman 
ammotic passage 

A few details of inteiest and some of the dithcuities encouiiteicd in the 
coiiise of these isolations may be mentioned biieflv Tlieie seemed to he con 
siderable fluctuations in the amount, oi possibly the viiiilence, of the vnnsCi 
dining the couise of the ammotic passages and before they weie stabilized in 
subsequent allantoic passages It was difficult in the early passages, foi example 
to ,iiidge fiom the hemagglutination titeis the dilution of ammotic oi allantoic 
fluid to use foi subsequent passage eithei by the ammotic or allantoic routei 
It uas neressan therefore, to use two, three, and sometimes four diffcient diln 
tions of fluid toi in]ectious bx both the ammotic and allantoic loutes m order 
to assm ( a good x irns yield and to ax'oid the loss of the vims in passage Far 
theimore, the detection of xinis m aUantoie fluid, even m modeiate or high 
titei did not alvaxs assuie subsequent successful allantoic passage even a hen 
sexeial dilutions of vims were used EventuaUv, honevei, it vas possible to 
passage some of the viruses consistently hv the allantoic route, although not 
all of the stiains neie earned through to that stage 

Stoiage of the throat washings oi of passage mateiials in the carbon di 
oxide icebox did not seem to affect the xirases appieciahly, at least as judged hr 
the tacilitv xvith xvhich isolations xxeie subsequent^ made fiom these mateiials 
Viruses weie isolated fiom oiigmal washings and flist egg passage materials 
hx txxo indixndiials xvoiknig independently, as long as fifteen to eighteen montlis 
after thex xveie originally stored 

One point of particular interest xxas the progressive decline in titei of vims 
in the ammotic fluid xvith a concomitant uicrease in titer of the virus m tiie 
.diantoic fluid during the course of incubation of the ammotic passages Three 
sti iking examples of this phenomenon aie shoxvn in Table II 


Tablf II X rrus Titfrs in Ammotic and Aliantoic Fiuins at X^vriocs 
Intfpvals After Aximotic Inocoeation 
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•Ami anti Am, Fourth and sixth amnlotic passagos resptethtU ninp-da'-* 
nero u'Cd for those Inoculations The dilution or the inoculum from the preilous ai 
sage Is shonn in parentheses 

•fCC X Chicken cell agglutination 
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Identification and Differentiation of Strains — 

Human Convalescent Seia In the course of tlic sciologic studies of the 
cases fiom the school ontbreah in Necdlnni/ some eMclcnce ^^as obtained ^\hich 
suggested that thcie -wcie antigenic diffcienccs among tlie strains of influenza 
MFus isolated in this epidemic although the stiains mcic leadilv identified as 
infinenza B UFost of the patients fiom Needham uho 2 md clmicahj tjpical 
influenza sho^\cd a ehaiatleiistic rise m antibodv titer in the comalescent sera 
with the Lee stiain of influenza B as well as uith tliiec iceentlj isolated stiains 
hut not mtli the PR 8 strain of influenza A Miais 

Theie were thiee patients m that gioup howe\ci who failed to show a 
rise in antibodies ba the agglutinin inhibition test wnth the Lee stiain and wnth 
one of the rcccntlj isolated stiains but did show a use with the other two cpi 
demic strains that were used In ta\o of these thiee patients similai lesults were 
obtained with the complement fixation test, but in the thud patient the comple 
ment fixation test showed similai rises in lilci with all of these fom strains of 
influenza B aims The soiologic findings in these time childien and in the 
lliivc patients fiom whom the aiiusts wcic isolated arc shown in Table III 


Table III Amibodx Titpus or SEa.\ FroM SELECTEn P\tients Tfstzd 
With Stock Strains avu Kecivtit Isolated Strains 
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Pitionts Ikl B J H R a anti J M were 1 14 11 ana 1 >cars old rcspcctUelj 

^'cre from Needham W C anti M P were adult workers nt the Boston Cltj ll 0 ‘<pltnl 
Titers with homologous %irus arc ‘»hown In bold tjpe 


On the basis of tlie meagei ciidence obtained from the seiologie response 
111 tlie thiee Needham patients, the strain JIB that ms isolated from another 
ease in Needham appeared to be antigcnicallj closeh related to the Lee strain 
On the other hand stiains JIF and AVC nliieli Mere isolated from indnidnals 
in Boston nlio had not been exposed to patients from Needham, differed fiom 
these tno strains and neie closeh related to the Australian BON strain’ of 
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influenza B It is interesting to note that these diffeiences in antigenic re 
spouse to the different strains of inius were obtained m school childien imiging 
in dge tioni 11 to IT j eai-s No such specific diffeiences in antiboch lespome 
iieie noted in the convalescent seia of the adult patients fiom the Boston Citi 
Hospital 

The fact that onh the convalescent seia fioin some of the school ehikhcn 
shoved these spetifie diffeiences may be due to then having had fevei piCMOiis 
exposuies to influenza antigens, paiticulaily to those of type B stiains Tins 
ma> have peimitted then antibody i espouse to express gi eater specificiti when 
compaied vith the antibody leaction of oldei patients 

Immune Babbit 80 a The titeis of agglutmm-inhibiting antibodies in the 
lalibit seia pie])died against these laiious stiains aie shovm in Table IV The 
results of these tests eoiioboiate the findings in the human convalescent sera 
Thev show that the ]\IB stiain is indistinguishable fiom the Lee strain of m 
fluenza B while stiains WC and MF aie identical with each other and aie easih 
diffeientiated be this method flora the first two vnuses The WC and JIF 
strains luitheimoie, appear to be eloseh lelated to the BON stiain All of 
these stiains were casih diffeientiated fiom the BBS stiain of influenza Aiinu 

The titeis of antibodies foi the honiologons vims 111 the labbit seia obtained 
at tin time of the final bleeding aie also expressed in Table IV as fold uses 
This was done because the rabbits used foi immunization with the JIB stiam 
had a high titer (1 128) of hemagglutinm-inhilnting activity befoie the im 
nmnizatinn The subsequent louifold increase ni antibody titei ni these m* 
bits was less than in those which were immunized with the other strains and m 
which tlu contiol titeis wcie lowei The anti-i\IF serum w'as less nctiic than t ip 
other labbit antisera and the difteioncc wms cien more marked in the lesults o) 
tamed in the mius ncutiahzation tests with these seia 
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The iLsults ot tin. muis nentiali/ation tests pcitoimcd on cmln'onac^ 
eggs aie shown in Talile V These tests appear to be more sensitne an nio 
siiecific and, thcicloie gne a moic aeemate mcasnie of the antigenic difference 
In these tests the contiol oi noiiiial labbit seia sliowecl no iicntializmg ac i ^ 
with fim of the iiiuses The lesnlts otheniisc confirm the close antig^'^^^^ 
lationships of strains AIB and Lee and their diffeiences fiom stiains V ' 
and BON which aic closelj lelated to each otliei There aic also niinoi 
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suggestnc antigenic difteieiices bet^\eeii WC on the one Innd nnd Ml iiid BOIs 
on tlic othei These Httei diffeienccs hone\ei ma^ he due in pait to the fact 
that the neutnlizing titei of the aiitiseiiuu piepaicd \nth the TVC stiain \\as 
apprccnblj higlier tlian that of the MF and BON antiseia 


Table V Results of Virus Nfutpalization Tfsts in Chick Embfnos Vitji Immune 
Rvbbit ^fra and Sfiected Strains of I^FLUENZ^ ^ irus 
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Titer expressed as the reciprocal of the dilution of ‘serum which Inhibit* growth in 0 
ptr cent of embrjos Inoculated wltli 300 IDj* (60 per cent infecting do es) 


lIcmiKjyluixnation of Jloise Cdh The al)ilit\ of all of these stiains of 
Mnis to agglutiinte hoi'se rtid blood (clls ^\as tested in oidci to detect am pos 
sible diffeience m actuitj similai to that found foi some stiams b\ Bin-net'' 
There iicie some suggestue diffeiences bm these wiie not imiKed nor Mere thc\ 
obsenod consi&tentlj in repeated tests 

Attempts to Demonstude a Rcceptoi Gunhent L\pciimcnts veie also 
perfoimed to delcimme Mhethei am possible di/tcicnces in these miusos could 
be dctoimmed the receptor gradient uinUsis -is doscubod bs Buinct and 
coMoikers'* Eacli ol tlic \iiu cs was used to nsrglutinatc ehiekcii icd lilood 
cells The tmises weie tlicii eluted fiom the lod cells The cells fi-om which 
cneh of the iii-uses vas eluted wcic then used foi agglutination with all the 
\iruscs No appiceiahle diilfcienccs weic noted in the effect on the red colls of 
am of the strains of infiuciiFa B \iius tint weie tested in this mannoi 

SUMAI \R\ AND CONCI USlONS 

Details of the isolation md identification of influenza miuscs fiom thioat 
washings obtained fiom patients witli clinical influenza in and aionnd Boston 
duniig the epidemic of Decemliei 194^ ha\c been piesentcd 

Stiains of influenza B mi us wcie isolated onh duiing the hcip,ht of the epi 
demic fioin patients whose comalesccnt sen sliowed a use in antibodies foi 
influenza B and not for influenza A 

The aniniotic route of inoculation of chick embijos was the most success 
fill for the piiman isolation of these Miuses PicliminarN mouse passage was 
sometimes helpful in establishing the unis moic rapidh in the embnonated 
eggs 

EMdciice was piesentcd which indicated that at least two antigeincalh 
distinct stiains of influenza B wcic actuc m this epidemic 

rfffffncfs 

1 Finland M Barnc M V nnrl Sampor B \ Influciizn 1 mi« T olstions iinil ^orologir 
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HISTAMINE ANTAGONISTS 

X A Nrw Amihistaminic Drug 2 [a (2 Dimethil.vminoftho'ca) a Mcthyl 
benz\l] P\ridine Succimte (Decaprin Succinite) Experimental 

AN-D CuNMCVL RESULTS 

Samuel M Feinberg, M D , and Theodore B Bernstein M D 
Chicigo III 

D APID dev clopments, in the field of antihistaminic di ugs hav e led to the 
i x svnthesis of another new compound vvlueh, according to oui experimental 
and clmicTl expenences, is an effective antihistaminic and antialleigic agent 
Tins substance is 2 [a (2 dimeth3lammoethox3 )-o iiiethjibenzvl] pviidme sue 
einatt, which the inanufactuier calls Decaprvai succinate ** 
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Lnboratorj studies 1 j> Blown and AVeinei^ ha\e demonstrated tint 
clecapijTi succinate is an antihistaminic agent Mith compaiatnelj high po 
tenej and lo\v acute and chrome toxicit> Minimal doses necess'iry to ant'ig 
onize 4 to 7 of histamine were reported to be less tlian 0 5 mg per kilo 
gram intrivenouslj and subcutaneously and 10 mg pei kilogram orally , lethal 
doses by these loutes ueie sixty foui oi moic limes tlic cffcctue doses Pro 
teetue action in these tests was of long duiation, ns c\ulencod by the fact that 
seven lethal doses of histamine v\cic antagonized ten houi-s aftei tlic oral admin 
istration of 80 mg pci kilogram of the antihistaminic agent 

Decapiyn succinate effectively antagonized the depiessoi lesponse in cats 
and the pressor response in rabbits lesulting fiom histamine It was found 
to have piacticalh no topical anesthetic action on rabbit coinea but alkalmiza 
tion of solutions libeiatcd tlic base and icsultcd iii stiong local anesthetic action 
The succinate also pioduccd stioiig anesthetic action of long duration v\hcn 
uijccted with cpmcplninc It picventcd anaphylactic death iii guinea pigs 
passively sensitized to hoi*se seium it antagonized the massive edema pioducmg 
iffcels of intiapcritoncally administcicd egg wliite iii lats, and both ond and 
topical applications antagonized in sonic incasmc the contact dcimatitis induced 
hv clicinical antigens 

These data indicated to us tint decapivoi hid properties waiiniitmg furthei 
evperim eutal and clinical study 

T Department of Internal Medicine DUlsion of \lkrc> and the Vllerej Re earch 
“Oratory kortlm estorn Universlt> Aledicnl School 

of the experimental \xork xNas supported bj a grant from tht National Health 
‘natlluto of the United States Public Health Service 
necohed for publication Nov ^8 194 
Supplied bj the "Win S Merrcll Companj Cincinnati Ohio 
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EAPFRIJIENT \L IN\ ESriGATIONS 

DeeapiMi succinate pioduces %eiy little suiface anesthesia of iiuicotis mem 
biaiies Unlike most of the otliei antihistamimc diugs, a few cnslals ou tlic 
tongue did not pioduce noticeable numbness One oi two pei cent solutions in 
the labbit s e^ e did not abolish the sensitivit's of the eoinea IIoise\er, the iiitra 
deiinal injeetion of a solution into the guinea pig indicated that it is a local 
anesthetic about equal in iiotenci to novoeaine 

Intiaicnou^ Ihstamvie — The 1 IM L D 100 of histamine (0 4 mg of lih 
tamine base pei kilogiam) gneii nitiaieiioush to guinea pigs lesultecl in a 
sunnal ol ten out ot ten animals when an intiapeiitoneal injection of 1 mg of 
deeapiMi succinate pei kilogiam Mas adinmisteied tcventv minutes pienoush 
When 01 mg jici kilogiam of the diug i\as in]ected, tivo of five animals died 
aftei 1 II U ]) 100 ot histamine 

Afiosofs 1)1 ih< Pievcniton of Htsfmmne BioncJiospasin — We liaic found 
that aciosnls ol the antihistamine dings neie eftectivc in the pieieiition of 
chspnoa linm aeiosolizcd histamine to which the guinea pigs neie suhseqiienth 
e\]ioscd Ten animals Mere selected Minch lesponded to oui histamine aciosol 
lO 1 mg iHu < nine cenlimetei at 5 pounds piessiue) Muth the piodnctioii of 
laboied bieatliing iii one-half to tliiee minutes These same animals were sub 
iccted on different dais to the autihistaminic ding, tisualh stiengtlis of 2 
1 ^2 and ^4 pel cent toi a fiie-mmute peiiod Aftei fifteen minutes the 
animals Meie exposed to the histamine aeiosol and the time lequiied to pioduec 
ihspnca Mas noted It no dc&iniea oeemied aftei ten minutes the amnials verc 
lemtued Peiiodicalh the animals Meie tested foi changes m liistamme tolcr 
ance ,iud, if changes Meie noted mcic leplaced Mith otliei animals 


1 UiLF I FffECT or Differisg Concentrations op Afrosois os Guinfa Pigs Tolfi ctis 
ITistcminf \irosols (Tfn Anuscaes With Nokhae Histaminf Toiefasce <'i 
One HALF TO Three JIinutes) 
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Tlie esbential lesults with decapijn succmate in comparison with P^ri 
benzamme and two othei dings are biiefl} rcpoited m Table I It maj be 
seen tint while decapijn succinate as an aciosol is not so effectue as some anti 
liistaminie drugs, it is more eifeetue tlnn othei*s 

Anaphylaxis — Some degiee of protection against aiiaplijlaxis was e\idenced 
bj the fact that of nine animals jiassneh sensitized with antiegg scium and 
challenged with 0 5 cc of 10 pei cent egg white intiacardiallj onh one died 
of anaphjla\is when an mtiaperitoncal injection of 3 mg of decapiMi succinate 
pel kilogram was used tliiitj minutes picMoush ith a 1 mg pei kilognm 
dose the piotection was pncticalh lul The coiitiol gioup showed a moitalit\ 
of 85 pel rent 

Inhibition of Local Ilistamtnc i^Iin Response in Man — Lailj in oui e\ptii 
ence with the antihistiminic diugs wc denionstiited that when applied locilh 
to skin scutches these substances wcic Inghh effectne m inhibiting the wheal 
and flaie of liistiinine fiom subsequent application Since it is leasoinble to 
suppose that the histamine skin lesponse in man comes much closci than iiiimal 
assays to simulation of the mechanism of the alleigic phenomena wliicli we 
attempt to melioiate it was hoped that quantitatnc studies ot the inhibiting 
action of this histamine leaction might be a ^aluable means ot obtaining a pic 
limnian assaj of the diaig in question At this point wc shall not go into detail 
concerning the ^allous techniques and the modifications which wc cmploacd noi 
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,o .. 1 — Quantitathc inhibltJon of hl^itaminc r action sultablUU k, 

Urtlcular subject are (leternilneC bj prellmln'in titration of hi ‘PJk* j 

, rle of cratches on the back tcolujnn at left) Dilution nf Jintlhi 
i^ribenzamine N p>rid\l N bpnz>l N dimetio leth> lenedlamln h% drochlorhlo f n 
f < -dlmethjlamlnoethON-s ) am th>lbenz>l] p>rldlne succinate ^ u!?., 

llmetlul N ( DjrkUl) N (T chloro then>l) eth\ 1 n tllaniinc h> Irochlorlde ^ Hein mine 
j* N Hiuethjl N benz^J N (a p%rJjnld^l) etlulenedlainine h\Urochlori le — are appHtl to >*^'eral 
of scratches on the same subject at the same \1 It Tie drups are wa ‘'y* 

•ninufes later und 1 drop of c electc I concentratlor of histamine ffn this ca p I -{ 000) i 
applied to each of the semtehe The comparative InhlbitUc effect of the druc si\e a good 
ind^lcatlon of ic antiallergic efflenej The procedure I repeated on a number of subj ct 
'Jiner mo lincatloni of the technique based on the same conceit arc being u ed 
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flisctiss our geucial data with respect to other drugs We shall outline heic 
one method which can be used to obtain data and also the results obtained \ntli 
decapivn succinate 

The suitabilitv and the sensitivitv of the subject are determined In per 
forming tests with serial dilutions of histamine on scratches on the bach The 
dilutions commonh employed range from 1 4,000 to 128,000 m terms of Ins 
famine base The concentration which is tu ice that of the lou est giving the 
maximum flai e is usuallv emploj ed in the inhibition experiments Sei eral senes 
of scratches are made on the back On each series of sciatches drops of an anti 
histammic substance of serial dilutions are placed, the range vaijmig from 2 
per cent to pei cent *■ After ten minutes the antihistamimc solutions are 
washed off and the selected concentration of histamine is applied to tlie pro 
treated sites Inhibition of the histamine reaction is shown in the sites irlnch 
had tile iiioie roiicentrated antiliistaminics, while the sites which had the i' oak 
solution mav leact The point at which a histamine reaction fails to be inhibited 
srives an idea of the antihistamimc and piobabh the antiallergic potenn of 
the diiiff Tlie experiment is, of course, repeated on a nuiiibei of subieets 

Fig 1 gives an idea of a representative result and indicates that deeapmi 
succinate is effective in the inhibition of histamine leactions 


CLIXICAL FJNDINGS 


Ge^teial Ptoccdute — After some of the experimental woik had been done, 
the diug was adniinisteied eautiouslv to soveiad subjects AVhen no paitieiilar 
toxic effects were noted decapmi succinate began to be used foi the svmpto 
niatic relief of alleigv The patient was given the drug in the foim of capsiik'^ 
01 tablets and instructed to use small doses at first and only when needed In 
a few instances the medication was piesenbed to be taken regulailv two to four 
times dailv In most instances the patient was seen twice weekly, when las 
condition was evaluated bj questioning and obseivation and judged in tcrnis 
of pollen counts, w eather changes, and similai factors Wlienev ei feasiide t 
subject was asked to compare the action of this ding against one oi moic otlmi's 
at vaiious times The results vveie legaided as satisf actor if relief was con 
sistcntly obtained, altbongli not necessaiilv every tmie If relief was rerv shell 
01 questionable oi not obtained most of the time the result was recoidcd as 
“no improvement “ 


Hay Fcier and Nonseasonal AUeigic Rlnmfts — The seasonal gioup co”’ 
piisecl eiglitv one patients, obseived duiiug the 1947 season, having seasoiw 
hav fever eitbei due to the pollens of glasses or lagweed oi to fungus sporf 
Subjects with hav fcvei due to lagweed predominated Wliile some ** 
patients to whom this drug was given were new or untreated, the majoiit' la^ 
received pieviouslv varying amounts of desensitizing injections Satisfadci 
lelief was obtained in sixtv-two of the persons with hay fever (76 pci 


ccntl 


'More recenth -no ln\e found the following factors more suitable dVfYPJn fithcr U 
1 S 000 to 1 ol. 000 for control titration concentration of histamine for inhibition t 
first efCcctixc fiare or one uhicli is one-half size of maximal and antihistamine conw 
rinprlnK from 1 Son to 1 204 800 
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The relief ■\\as, of couise, onl^ tempoiiiy The duiation of action is difficult 
to determine in fe\ei , our impression ho^\e\el is that theie 'svas a tendenc^ 
to longei action than found ^nth other antihistaminic diugs 

In the nonseasonal ^asomoto^ rhinitis, nineteen of thirt% foui patients 
olitained satisfacton inipio\ement In both the seasonal and nonseasonal tapes 
of rhinitis the haiiei esthetic saTiaptom of sneezing a\as moie often lelieaed than 
the nasal liloci ing The intuirescencc of the tuihinates, so common a manifes 
tation of the lattei pait of the ha\ fe\ci season nas lesistant to this dru" as 
nell as to other antihistaminic drugs 

Other Allergic Mamfesfahons — No appieciablc iclief could be obseived in 
an\ of ti\ent\ scicn patients avith asthma Most of the patients nith asthma 
in this group were associated ivith ha\ fcvei This fact cannot be o\ erstressed 
In haj fe\ci asthma, the hav feaei maa be effectiielj icheaed wheieas the 
nsthma is not Since dcsensitization treatment is higlih effeotne in the pic 
lention of such asthma, it is obvious that antihistaminic therapv should not be 
depended upon in such cases Two patients of sc\en had lelicf of allergic cough 

The itching and some of the swelling of iirticaiia and angioneuiotie edema 
ncrc ^cllc^ed in six patients of nine tieated Six patients mth chionic atopic 
dermatitis receued decapnm sucemote four had appieciablc relief of itching 
Dermogiaplusm nas cffcctl^eh rehe\ed m fi\c of six patients Tno patients 
nath headache of possible allergic origin failed to obtain benefit 

Doses — The doses administered \aued from 12 5 to 50 milligrams We 
found no one who failed to tolerate as little as 12 5 mg and doses larger than 
50 mg usualh eithci ■\\oie not needed oi nere not tolerated well It is tme 
that some patients ‘who failed to obtain relief fiom 50 mg doses might ha\e 
obtained benefit from larger amounts It is also true tliat some of those who 
obtained results from 25 mg doses without toxic effects ma-^ ha\c been relieved 
b\ smaller doses Tins is a phase of tlicrapa which ■will ha\c to be decided in 
the future However it is well to emphasize here that decapnTi succinate lias 
m some patients a highly sopoiific action and lai^e doses should not he prescribed 
to an individual without pre\ lous trial of smallci doses 

Of the sixtv two patients "with hay fever who obtained relief thirtv did 
so w ith 25 mg doses and 3 with 12 5 milligrams 

Side Actions — Of one hundred eighteen patients side actions to the 
diaig were obseived in tliirtv nine (34 pei cent) Of this number sedation or 
sleepiness was seen in thirty six In some patients this sedative effect was ven 
pronounced In one instance sleepiness and a feeling of numbness lasted from 
twenU four to thirtv six hours Usualh however the sedative effect did not 
prevent the use of the drug Nervousness was noted in foui patients and vertigo 
also m four Two patients complained of headache one of epigastric pain and 
another of an itching rash No sei ions or remote toxic effects hav e been noted 
after six months use of the drug 
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Table A I Antispasmodic Actimty op 2 PS, Atfopinf, axd Papaverine 
ON Isolated Rabbit Jejunum 


COMPOUM) 

1 MINIMAL EFFECTIVE CONCFNTEATION 

NORMAL 

1\TFSTI\F 

VS ACETYLCHOIANi: 

(1 1,000,000) SPASM 

vs Bad 

(1 10,000) SPASH 

2 PS 

1 50,000 

1 50,000 

1 100,000 

Atropine 

1 10,000,000 

1 80,000,000 

1 200,000 

P ipavcnne 

1 150,000 

1 100,000 

1 150 000 


Aiitiacetj Icliohne action was finther studied in cats anestheti/ed imIIi 
A invtal Sodium Intestinal aetivitj was lecorded Ba’’ a tamlioui connected to a 
balloon nisei ted into the je]unum, with a water manonietei in the si'stem to 
legulate intestinal piessnic Blood piessure was lecorded m the usual man 
nei from the eaiotid aiteiv The intestinal responses were standaxdized bv rc 
peated intiavenous in]eetions of 0 01 nig of acetjdcholine pei kilogiam, and 
no piepaiation was used unless identical consecutive i espouses w'eie obtained 
2 PS was then injected intiavenously and was followed by the standaid aectv! 
choluic injections at two- to foui -minute intervals 2-PS in a dose of 4 mg 
jHi kilogiain antagonized acetylcholine action on the intestine bj appio\iinatci' 
'lO jKi cent Twice this dose pioduced a slightly greatei inhibition The effect 
ol 2-PS on the blood piessuie icsponse to acetylcholine was not evaluated bincc 
m these expeiiiiients the acetylcholine doses employed were fai above niinmwl 
doses lequiied foi maximal responses in the blood piessure 

Blood Pics<t!()c a7id Respirahoji — Intravenous injections of 2 PS in cah 
anesthetued with Amvtal Sodium, given at a late of 2 mg per minute, produced 
a slight tempoiarv piessor effect with doses of 2 mg per Icilogram andeithera 
slight pressoi oi depiessoi effect with doses of 4 and 8 mg per kilogram 4 
lapid late of injection of 20 mg per minute produced a tiaiisicnt fall m blood 
piessuie with doses of 8 mg pei kilogram and a slight pressoi or depiessorre 
spouse wuth 2 and 4 mg pei kilogram 

Rcspiiation geneiallj wms increased tempoiarily in both late and depth 
wnth doses of 4 and 8 mg per Inlogiam regardless of the late of injection 
Smallei doses had no appieciable effect 

Itutaiion — ^2-PS pioduced no signs of nutation oi tissue damage foHo" 
ing citliei one minute instillation in labhits’ evms of solutions up to 4 percent 
01 the injection of 1 pei cent solution subcutaneouslv in guinea pigs and mlr'i 
musculailv in i its Subcutaneous and intiamuscular injections of 3^/: a*’ 
pel Cent solutions in rats pioduced nutation and some necrosis 


SUMMARY 

Experiments in lahoiatoiv animals demonstrate that 2 -[a-( 2 -dimethylamm'’ 
ethoxvO-ft-methvlbenzvlj-pjndme succinate (2-PS) has a comparatndy 'O" 
toxicitv and has potent antagonistic action to the effects of histamine on variou 
tissues 

It suppresses bionchial constriction lesulting from intiavenous injccim 
ol histamine in guinea jugs Following intiavenous administiation, h 
oni/es- m aveiage of up to 200 lethal doses of histamine and prevents dc'' 
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111 some animals from 320 lethal doses A high degiee of antagonistic action 
also follows subcutaneous and oial administintions m guinea pigs, and the 
protects e action is of long duration 

2 PS cffectnclj antagonizes aitenolai constriction and piessor effects of 
Iiistammc in labbits and it also antagonizes the depicssoi action of histamine 
m cats Effective doses of histamine foi these two vasculai effects aie increased 
roiiglil} fifteen to thiitj fold 

Cutaneous effects of histamine, as ineasuicd b> the whealmg reaction in 
labbits, aie antagonized The inciciscd capillii} penneabilitv demonstiatcd 
b} localization of intiavcnousl} injected dje is pievcnted foi eight oi more hours 
following a single dose of 2 PS oially 

2 PS has considerable local anesthetic activitv and it is weakh antagonistic 
to acetjlcholme 
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ate capable of nJeinal and CAleinal aaenfs 

meehaiHsni niduee a lof piessme Oidinanlv honieoslata 

lestiaint ^ lestmatue mechanisms aie eithei mofi'ectne oi m 

< 

uato?’TlTs''thrnV’”^^"\*‘'’"* mechanisms is constitiiled In tlio laol 

I'le^-suH Iinostmat.T''TT" ’■' inoloiiRed cleN.ition m 

Bakd,' 'Jooie and AlT *= ^ eaiotid snnis stimulation In Weiss and 

's rapable of 'neale t Thomas’ base demonstiated that this niechanisii 

noiS poison intTTTrT peitoiisive poison than in llio 

m the efiectnoness of ”"1 ‘'‘’^Gained 1117101 tension is not due to a icdmtion 
foi TsciilT lol w This caiiacli 

Vilen ind co woikeis"^ *'i foiifiimed In a nnmbei of iiidopeiulcnt inelhofh 

.inosihesia Chasis md values appioachmpr noiiiial In spinal 

tile lasodilatoi notion of ’"^"ced pioloiified 1 emissions In iifiimnir 

eo-noilcrs-toT T stimulation, has been shown In Born and 

eltnaltd picssnie ninth is of gieatcst iiitensiti 111 suh]ec(s ind' 

In Usts desin'iied to meffectne homeostatic mechanisms is su"U'0sted 

stimuli PoiLs IT;' ' P--ns leact cveessneh to pie^or 

the use of nhich In 1 ^ piessoi test of Hines and Bioun 

IToneici c\aL'"eia*tedTfs pi eln pei tensive indnidinh 

Inpeitensno panGnts L ' be demonstiated consistciitb i» 

tension duo to chioni ' TT" Kissin" and noie found absent m Ini'ft 
Rmiik-i' T)io nso f disease In :trillei and Buigei« and Alam and 

tension in incfnnnT i.T Pi edict the snbseijneiit ocennenee of In pet 

and Welloii ’ ' ‘‘t^^i^tnptcd without success bv Cheslei and Cheslei 

stiatedfoi boili no.nnr'^'^m tif Iniicuoaction nitli age vas demon 

maikcd lai labilm of ro‘ ''' I’^^itcnsuc sub,]ccts by Pnssek and Zohmaii ’* idide 
m studies eondiu tod on lepelition nas repoited In Goldi mu and Ciiafl' 

«m tod on tlio same subiects m e, a period of 1 eai s ’ n . The sum 

n^cohMl for publkntfon D. c 12 1,47 
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\DRnN\UN I\ RFLATION TO SUSTVINFD I RESSURF FLnVTIONS 3^3 

of these imestijrations indicates that a geneial i elation between the le\el ot 
blood pie'isuic and tlie lntcnslt^ of the cold piessoi lesponse has not been 
demonstntcd 

Tlie a\cia"c picssoi lesjionsi. to bic ith holdintr was icpoited b^ AMiian 
and Goldslunc^® to be two to Join times gicatei in Inpcitensuc jicisons than 
in noininl indnidunls irowc\ei 20 pci cent of then noimotensnc subjects 
weie hj7)eiieactois Pcldt and WcnstnmP coinpnied the leietions to Ineath 
boldint; and cold in the same indniduals Coiichtion was alisent in moio 
than 25 pci cent ot the gioup 

The inteipictation of the (old picssoi bicatli holdnv and simihi tests 
js complicated In the leflex natnu of then action Vs a consequence ^alntlons 
in the jiatteiii of lesponsc cannot be asciibcd piimuih to diffeienccs in the 
(apaeih of the cai dio\ asculai appaiatns to compensate foi a fixed stimulus but 
ina’\ lie due latbei to alteiations in tlio intensit\ and duiation of the discliaige 
induced In the ^allous t^pis of icflex piossoi stimuli 

The jnisent sluch was designed to dcteimniL whethei the pattern of ic 
sponse of the Inpcitcnsne poison difloitd si^nihcanth lioin that of the noimal 
indnidual when ciokcd In a picssoi stimulus winch In pissed the initial reflex 
arc Adionalin was chosen as the stimulus not onh foi its diiect action on 
lieait and teasels but also because of its rapid mnctnntion It was decided to 
gi\c the dnig ht continuous infusion at \arions lates since this ttpc of ad 
ministration allows licttoi dosaj.c contiol atoids difteicneos due to I’ate of 
'ibsorption and local season stimulation and facilities cquilibiiiim between 
the picssoi actions of the diug and the depicssoi mechanisms of the subject 
PiCMous iinostigatioiis of the action of adicnnlin as modified bt the initial 
piessine lunc been pioductuc of sailed icsults Tlie snbentancous injection 
of 1 mg was icpoitcil In Clougld* to jiiodiice n gicatei incidence of cxcossnc 
reaction in Inpeittnsue subjects ITowcsei these leaetions did not seem to 
be lelated to the t^pt, extent oi dmntion of the picssuie elcsation On the 
contian intiascnous administi ation of single doses In Hongaids^*’ produced 
responses of the same magnitude in iioinml dogs as in those whose picssiues 
Ind been signifiiaiith lowcied In ndiciial decaiisulatioii rontmuous infusion 
ot adienalin at the latc of 2 in,, pu houi was lepoitcd In iCoehloi and co 
workLis’° to pioducc a use ni sAstolic piessiuc hut a fall in diastolic piossuio 
ui both noimal and Inpcitensne peisoiis Both the s\stolit use and the 
postinfiision fall in jiiessuic wcio said to he gicatci in suhiLCts with ele\nted 

piexsnic 

rXPFRIMFNTM AtFTIIOD 

V tolnl of eiglitj stu(lic«i earned out oii thirtj nine male and tuehe fpnialc suli 
lilood pros'^uri”’ raufjed from no to 24(» mm Ifg ^‘»tolir and from “jj to 12G nini 
diastolic Tlip nge di triliution i dotailwl in Table I 

Initial blood pre^ iirc and pul i ^nlup*! wore o t*ibli'»Iiod during the ndniinistration of 
'"'lime through a three \\n^ atopemk lonneited to a cahbrUed drip apparatus The stopcock 
turned (o pornut mfu inn of tlie adrenalin Holutioii from a fln>»k suspended 300 cm above 
die individual 

1 ul p nnd blood pre ure \alu«a wire detennined cverv tlirce to fi\e minut("4 during the 
<‘ourae of the mfu ion pver\ one minute for the firat fifteen minutea after the mfu ion and 
•It Icngtlipning mtennls throughout tlie next twehe Iioura 
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Table I Age Distpibution op Adkenalin Infusion Subjects 




AGE (YR ) I NUMBEP OP SUBJECTS 
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RESULTS 

The sequence of events in the couisc of Tn adiemliii infusion is illustrated 
111 Fig 1 During the fiist feu inniiitcs t period CMsted in wliicli the incomuig 
lulienalin solution uas diluted bt the saline in the tubing winch connected 
the stopcock to the infusion needle In this peiiod the si stolic piessuie, diastolic 
pressure, or botli ordmanh manifested a fall folloued bj a shaip rise when 
undiluted solution leatlied tlie cneniTtion Tins use usinlly elevated the 
sjstobc and occasionalh the dnstolie prcssiiie ilioie flie ineinfusion laliie 



1 — Tile effects of a contlnuou** Infusion of adrenalin on pulse rate and hlood pres 
®ure (Subject J C) Solid circles systolic Wood pres ure open circl s dla-?tollc blood pres 
sure dotted line pulse rate 


An increase in the late of administritioii pioduced a fiutliei rise in s\ stolic 
diastolic pressures to a ncAv maximum in one to thioe minutes Tlie net 
result of succcssuc incicascs in dosage ^\‘ls a stcplike curtc of piessuic change 
In most instances infusion of adiciialm losiilted in cardne acceleration 
(Table H) The inciease m late usualh mast marked at the lo^^est dosage 
r^nge t\hcre it appealed louglih propoitional to the initial pressure Less 
l^ian 25 pei cent of subjects manifested at an\ time a fall m rate bclou the 
preiufusion value 
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lollowing cessation of infusion both ststolic and diastolic piessiucs 
dioiiped abriiptlr A minimum IcncI uas icaclied usualh In the tenth and 
not htei tlian the fiftecntli minute after clamping the infusion tubing Tlicse 
minimum leiels ueie louei than the initial blood piessiire leieK in all but one 
instance and i\ere accompanied b\ caidiae accelention 

Results of Repeated Infusion — Obseiiations on tlie diminished effectnc 
ness of chionie adienalin admmistiation iii allergic disoidei-s, coupled uith 
icpoits of dcsensitiration phenomem in patients treated foi aiiNieti states li\ 
icpeated adi’cnalin adminustiation, ’ piompted a studs of the effects of daih 
iiiliision 



. , h H blood pressure respon es to dallj Infu Ion of ntlrcnalln (Subject J 11 ) si,( 

<.im, teniponil cquence For clarlU the curves of even secnrid 1 1 > onU are 

"own Solid circles s> tollc blood pressure open circles dla tollc blood pre urc 


Tue subjects ucie used in tins poition of the imcstvation (Jiie uas 
Jiifusod on tuehc succossne da'vs i second on ten aiiothei on four and tuo 
on tlucc da^s Dc.s])itc some -Mintion in the initial loxel of blood jiicssuu 
fiom dn\ to da\ the slopes of the piessiuc icsponse ciincs appeared almost 
identical uithin limits of the cxpcimicntal method n-s illusti itcd in Pi^sS 2 
oncl 3 Poi claiit\, the cunos of altcinnlp da^s onh aic piescntcd 
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Although objective responses lemained leasonabh constant, inciease in 
the subjective limit of tolerance was maikecl The patient infused on tuelve 
days accepted a dose on the last dav winch was ten times laiger than that 
tolerated on the first dav 

Net Pressure Changes in Ifclatwn to Pi ctnfiisioti Piessuie — The action of 
adrenalin on both systolic and diastolic ptcssuics was chaiactenzed hi a wide 
range of variation between individuals in the same gioup 

A mean rise in systolic pressure m all gioups at all levels of dosage was 
produced as illustrated in Pig 4 The piessure eunes tended to parallel 
one another despite the diiferenees in initial tension 

At the lowest level of dosage a mean fall m diastolic blood piessuie was 
observed which was more marked the highei the initial pressure Siiceteding 
mciements in dosage produced a rise in piessuie at a late loiighlv paiallel in the 
four pressure gioups 

The diastolic fall at low adienalin dosages in the face of an inciease in 
pulse rate suggested that svstolie elevation was achieved through cardiac stimu 
lation which overbalanced a eompensatorv diop in peripheial resistance Such 
a diop in resistance might have lesulted fiom moderator neive activity alone 
or 111 conjunotion with a direct dilator action of adienalin Whatevei the in 
hire of the compensatory mechanism, its value was limited to much the same 
extent in aU groups as evidenced bv the transition to diastolic elevation at 
dosages in eveess of 0 30 gg per kilogram per minute 

Unit Pressuie Changes in Relation to Pieinfusion Piessure — The rise in 
systolic pressure per mierograin of adrcmlm tended to correlate both with 
increase in pulse rate and with piemfiisioii svstolie piessuie over a restricted 
range of initial tensions, the upper limit of which lay between 180 and 200 mm 
Hg However, when the unit systolic changes over the entire range were com 
pared on a group basis (Table III Pig 5) the difTerences in mean response 
between groups did not piovc significant The t values for the differences 
langed from 0 45 to 145 

ac III cniNQFs IN Blood Pfessufe in Relation to Initial Diastolic Blood Pfessupe at V afioi s 
Rates or Adfenalin Aduinistkation 


A CIIANOES in unit 

SYSTOIlC BLOOD PRESSUrE (MAI IIO/liO/KG /VIIN ) AND STANDARD DMIATIOV 


imtiai 

1 INITIAL 


nANOE 

OF ADRENMIN DOSAGF (pO/KO /MIN ) 


y R\N( L 


Httlilitil 




iminiaTM 

I 

1 



132 

■MMif 




ikhih 



a yn 

134 

137 + 132 

103 + 65 


99 + ''3 

74 + 14 

77 + 13 

07+1 


176 

91 + 86 

93 + 93 

83 ±48 

69 ± 12 





207 

i>9±67 

79 ±46 

54 ±34 





Tapi 


iliTiWiM 


liliMifcM 

■MiCIM 

09134 

69130 

57 ± 12 



1 


D CHANGES IN UNIT 







iiQ/fta/KO /snv ) and 

STANDAt D 

DEAIATION 

''ITIAL 

I^TnAL 


■■■SSES 



f HASOE 

DBP 

0 13 0 30 

1 0 31 0 50 1 0 51 0 70 

1 0 71 0 90 

1 0 91 1 10 1 

3 11 1 0 

1 1 31 1 50 


65 

-11 + 36 

1 + 23 

9 + 17 

33112 

30 + 8 


3514 

uo 

81 

-14*33 

0 + 28 

S + 7 


21+5 

1719 

16 + 3 

KIlUIH 

9S 


5 ±34 

lo±24 

1 + 22 





321 


-28 + 26 

-15121 





nif-e 


-19 ± 33 

-2 ±29 

9 ±19 

12 + 13 

1717 

lG + 8 

15+3 
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Wlien tlic degiee oi aetivitA' at vanous dos<iges was coinj)uted, i( bet.imc 
OMdent tliat adienalm Mas decieasmgh effective in its abilih to elciate llic 
sistohc piessnie as the latc oi administiatioii ivas incieased The oiei all unit 
1 espouse was hahed vitli a sixtold use in dose, ivhile the maMimim icsponst 

Mhicli a\eiagcd 306 mm Hg pei mieiogiam, ivas obseived at tlie lowest dosn-e 
iant>‘e 


CH/BP 
MM HG 
/MCG 



('ompaiison of changes in unit diastolic piessuie (Table III, b, Fig ') 
' < lodiistiated a fall at tlie lowest late oi administiation wdiicli appealed m 
' ' ^be initial picssiiie, but the coefficient of coii elation 

t )) was not significaiit Sueceednijr jnc] eases ju late lesulted hi a 
1" a iiia\iimim saliie oi 37 mm Hy pci miciogiam at an aieiairc dost of 
3 <• /<g pti kdogiam ]iei miiuite a lalue which sliowed little fuitliei cii.ingo -d 
>1,- HI dosage k\els wheie a eomjiaiison between gioiijis was possible 

Attei illowance was made loi the wide lange of indnidiial laiinlioo 
1 leio w<is CMdent a common pattern ot leaction ehaiacicii/ed In laossiic’ 

I '•''“k'os similai 111 diiectioiis and maanifiides in each of the foni picssiiie iponi'' 
lilt 1 ciont in the piessuie base lines fiom which ]iio]cclcd 

lificefs on ihc Si/‘!fohc-Du(>,fohr Putsiac /fcffdmiis/iip — The siniilaiil' of 
the unit piessuie ebainres in each gioiip suggested that adienalm was iiiodif'i'^ 
some icatioiiship between scstolic and diastolic piessure which was Inis' 
independent of the absolute height of tlie piessuie To exploie this pasMhilil' 
ca cu atioiis weic in ide oi llic toiielation coefficient between s*stoli( and dn 
tolie piessniis niifiallc and at each dosage Iccel The calne of the (oenicif”’ 
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(Tnble IV) ‘i\ciajred 0 80 which imhcattd tiu pioh tint the \wo pus 
hUios ueic lelnted In a Innh const mt tnctoi The nine.iiitiu]o ot this factoi 
nas estimated 1)\ deteimiiiiii*, tlu sasIoIu dinstoht latias at oacli latc ot admin 
ist ration 


T\ble I\ Coppelktiov Between Svstolic vnd Diastolic Broon PiEhbUPFs \t A \rious 
Rates 01 VnrFsvriN -VoMiMbTi muv 


lOSMF 1 \V«E (/il/KO/MlN) 

<orpFrvTioN coFFJKnsT 

0 

0 S17 

0 1T0''0 

0 754 

0 t 050 

0 70j 

n 51 n 70 

0 7S1 

0 71 0 00 

0 S14 

0 01 no 

0 71S 

1 11 1 0 

0 SS5 

1 ul 1 50 

0 s _0 

V^ empt 

0 SOO 


The ])uinfusion ntio a^cl i^^cd ]7±027 and did not \an nnttiialh 
amon^ tlie foui piessuic ^loujis The si/t ot this latio was somcwlnt smpiis 
iiM foi Its Gallic at noimal pussmcs is usualh stitid to appio\innte 1 'i 
^ ‘ while the incienscd pcuphoial lesistanct in InjioitiiisiM subjects is 
p\l)octcd to exap^gei itc the diastolic piessuio^ and Mold a latio lowti than 
normal IIowG\ei, a calculation ot this latio fiom data lepoited In ^tedo 
Toi a giouj) ot thut^ nine patients whose blood jiiessuus langtd fiom 04 nun 
Ilg s^stollc, GO mm diastolic to 262 mm s\stolic 1 04 mm diastohi gau an 
non^o \aluo of 1 72 ± 0 10 Siiml u calculations weu imdcfiom Goldiingand 



Flp 6 — Utrape change in > tollc din toUc ratio procliic d h\ ndrennlln In aiibjecl 
RDupeil on the ba<?l3 of Initial clln lollc pron ur< ‘JIzc of circle Inlicnt s th nlnti\ nugnl 
•lie of th» Initial bio <1 |r jir rang 
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Clwsis data’ '? *'-’'jeIatne to fiiiv-sts: patients with mild to seieie Inper 
tension The ratio oi this latter group averaged 1 59 ± 0 19 foi both mminratn 
and nia\iniuni iveorded pressures 

At the lowest rate of adrenalin administration, the systolic diastolic wtio 
in the present senes increased to an average value of 2 21 + 038 This new 
lalue was also similar m all pressure groups and tended to reiiiam constant 
nith succeeding increments m dosage These lelations are illustiated in Fig 5 
and their variability indicated in Table T The t lalue (9 78) foi tlie di( 
foienee m ratio beiore and during infusion at the lowest dose lauge indicatel 
the change to he highlv significant 

Tiitii V s\<?rouc Dustouc Pivssr'^ rs Relation to Imtlvl Divstouc Bioon PFiAnt! 
^ colors R WTS OT ap-xsaun Ativdcistp enov 


EAKCr AI'LZSVLIS IN'S\GE (pG/KG /\IV\ ) t 

0 ,011- O-TB ’’ n - ’ '’-ai - 0 to 0 a - 0 oQ jo 91 - 1 10 |i It - 1 30 1 i tnT 


iMTtu nnr 
I WO! 
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(Ta])Ie IV) ‘i\cia^Ld 0 80, ^^hleh indicated the piobal)!lit\ that the b\o pies 
sures ^\eie related bj a tanh constant iactoi The magnitude of this factoi 
MILS estimated b'\ deteimining the s\stoIic diastolic latios at each late of admin 
istiation 


Tvble n CorpEiATioN Between S\stouc vnd Divstolic Biood PrEssurts \t Vvfiols 

R\TES OF VarENAIIN \l>lIIMSTr \TIO\ 



pos\rF pescF (fic/Ka/m\) 

roirrrvTiON coeffipifnt 


0 

0 817 


0 11 n ao 

0 75-t 


0 '’1 0 50 

0 70o 


0 51 0 70 

0 /SI 


0 71 0 90 

0 S14 


0 01 1 10 

0 71S 


1 11 1 10 

OSScj 


1 31 1 50 

0 S29 


A^ ernge 

0 sno 


The prunfusion latio a\eiaged 17±027 and did not ^al^ matcinlh 
among the four picssuie gioups The si/c of this latio w is somewhat suipris 
ing foi its ^nluc at noimal picssmes is usualh stated to appio\imate 1 i 
r 12 23h the incieased penpheial icsistancc in InpcrteiLsuc subjects is 

c'tpectod to exaggeiato the diastolic prcssuic * and Mold a intio lowei than 
noianal Howeici a calculation of this latio fiom data icpoited In Steeh 
foi T Rioup o£ thirty nine patients -nhose blood piessurcs nnjied fiom 94 inni 
Hs systolic, CO mm dnstolie to 2fi2 mm sistolic 3C4 mm diastolic (nio ni 
Iterate saliie o£ 1 72 ± 0 10 Similai calculations ncic made fiom Goldimpt and 
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Ohasis data^' lelatl^e to fifty-six patients with mild to seveie In per 

tension The latio of this lattci gioup averaged 1 59 ± 0 19 foi botli minimum 
and maximum leeorded pressuies 

At the lonest late of adienalin administration, the systolic-diastohc ratio 
in tlie present series inci eased to an average value of 2 21 ±0 38 This new 
%alne nas also siniilai in all pressme gioiips and tended to remain constant 
mth succeeding inciements in dosage These relation? are ilhistiated m Fi" b 
and their vaiiabilitv indicated m Table V The t value (9 78) foi the dif 
feienee in latio betoie and dm mg infusion at the lowest dose lange indicated 
the change to be highlv significant 


U'ABLE Y Systolic Diastoi ic Pcesslee Ratio ix Rflattox to iNiTiAii Diastolic Blood PrL<;sm 

Vapioos Rates oi Adrexalix Ad jiinistp ation 
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—The relation between Initial s>stolIc pressure and Oie postlnfuslon fall below Initial 
pressure The lines of loffresslon from the X and 1 axes are Indicated 


CH/BP 
POST 
INP • 


/o 


O/ 

O or ,D- 


0 cP o o 

'o ®° °® 

/ o oo ^ 

' O yOD O O O 6 

_ O / - 


§ cP o° / o 

S oo ^ 

0 / o 


S5 70 es *00 IIB ISO 

INITtAL OBP (MM/HC9 

8 — The relation between Initial diastolic pre sure and the postlnfuslon fall below initial 
Pressure. The lines of regression from the ‘V and 1 axes arc Indicated 


iRiniiiuim piessures came iMthin tlie lange usunlK associated shock E\ 
cept for tachjcardia, liotveter no other sipis of shock were noted The subjects 
remarked about a sensation of heat and nnnifostcd a widespread \ asodilatation 
a generalized flushing of the skin Tilting during the stage of blood pres 
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sale depiession ^\as followed by eonsideiable acceleiation of the pulse late and 
in one instance In sine ope Tlie leae^^ions to tilting neie siniilai to the ones 
nhich follon bleeding “ 

The cause of the postinfusion diop in tension to siibnoimal lei els is ques 
tionable The depiession of piessme in association -with eiidences of inso- 
dilatation suggests a tempoiaii peisisteiice of compensatoii vasodepressor 
actiMti, eithei neiions oi luiinoial The piesence of postuial lasomotor 
leflexes makes it anlikeh that adienahn blockage of simpathetie gaimlia’ is the 
lesponsible iactoi The tendenci of the Inpeitensne siibiects to displai a 
mole maiked postinfusion piessuie depiession accoids uitli the lesiilts of 
caiotid sinus stimulation^ 

The possible lole of blooel lolume changes is consideied in eoiiiiectioii lutli 
blood concent ration 

Alfiuitums in Ilcmoconctntiahon — Two jiotential niechanisnis exist bi 
wliicli adienahn might altei blood eoncentiations The fiist imolxes splenic con 
tiactiun lollowed bx extiusion of seciuestiated led cells and an incicase in tlicir 
IHicentasic m the cueulatmg blood-"" The second possibibtr inipli 

cates hakacte ot plasma thiough eapillaiies made iiioie peimcable In stasnant 
aiioMa following piolonged xasoeonstiiction 

These ]iossibihties xreic studied bx using the hematociit xalue as an mdi 
eaten ut blooel coneenti ation Tlie lesults of deteiminations made duiuis and 
attei iiilusion weie eompaied xxith the initial x allies No significant cliaiiic" 
weie demonstiateel at eithei stage within the lange ot dosage used (Table MI) 

The constanex ot the hematociit xalue makes it iinlikelx that tlie post 
inlusioii blood luessuie depiession displaxed bx the subteets of this imcstigatum 
was due to a leduetion in plasma xolunie eoiiipaiablc to that piodiiccel m doc's 
In Flee man and co-x\oikeis tliiougli admnnsti ation of adienaliii in sliod 
dosasie s - ' 




TeBit XU Effpcts e)F Ahfen xlis Infusion on Bmon Concentfc 

UFII MOCI IT X lEEF (XO' '7') 


TIXtF 


Aifranc I'aluet 


( 1 ) Before infusion 
( J I During infusion 
( I Vftor infusion 


19 

40 

39 


Stamliuil Dnieifiom of the Diftrrenct'i in Mean Jlrmatocrxt Value Dunnti aiul !< 

Jii/iisioii ns Comiiar td ntfh Brein/nsio ii ylificic/e 

a <ll nn<l (2) ~~~ 

■1(1) end el) 



SCXniVRY VXD COXCLLSIOXS 

Aelministi ation of eiglitx eontinuons infusions of adienahn to fiftx 
leets exoked a common pattern of sxstolie and diastolic lesponse of all ranges 
initial picssnic . 

The coiiclation between the height oi the initial piessuie and the 
ol tlie siibsecpieiit jiostinfusioii depiession pioxides additional data 
xasodditoi eapaeitx of the lix jieitensixe indixidual is enhanced latbc*’ 
chmuiished 
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The sum of these icspoiiscs to uhcnalin tojjetliei uith the extent of the 
fall pioduced ciiotid sinus stimulation spinal anesthesia pMo^ens and the 
tetnctlnlammonium ion indicates that ‘ fixed In pei tension in the sense ot a 
pressiue ele\ation incapable ot mateiinl leduetion is a concept of qiiestiouable 
^eallt^ On the coiitian the acciiimilated evidence demonstiatcs the avail 
abilitv of eompensatoi\ ineehanisins in the hvpeitensnc subject and the eapacitv 
of the vascular appai itus to lespond effeetiveh when these mechmisms aic 
propel h stimulated 

The existence of prcssiiie elcv ilion in the piescncc of potcntiallr efteetnc 
restoiativc mechanisms suggests that sustained hvpcitension is associated like 
fe\cr, with an upwaid shift in the base line fiom wliieli the homeostatic meeha 
iiLSins aie opeiative The pioblem ahead is to detcianme the fnetoi oi factois 
lespoiisible foi the elevation of tlie piessure hisc line to this new level 


REI Cin-NCES 

1 S nTid Baker J P Carolid Sinus Rifle\ in Ilealtli and Di ease It Role in 
Causation of Fainting nnd Comail lona Moilicine 12 J07 aa4 10 S 

2 Afool-e F If nnd Allen E t \ asctil ir Clinics Carotid Sinus m H\i)erten ion Pro 

Stall Meet , Mayo Clm 13 747 751 lOIS 

Tlionias C B Fxperiniental H\per1ension From Section of Modirntor '\ir\cs ReH 
tionslnp of Acute Pre sor Re pon e to De^cloImlent and Course of ( lironii II\pei 
tension Bull Johns Hopkins IIosp 74 at>5a<7 1944 
4 Allen E ^ Lund^ J & and Ad on A IV Prcopcrative Prediction of Effects of 
Blood Pressure on Neurosurgical TreUment of H'pcrtenion Proc Staff Meet 
^^a^o Chn 11 401 400 lO**!! 

0 Grogorj R and Levin It C Studies on llvpertpnsion Effect of Hi^li Spinal 

Anesthtsm on Blood Pres^uit of Patients With Hypertension nnd Far Wcanced 
Renal Disease — Its Possible Relationship to Pithogen sis of Hvpertcn ion T Lvn 
L CriN Mm 30 10 7 104 1<»45 

fi Cliasis H Coldnn^ W and Smith 11 W Reduction of Blood Pre sure V ociated 

With P\rogenic Reaction in Hipcrtonsivc Subjects J Clin In\ estimation 21 
09 170 1942 

7 Berra Robert L Campbell Kenneth M Lvons R II Moe G K and Sutler M R 

The Use of Tetrnetlulaninioniuni m Peripheral laiular Di ease and fausalgic 

States Surger\ 20 >Jo ola 194b 

1 Times E \ Jr, and Bronn ( F Standard Te t for Mrnpunng ^ urinbilit\ of Blocxl 

Pre sure Its Significance ns Indev of Pro nv'pertensi\ e State Ann Iiit Med 
7 200 217 1933 

9 Pickering G W , and Kissin M Effects of Adrenaline nnd of Cold on Blood I re sure 

in Human HyTiortension Clin Sc 2 201 20* lOlo 
in Miller J II and Bruger Cold I rcssor Reaction in Normal Subjects nnd in 

Intients With Priman (Es ential) nnd S<Tondnr> (Renal) n%perten ion Am Heart 
T 18 129 " 3 10 0 

11 Uani M nnd Smirk F H Blood Pressure Rni ing Reflexes in Hcaltli F ictial 
H\'pertension and Renal Hvpertension Clm Sc 3 1j0 2(»(i 101S 

I** Clicsle\ I C and ( he le^ F R Cold Pressor Test m Pregnnnc^ Surg C^noc &. 
Obst 69 4 G 440 ]0 0 

11 Wellen I Quoted tiv Goldring and Clmsis 

14 Ru ek H I and Zolinian B I Influence of Age Upon Blood I res are Re pon e to 

Cold Pres or Test Am ITinrf J 29 11** 119 194o 

10 Coldring William and Clm is Herbert H\i»ertcnsion and Ihpertensive Di case New 

kork 1944 The Commoiiwcnltli Fund 

If Avnian D, nnd Gold hine H D Breath Holding Te t Simple Standard ‘Stimulus of 
Blood I ressure Aich Int Me<l 63 SbD 90(> 1919 
L leldt E II, and Wenstrand DEW Cold Pre or and_ Breath Holding Tist 
Analysis of Results m 200 Subjects Areli Int Med 67 115" IKiI 1941 
I*' Cloiigli P W A Studv of the CardiovasLulur Reaction to Fpinoplirine Bull Tohn 
Hopkins Hosp 31 2ro 19_0 

19 Hniig.iril\ A De I action li>pcrtensi\e dc Indnnalme rlicr k cliun Inpotcnlu par 
(kcnpHulation Compt reml Soc dc biol 113 119j, 1 > 



346 


GRFEX JOHNSON, LOBB, AND GUSICK 


20 Koehler, A E Marsh, K , and Hill, E The Effect of Epinephrine Injected Intn 

renouslr at a Constant Rate in Normal and HvpertenstTe Cases, J Biol Cliem 119 
LIX, 1937 

21 Green D M PheochromocTtonia and Chronic Hypertension, J A M A 131 1260 

1265, 1946 

22 Cameron, D E Adrenalin Administration in Persistent Anxietj States, Am J lied Sc 

210 281, 1945 

23 (a) Best, C H, and Taj lor, N B The Physiological Basis of Medical Practice, ed 4, 

Baltimore, 1945, The IVilliams and Wilkins Coinpanj 
(b) Herrmann, George E Simopsis of Diseases of the Heart and Artenes, ed 3, 
St Louis, 1944, The C V Mosbv Companj, p 153 

24 11 iggers, C J Physiologi in Health and Disease, ed 4, Pliitadelpliia, 1944, Lea and 

Febiger, p 644 

25 Steele, J il Comparison of Simultaneous Indirect (Auscultatory) and Direct (Intra 

arterial) Measurements of Arterial Piessure in Man, J Mt Sinai Hosp 8 lOP, 
1942 

26 Green, D M , and Metlieni , D Tlie Estimation of Acute Blood Loss hi the TiU 

Test, Siirg, G\nec 43 Obst 84 3045 1050, 1947 

27 (a) Marrarzi, A S Adrenergic Inhibition at Sympatlietic Synapses, Am J Phi'siol 

127 73S, 1909 

(b) Bulbriug, E , and Burn, J H An Action of Adrenalin on Transmission in 
Si mpatheti Ganglia Which Maj Plaj a Part in Shock, J Plij siol 101 2S9 303, 
1942 

23 M atson, C J and Paine, JR A Study of the Splemc Venous Blood With Partnular 
Reference xl e Hematocrit Percentage and Hemoglobin Concentration of the 
Enthrocvtes Before and After Splenic Arterial Injections of Adrenalin, Am J M 
Sc 205 493, 1M43 

29 Fieeman, N E, Freedman H, and Miller, C C The Production of Shock h) the 
Prolonged Continuous Injection of Adrenalin in Unanesthetized Dogs, 4ni 
Phisiol 131 145 55 3, 1941 



THE EFFECT OF OPERATION AND ILLNESS ON CLOT RETRACTION 
DESCRIPTION OF A NEW METHOD 


John S HinsciiBOECK 31 D 
illLWAUKEE, Wis 

L AJIPERTJ 111 1935, indicated tite possible lole which accelented clot retrac 
j tion maj pla} in phlebothiombosis and piilmoinn embolism Hu*schboeck 
and Coftej ha\e recently demonstiated that a shoiteniii" of the clot retraction 
time occurs m patients who ha\e had a lecent pulmoiiau embolism Because of 
the cliflSeultj lu obseiMng the end point in the usual blood coagulation and clot 
retracting tests, it was decided to seaieli foi a moie simple and decisne method 
of obsenation The coagulation letraction test herein dcsciibed has been found 
to be more useful than the oldei metliods and was used in obtaining the data 
for this leport 

Clot retraction is dependent upon thiomboc%tes suiface foices el\thloe^te 
mass and qualitntne and quantitatne \ariitions in fibiin Othei factors as 
yet lmkno^vll, also ma} influence tlic pioccss It is common 1 now ledge that clot 
retraction is gicatlj delated oi does not octui when thiombocMopenn is pres 
ent Thromboej tosis is, on the other band, associated with rapid clot retraction “ 
It IS not known how the thrombocytes actually participate in the phe 
nomenon Tocantins’ explanation that the agglutinated, disintegrating thrombo 
cjtes which collect and adhere to the fibiin strands fuse with adjacent throm 
bocjtc masses thus causing the gradual pulling together of the fibrin mesh, has 
been widelj accepted ^ 

The surface with winch tlie clot is in contact greatlj influences the retrac 
tion A collodion surface is completelj inhibitory * Pnafhn methyl methaerv 
late an i other watei lepellant materials which inhibit coae,ulation also more or 
less inlibit clot ictractioii The surface of the ^osculal endothelium apparently 
exerts a similar effect These sui faces may net because of their ability to inhibit 
platelet agglutination or because the fibrin becomes moie firmly attached to the 
surface ® 

Eiythrocy tos influence clot retraction in two ways Fust, when the con 
centratiou as measured by the hematocrit is abnormally great, for example 
80 per cent (a yalue frequently seen in congenital heait disease yvith chronic 
anoxemia) clot retraction does not occur The mass of erythrocytes whieli 
incidentally, has an entirely passu e role in coagulation limits the degree of 
retraction by the yolume yyhich it occupies ui the clot Second when the 
erythrocyte mass is large the plasma yolume and hence the total amount of 
fibrinogen, is propoitionateh small The opposite condition preyails m anemia 
Here the small erythrocyte mass interferes less with clot retraction and the clot 
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contains nioie fibuii because ot the lelatnc oi e\eu ilisolute Inpeifibiino 
^enemm Tims anemic blood e\bibits a tciulenc\ to^^^ld inoie npul and exten 
sne clot letiactioii A hbiinOf^cn tnctiou A\hich ^ieatl\ accclei itcs el\tlnoc^tc 
sedimentation nid is coineited into lapidh leti ictiiv tibiin (conti actinogren) 
ma\ be piesent lliese qinlitatne and qiiautitatne incienses m fibrin which 
occui duiiiir. illness aic icsponsiblc not onh foi nicieasiiij. the i ite of e^^lhlo 
cite ‘'Cdinient ition but ilso foi piodncin^ dcnsci and inoie letiactile clots 

A stiuli of the thiombotic diathesis oi as some jncfci to sn Inpcico 
noUlabiliti must include nioic than the nicie me isiiiemcnt ot co ic,ulatioii tune 
A method iiliich Mill meisiue indnecth the combined eftect of ineniia thioin 
bocitosis and Inpeifihiino^eneima in addition to am othei factoi mIucIi nui 
express itself in a shoitencd coagulation time, should be \aluable Eailiei 
obsenations ot tlie clot letiiction time foim the bisis loi much of tbe piesent 
norit A nen method usnip, capiUan blood lias been deiised It has the id 
\antaf,(s ot olmunatnig iciiipunctiiie and ot liaMii^, a moie piecise end point 

aiLTIIOI) FOR DCTEinilMNG TIlL Cl 01 RLTIUCTION TlML IN CASTOR Oil 

The skill of tlie fingei tip is cleansed Mith alcohol and a punctuie 3 mm 
deep IS made Milh i No 31 Bnid Pail ei bl ide Mith i coil punid set 3 mm fiom 
the tip The time is lecoided Mhen the si in punctuie is made Tmo samples ot 
blood (20 cmiu each) aie diawn as qiiickh as possible into Salih heiuoglobmom 
etcr pipettes The same pipette maj be used foi oncli sample if tlie blood floMS 
freely and tlie aspiiation is done cjuicih Fnch simple of blood is suspended 
111 a scpaiate test tube filled Mith castoi oil U S P m the folloMing maniiei 
The blood is expelled iiom the pipette ns a laic^c single diop mIucIi is planted 
on tlie ccntci of tiie oil surface b^ touchiiv the tip of the pipette to the oil The 
diop Mill settle into the oil and hang h\ suifacc atti action to the meniscus 
Castoi oil M IS selected because its specific giaMt\ it loom tempcratuic is al 
most tlie siine as the specific of blood The tubes aie stoppered to pie 

^cnt c\ ijicnition fins pioceduie should not take longer thin tMent^ seconds 
Imo samples aie used for purposes of contiol Jf the clot letractioii time is 
not equal oi Mitlim tliiee inmutes of bcitv equal in both tubes the test is re 
pelted This is seldom neccssaiM Tlic tubes aie placed in a lucl at room tern 
Jioiatnre and aie obsened at the end ot ten fifteen and tMcnt\ minute peiiods 
llie end point of coagul ition is not deteimined Tlie beginning of clot letric 
tinii is established Mhen a Msible dimpling of the clot suifacc Mith extrusion 
of a tim dioplet of SCI nm OCCUI s It is nsualh leidih seen because of tlie highh 
leti ictile oil blood inteitace This is tlie end point of the test Tlie droplet oi 
soium enlnigos until clot letiactiou is complete (1 igs 2 and 3) Foi imcstij_a 
tuc pniposcs the ])iepuitions Mere ol)scl^ed contininlh 

It Mas found tint iioimal iiidiMduals lin\e i clot lefraclKin time of 20 
nnniitcs oi lon^^ei the n^cIage being 331 minutes Clot letiaction times loiij^ei 
tiinn “)0 miiiutos MCie ohsened onh in tliioinhoc\ topenia and cnthremii and 
m pci sons Mitli a covulition defect The clot icti actum time ma^ fluctuate 
duiin^ the coui-sc of tlie da\ in some iiidiMduals The niOMiig of pitieiits in 
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FJe ^ — Throf t\ I os or 'ifriim hiids ohsci\rfl when a drop of caplllitj blood c a;;ii1ites and 
rotrnct<< in ca tor oil 


and out of bed lias been associated witli fiiictu itioiis ot inoit than 8 iiiiniitcs in 
some of tlie more senile indn idtials It is fliou^lit that this iiia\ he due to minoi 
variations m thiomhocjte levels The dot letiaetion time is shoiter it 37° C 
Variations in loom temperatiue have not appieciablv influenced tlie lesults 
Room temperature was selected foi the test bcciuse tlie diops of blood fie 
queiith fall in the oil at 37° C 



^ — Normal ^a^i'ltlons in the coa»?ulatlon retraction lime In a series of one hundred 
normal Individuals 

clot let! iction time w is deteiinmed in a senes of hftv iionnal men and 
hltv iiounal vvoineii Hospital attendants nurses ind medical students were 
used as subjects The mean dot letrnction time foi men vv is 32 4 minutes and 
for women was 31 S minutes oi H 1 minutes foi the c.roup is a whole (Ti^ 4) 
It was noticed tlint active meiistniatioii sli^lith shortened tlie clot retiaction 
time I levcn women liad a nieaii dot letiaction time of 27 fi minutes durin^ 
'i^tut menstruation and 34 7 minutes diiuiie, the iiitermciistnuil period 


LEGEND 

FASTER THAN NORMAL 
D= NORMAL 


S to ts ^ 2S 30 3S -10 45 SO SS 60 

/w / /V ij-r/cs 

Fiff 5 — The tliitt to the left in congulation-rctraction times obscrtod in three liunJrol 

gencnl medical patients 


DAV OF 

OPERATION 


operaxive; p>av^s 


Fig C — Postoporath e tariationa in the incidence of short (pathologic 20 min 

coagulation-retraction times 
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Obsenatious in the general hospital patient population, excluding patients 
in the first postoperatne month leiealed that the mean clot letraction time 
lias shorter than in healthi peisoiis (Fig 5) The mean clot retraction time 
for one hundred fif tj tiro men ins 24 9 minutes and for one hundred forti 
eight women, 22 6 minutes, or 23 8 minutes foi the total group (three hundied) 
The clot retraction time was less than 20 minutes in 23 7 per cent and less tlian 
15 minutes m 7 6 per cent of the gioup 


r or 
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7 — A comparison betneen the coaeulatlon retraction times of normal and postoperatli c 
patients The cross ruled area represents the distribution region common to both groups 

One hundred surgical patients ircie obsened during the postoperatne 
period The mnjoriti had uudeigoiie major abdominal siirgert Fig 6 shows 
the tendenci of the clot letractioii time to fluctuate during the postoperatne 
period Of the tests peiforiiied on tlic ilai of surgerv 33 5 per cent were faster 
than normal Tins mai he explained In the InpeifibiiiiogAiicmia lesulting from 
the stimulus of suigical trauma and pcihaps deindiatioii The percentage of 
abnornialh short clot letractioii times was also high on the third fourth and 
fifth and on the ninth and subsequent postoperatne dais Fig 7 is a coinpan 
son between the clot retraction time of fifti three patients in their twelfth post 
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opeiatne cla-\ with one liundied noinial individuals Seieiiti si\ of the one 
liuudied postopeiatne patients had an abnoiinally shoit clot letiaction time on 
one 01 raoie dais dining the peiiod In thiitj of the patients the clot letiadion 
time Mas slioitei than 15 minutes on one oi nioie dais 

DISCUSSION 

In the past, gieat einiihasis has been placed on vasculai endothelial trauma 
and delaied cnculation time as iactois in the cause of phlebothiombosis and 
pulmonan embolism Sinte the nil induction of anticoagulant theiapi more 
attention has been gnen to the lilood itselt The thiombotie diathesis apart 
fiom sloMing ot ciuulation time and lasciilai liaiima, is entiieh clependeiit 
upon hemic factms nameh thiomboei tosis, In peifibiinogeiiemia, and dimm 
ished enthiOLcte mass These taitois mai enhance coagulation, but their more 
impoitant etfect lies in tlieii cieation of a stiongh letiactmg, tough clot ivliitli 
IS susceptible to (mholir detachment berause ot its letiactiliti 

One ot tlie patients ni the noiisuigical gioup, a Momaii mIio had leceiith 
been digit. di/i d loi eaih total iinotaidial taihne, developed pulmonan cm 
bolism mIkii hei clot letiaction time ivas 11 minutes Tlie clinical pictine w 
tipical and the iadiogia])hi< examination ot the cliest and the electiocardiogr.ini 
sustained the diagnosis Tins Mas the onli instance of puhiionaij embolism 
cncounteicd duiing the eiitnc stiich A ton elation betMeen the clot letiacfion 
time in t.istoi oil ami the teiideiui toMaid pulmonan embolism is implied m 
tills case Like M tse the shoitcning of the clot letiactiou time in hedriddcii pa 
tunts ma\ Ik Ip to fxplam tlie tendency tOM'aid pulmonai} embolism preialeut 
m that gionp It mo can assume that jiatients Mith shoit clot letiaction tiiiif'' 
aie moie susceptildo to thiombosis and embolism, it mac be desnable to treat 
those jieisoiis juoplnlacticalh Mitli anticoagulants 

The riot ictiattion test is Mell adapted to the tontiol of liepaiin therap' 
and tail be used instead ot tlie oidnian eoagiilation time deteiniinations It is 
not leliablc duiiiig Diciniiaiol theiapi The test is leallv a iiieasuie of th^ 
coagulation time ]dus the intenal IietMetn the end of coagnlatioii and the In' 
ginning of dot idnntion Hep u in •'inte it pnolongs coagulation and m some 
instances inhibits the postcoagiilation phase. Mill gieatli lengthen the h”'® 
the test Dieiimaioli/ation fierpienth piolongs the clot leti action time, hut theie 
IS no eoiielation hetMeen tins effect ami tlie piotlnomlnn time 

sunniAi.i 

A test f 01 mcasui ing the blood clot leti action time ni castoi oil is clestribe 
Tlie clot letiaction time is tonsideialih slioitei than noiiiial m ccitamP'’ 
tieiits mIio ai(* in the postojieiatne pciiotl and in almost one fointli of ail ?ene 
medical patients 

Tlie test measuies tactois mIucIi aie pait ot the hemic phase of the throw 
botic diathesis 
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LABORATORY METHODS 


A SniPLIPIED TECHNIQUE FOR THE QUANTITATWE 
COLOEBIETEIC ESTUMATION OF PREGNANDIOL 
IN URINE 

Hexri S Guterji M D , and JIadeline S Schroeder, B S 

Chicago, III 

P REVIOUSLY this laboiatoiy lepoited a simple method for the quahtatne 
deteimination of uiinaiy piegnandiol its leaction mth eoneentiated 
sulfuiic acid^ - The piesent leport deals Math the stud^ of the pregnandiol 
coloi reaction Mhieli peimits its simple quantitative measurement m a colon 
meter 

reagents 


Toluene, chemiealij puie 

Coneeutiated hvdioehlone acid, chemically piiie 

0 1 N sodium hydioMde 

Tmo pel cent sodium h^ dioxide in absolute methanol A 4 to S per cent 
solution of sodium hydioxide in absolute methanol is firet piepaied bv adding 
sodium In dioxide pellets to an Eilenmejer flask contamnig absolute methanol 
The mixtuie is filtered thiough a drj' fntted glass filtei to remove the pre 
cipitated carbonate The sodium hydi oxide concentration of the filtrate is 
determined bv titration ivith 0 1 N sulfuiic acid The filtrate is then adjustc 
to a concentration of 2 per cent vith absolute methanol The solution isfieshb 
piepaied every ■week 

Acetone, chemically puie 

Absolute ethjl alcohol 

Concentrated sulfuiic acid, chemically pure 

TECHNIQUE* 

A Hydrolysis and Exci eUon of Pi cgnandwl — 

1 One hundred milliliteis uime, 50 ml toluene, 10 ml concentrated hi r®" 
chloric acid, and two glass beads aie added to a 500 ml flat-bottomed riorcnce 
flask. 

Dcp'xrtment of Mct-ibolism and Endocrinologj Research Institute lilichael Reese Ho P 
The department Is In part supported b\ the ilichael Reese Research Foundation Awcl 

This TTork Tvas aided bj a errant from the Committee on Scientific Research of 
can Jledical Association to Dr Rachmiel Le\ine 

Received for publication Dec 5 1947 ^ .,,2 ^-olor 

•Based upon the method for pregaiandlol extraction bj jVstnood and Jones and 
reaction of Talbot and co « orkers * 
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2 The flask is connected Ana a one holed coik stopper to a Liebig, condenser 
(water-cooled 400 to 500 mm jacket len^h) in Aertical position and the miN 
tore IS boiled nfroroush over an clcctiic hot plate for fifteen r mutes 

3 The flask and its contents are brought to room temperature b\ cooling 
under the water tap 

4 The mixture is transferred to a jOO ml separaton fimnil and the lowei 
larer (urine) is drawn off 

5 The toluene Ia\er and emulsion arc wa^-hed twice with la ml portions 
of 01 \ sodium hvdroxide and then twace wath ll ml portions of distilled water 

B Pncipilafion of Impnnticf — 

1 The washed toluene and emulsion ( V a) au transfeircd to a 12a ml 
Erlenmever flask wath two glass beads 

2 The mixture ls Imiled OAcr an electric liot plate < in the hood^ 

3 "Wlien the water has CAapomted and the toluene mixtuie is boiling 
smoothly 10 ml of 2 pci cent sodiun ha dioxide m absolute methanol are added 

4 The mixture is evaporated until a granulai precipitate appears and 
approxunatch one half of the original toluene volume is reached 

5 The toluene mixture is then filtered while hot through a fritted glass 
filter (medium porosif\ Patcx) with mild suction (If the filtrate has an 
orange pink or brown tinge stops B j, B 4 and B 5 must he repeated until 
the filtrate ls vellow or a cllow green ) 

6 The precipitate (B, 5) IS washed wath 1> ml hot toluene 

‘ The combined filtrates (B *) and B 6) are then CAaporated to dnness 
over the hot plate (in the hood) a ^entle air stream being used to dme off 
1 e last traces of toluene This avoids charring of the residue 


^ BrecipitaUon of Pregnandiol — 

1 Five milliliters acetone arc added to the residue (B 7) and the mixture 
■swarmed o\cr a hot plate until solution is complete 

~ Twenty milliliters 0 1 2s sodium Indroxide arc added slowB and the 
niixtnre is boiled for three minutes on the hot plate 

The flask IS then placed in a refngcratoi C ) for one hour 
^ Iso/nfion o/ Prff7?mH(7io7 — 

I The mixture (C 3) is filtered through a fritted glass filter (medium 
porositv P\Tex) wath mild suction 

- The precipitate (D, 1) is Avashed Avith 15 ml distilled water 

th receiving flask is changed and 10 ml hot absolute alcohol are passed 

^ fritted glass filter to dissolve the precipitate 

The alcohol filtrate (D 3) is eAaporated to dmiess from the receiving 
over an electric hot plate (m the hood) 

F ^olor Deielopmcnt and Qunntitatjic Measurement — 

^ Ten millibters concentrated sulfunc acid arc added to the residue fD 4) 

- olor IS alloAved to deAelop for one liour 

mth of the solution E, 2 is diluted up to a final Aoliimc of 5 ml 

'’Ulfune acid in a dm absorption tube (Cenco 12344’\I 
cell) and the solution is thoroughh mixed 


flash c 
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4 The color is lead on a speetiophotelomctei*^ at 430 ni/r (coiiceiiti.itixl 
sulfuiic acid IS used as the blank) 

5 The amount of pregnandiol lepresented by the absoiption leadiii!; is 
obtained fiom the standardization cuive Calculations foi the dilutions iinohod 
.11 c made to aseeitain the piegnandiol present iii the original sample 

E\PEBEMENTAL 

The esidence that pregnandiol is the steroid extracted bj this pioccdiiu' is 
based on the spectiophotometire absorption and the melting point data nlncii 
iollou 


Absorption 



Wavelength 

Fip 1 — Vb'.orptlon cuivts of color comple\c<i obtained fiom tlie nclditlon of 

furlc acid to crjstalline pregnandiol and pregnandiol recosered from iinni 

Plcgnane^ uiinc pooled female mine to A\hich sodium piegnandiol gla^ 
cuionidatc (NaPG)f itas added, and pooled female mine to tiliich picgnaiKi^^ 
Mas added weie subieetcd to tlic foregoing procedme The absoiption spcrti 
of tlie color complexes obtained Mith these specimens and the absoiptiw’ spc* 

•Tho Cenco-Shcard Spcctrophotolometer Centi“il Scientific Comp^^n^ Cbicipo 
u«C(l In the present nud\ 

tSoOium preprn mdiol ^rlncuronld itc ^tfll be dc'^ipnated a« IsnPG in tlic 
rnplis 
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tnim of crjstallme pregnandiol to tthicli concentrated sulfuric acid had been 
added were eonpared Pig 1 illustrates the four eunes Tliei lesemble one 
inothci closeh tnd dcmonstiate an absorption nia\imuni between 420 and 440 
millimicrons 

The melting points of the products iccoicicd in this experiment aie listed 
below 

1 Prcgnaiict urine, 205 to 215° C 

2 NaPQ added to pooled female urine 215 to 227° C 

% 

Absorption 



W«Telen«th (n/ij 

orptlon curves of the prodpets recovered from urine to which various steroids had 
been added 

^ |’*'Ccnfincliol added to pooled female mine, 227 to 233° C 
\\h pregnandiol, 234 5 to 237° C 

rccotered substances (from 1 2 and 3) -were each mix^d \\ith 
cgnandiol there Mas no depiession of the melting point 
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The a])soiption cui\es of othei steioids commonly foimd m miiio \\(io 
studied m simildi fashion Andiosteioiie, cliolesteiolpa-estiadiol, estiiol, cstiono 
and piefrnandiol,* 100 /xg of each in toluene solution, neie added to 100 m 
samples of pooled female mine and the mixtuie uas lun thioufih the nnoin 
mended pioceduie Fig 2 illustiates the absoiption cuives obtained It ippiars 
fiom these data that the steioids tested do not sigmficanth altei the ahsoiptwii 
cuiie (at the gnen nave lengths) of the pooled female uiine med as a (ontrol 
Onh the specimen nitli added piegnandiol demonstiated a niaiked incieaso in 
alisoiption nith a ma\imum at 430 millimicions 

These data appealed to indicate that the method outlined leads to da 
leeoieii of piegnandiol alone 

Optimal conditions foi tlio quantitative c\ti action of piegnandiol from 
mine and the ma\imal final eoloi development neie establislied In tlie folionum 
expel imeiits 


I Dinaiion of Smutl fan cons Ilych olysis and Ecriiachon — NaPfi (aqueoiF 
solution) 2 mg, nas added to 100 ml poitions of pooled female nunc f Hie 
spee linens ncie letluxed foi five, fifteen, and thllt^ niinntes eacli and fii"' 
(allied thiough the pioeecluie The lesults obtained indicated that iiiiMinal 
cxti action ot piegnandiol oeems if the urine mixtme is lefluxecl foi fifteen 
minutes Fi\e minutes of boiling appealed inadequate foi optimal leioien 
of piegnandiol icfluxing foi tlmh minutes did not inteifcie vith the maMiaal 
leeoien It vas theicloic concluded that specimens should be lefliiscd foi 
at least fit teen minutes 


IT I'fTxncncij of One l^eiiod of Ilijdiohjs'is and Extxtciton — Toluene >0 
ml vas added to the mine la^cls of the specimens (I) 11111011 had been 1" 
dioli/ed and extiacted foi fifteen miiiutes Some of the samples veic extiaetf* 
in the cold foi fifteen minutes on a mechanical shakei The icniainder veu 
lefluxed loi an additional fifteen minutes as in the oiigmal piocediuc 
toluene laieis iicic saiccl and earned thiough the technique The alisencc 0 
eoloi dcielopiiient at step E, 2 indicated that in the fiisl peiiocl of hoilmg * 
extinction ol uiinan inegnandiol ivas complete 


III The E fleet of Aqueou', Sodium Jlydi oxide — 

A A senes ot specimens vcic earned to step A 5 At that point 
toluene laccis veie each vashed mth one two, <ind foui 11 id 
0 1 \ sodium In dioxide The techiiicuic was then followed as outlinci 
lesults ot this cxpciimcnt showed that at least two washings of 
hnci with 01 \ sodium Indioxiclc aic iieccssaic foi uiiifoini 
Additional washings with 01 X sodium In dioxide did not aflecf piegnim 


(ciiii'O 


iceocen 

B The (oinbnicd sodium In dioxide and watei w.islimgs of the sihc 
(HI A) wcic diluted to a colume of 100 ml with distilled watci ’ 


•Tlip inUro^tf ron o t'-tnuliol , *»trIoI ana (‘Jtronf urre ‘-uppllea O'rouch 
C’iba Ph irni io< iitlcnl Pro(Iuft« Inc Summit X J Thr pieBrnnUlol anil “you ^ ntr 
ultiriironltlal* wtr^* '•upplhn b\ McKonm. and Hum on ^ 

( an ida 

fl nit’*'' Indio itofl In th#' foIloMlnt, cxpfnrnfnt*? 2 mir ‘ * 

ruronidfitc Mcro added to KK) nd portions of pooled femal# urine Ml tt ‘'ts u " 
duplicate 
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Iitenj hjdiochloric acid (coucenliatod) and 50 ml of toluene is eie added These 
mL\tares wcic cairied thiough the pioceduie (stalling at A 1) No color 
(Icielopment occuned in all^ specimen Thus, it appealed that the sodium 
Indroxidc originallj used did not iemo\e piegnandiol fiom the toluene la-vei 

IV Prccipitahon of Impunitcs hy 3 Pci Cent Sodium Hych oxide in Ah 
sohite. Methanol — 

A One hundred millihtci poi lions of pooled female uiine to -whicli no 
NiPC added i\eie eained to step B 3 At that point, 0 5 10, 20 and 30 
ml aliquots of 2 per cent sodium hj dioxide in absolute metlianol A\eic added 
nnd tlio proceduic was completed AMicn the mcthanolic sodium In dioxide 
solution was not cmplo'\ed, the icd and Molct xninar\ pigments extiaeted b^ 
the toluene \seie not icmo\cd fiom solution and thc^ intcifcred uith the final 
(olor reaction In pioducmg Inzaiie colois The use of sodium Indioxide in 
methil alcohol reinoied these unmi\ pigments and lesulted in constant final 
color deiclopment Theiefoie it uas concluded tint methanolic sodium In 
droxidc should bo empio} cd at this stage 

B IMien the same experiment was earned out uith mine specimens to 
which NaPG had been added tlie following obscnations weie inide "When 
ml of sodium hydroxide in methanol weie used the color icaction dexelopod 
represented moie than 100 pei cent rcco\ei\ of piegnandiol 

Since the control mines (IV A) indicated that methanolic sodium h\droxide 
IS neccssarx to lemove iiitci feting substances it appealed that *5 ml of sodium 
mroxidc in methanol might ha\c been inadequate to lemoie all the nonpreg 
^Etiuhol chromogens The addition of 10 ml of sodium h\ dioxide in methanol 
resulted in piegnandiol iccoveiies of o\ci 90 pei cent The use of 20 to 30 ml 
0 sodium hydroxide in methanol at step B 3 reduced the pregnandiol ieco\eii 
was possible to ieeo\er piegnandiol fiom the sodium hxdroxide piecipitates 
*^1 step B, 5) of the specimens in which 20 and 30 ml of methanolic sodium 
roxide had been used It was concluded theiefore that 10 ml of 2 pei cent 
mm hydroxide in absolute methanol would be adequate to lemove intei 
'^ring substances without piecipitatuig piegnandiol prematmely 

In. h Piecipifation — ^A senes of specimens was earned to step C 1 

^ e original comnuuiieation^ it was suggested that aqueous 01 N sodium 
^ ro\i(le he added to the wanned acetone solution to precipitate the preg 
311(10 Oiu quantitatne studies indicated that under such conditions the 
t^^ipitition of pregnandiol leached a maximum after three houis of lefrigeia 
at 5 G Howexei, it a\as found that it the sodium h\ dioxide acetone 
dec boiled thiee minutes the maximal piegnandiol pieeipitation 

of Extension of the boilmg penod led to the pieeipitation 

^^piegnandiol ehiomogens which inteifeied with the final eoloi leachon 

1 ,^ ^^uelopment With fulfill ic Acid — The color loactions developed 

^0 outions containing xanous amounts of cnstallme pregnandiol (S 40 and 
’iwnut ‘^'^omined on the coloiimeter at frequent intemls starting ten 

^tter the addition of the acid ilaximal absorption at 430 m/z occuriod 
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between thut-\ and si\t^ minutes later Since the moie concenti at ed specimens 
leached then ma\imal absoiption wuth one horn of development, i\e emplovod 
this standaid time inteival toi leading all oui specimens on the spectroplio 
telometei 

YU Stanch) dizahon Cuives — Aliquots of a solution of piegnandiol m 
absolute alcohol (100 /xg pei cubic eentimetei) weie measuied fiom a iineio 
burette into test tubes The alcohol was evapoiated fiom tlie tubes m a gheenne 
bath Aftei cooling, 5 ml of sulfuiic acid (concentiated) weie biuctted into 
each tube The coloi was allow'cd to deielop foi one hour (the tubes boiiif; 
shaken occasionalh ) and was lead on the spectiophotelometei at 430 ni/i inth 
concentiated sultuiie acid used as a blank Fig 3 lepiesents the aveiageiesults 
obtained In the lange of 10 to 100 jug pei unit volume (5 ml ), the conceii 
tiation IS piopoitional to the log of the pei cent absoiption, obeying Beei ’s la« 
With conccntiatioiis gieatei than 100 jig this lelationship does not obtain A 
similai slandaidization cunc was obtained w’hen piegnandiol was leeoiercd 
fiom pooltd teniale mine to which NaPG had been added in vaiving amounts 


% 

Absori-tlcn 



/4 e Per Saapl© 

Ftp 3 — Standardization cunes of the color reaction (with sulfuric n(^d) of cnstalUnj^^P 
nandlol and pregnandiol reco\ered from female urine to which NaPG hau 


The cui\e is also illustiated in Fig 3 Each point lepiesents the aveiagc 
ot five to ten lesults This cuive paiallels that of puie piegnandiol and m 
that the amount of picanandiol lecoveied vanes direetlv '"hh the i 
present m mine 

To dctcimine the cfficicncv of the method in lecoveiing piegnandiol fro 
XaPG added to mine, the following calculations were consideied ^ ^ 

1 Sodium pieguanolone glueuiomdatc constitutes 20 pei cent of - ^ 

2 The moleciilai vs eight of piegnandiol is 320 The molecular wck^‘ 
pme sodium piegnandiol glucmomdate is 536 ' 
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Therefore tlie pregnandiol tlicoretienllj obtainable from sodium pregnandiol 
gliicuronidate can be calculated from the folloinng equation (-nliere A ■= ueight 
of NaPCr [in mg ]) 


■\r W (pregnandiol) 
AfW “(NaPG) 


X (A -0 2A) = i\oight of pregnandiol (in mg ) 


Table I represents ieco\eries ot pregnandiol fiom NaPG calcuhted as indicated 
It will be seen tint an a\cnge of 95 per cent of the theoietic amount available 
was reco\ercd 


Table I REco\Fr\ oi Prfovandiol Prom Sodium Pofonasdiol Glucufomdvte 


NAPO 

ADDED 1 

(MO) 1 

CALCULATED 
FQUIVALENT OF 
PRFONANDrOL 

(sro) 

rrEONANDIOL 

PECO\ER\ 

(MG ) 1 

(%) 

0 50 

0 24 

017 

71 

0 , i 

n SO 

0 42 

117 

0 80 

nsR 

0 30 

70 

1 on 

04S 

0 37 

77 

12d 

0 00 

0 5o 

02 

I in 

0 02 

0 07 

02 

150 

0 72 

0 78 
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1 so 

0 80 

1 04 

120 

”00 

0 00 

OOo 
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05 


DISCUSSION 

Methods for the quantitatuc dctcmimation of uiinau piegnondiol either 
the conjugated form, sodium picgnnndiol glucuionidntc or as fiee preg 
nandiol ha^e been lepoitcd prcviouslj ^ The majoiit> of the methods 

Yptimi’c large \olumes of urine, consume sc\cial dajs in peiformanee, and 
|isunll\ depend on a gravimetric technique foi measuring the final product 
le technique icportcd at this time reqimcs small urine volumes and consists 
^ toihniealh simple manipulations One person can peiTonn twehe deter 
J'nnations m a ivoiKmg dav The equipment is standaid for chemical labora 
and no special appaiatus oi chemicals are requiied Tlie qinntitatnc 
IS a colorimetric procedure "which can be adapted to simple laboiaton 
^oorinicters Although the present report considers results obtained wth the 
^^iiPoSheard spcetrophotclometer equally satisfactory lesults have been ob 
in this hboratorj y\itli tlie simplex Klett Summerson photoelectric coloi 
(using Filter 42) 

pioceduie fechiiical dilTicuIties maj be prevented if 
af elsowheie are observed* These simple measures consist 

cvut 1 chemically pine leagents, (2) the preparation of fresh 2 per 

m absolute methanol eyeiw week (3) the use of air 
IK pV^ P^'cvcntmg clnriing of icsiducs at steps B 7 and D 4 and (4) the 
"''“ffnttod gins., filters 

’"CDS encouiiteicd infrcqueiith at step A, 5 Unne speci 

amounts of albuiiini and/or I)lood coiitnbute to such 
” I^iTaation Filtering tlie \isibh bloodj specimens i educes the inci 
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deuce ot emulsions The addition ot 1 to 2 chops of a deteifient to the toluene 
mixtuie usuallv bleaks up the emulsion and facilitates the pioccduie 

It It IS iiecessaic to inteinipt the pioceduie betoie completion this mac 
be done concenienth at steps B 2 B 7 anclD, 4 

The olisci cations lepoited in this papei lead us to conclude that themethed 
pioposcd penults the dcteiniination of pit«iiandiol alone Aiidiosteione (17 
kctosteioids) nas not iound to inteitcic mth the coloi reaction The ciiianti 
tatice estimation of pumiandiol in a prneii mine specimen depends on its spec 
tiophotometiic absoiption tat 430 ni/ii This leading is coirjiaied 111111 the 
standaid cune iihuli is a icpiescntation oi the actual amount of pivsnandiol 
lecoieiable fiom unne to nhich sodium pieiriiandiol glucniomdate has l«n 
aided 

I ailuic to use piennandiol as a standaid 01 to lead the color absoiption 
it 410 ni/t has led to losuits nhich appeal to us to liaie been iiifeiineted cito- 
I iiusli ” Keinhait and Baines’- utilized 2 pei cent potassnuii dichromate 
I uatci lat 420 ni/i) as a standaid foi mcasuiing piegnandiol Since thn 
siilutuin IS fitti times moic conccntiated than the aniotiiit of potassium clicbio- 
111,1 1 cquiialciit to the picaimndiol stand.iid pieiiouslv leconmiendcd In tlin 
l.ibiii Him i04 mg picniiaiuliol )- it is not suiiuismg Hint then lesults nea 


iSrafnecdlol 
tlieretlen 
" Fer Zi Hrs 



not consonant mtli those lepoitcd fioin thus laboiatoii Othei’S haie not 0 ^^^^ 
emploied potassium dichi ornate as a standard but haie lead the coloi’s at 
iiaie lengths (530 to 570 m/c) ” Since piegnandiol absoiption m this 
IS minima! i\e teel that the authors weie probablv mcasuiing substances 0 
than piegnandiol 

The lesults of cpiantitatne estimations in nomal piegnanei 111 0111 
ton aic consistent mth those obtained bi otheis (Table II) 
leicls of piegnandiol escietioii in the noniial menstiinl cicle coincKC 
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llioic Kiioitcd b\ Venning and Bionnc'* (see Fig 4) These ohsei \ ations, 
which will he published clscwlicie in e\tcnso, fiiithci sticiigthcn oiii conclusion 
lliiit the method pioposed is Kcuiatc, specific iiid pi ictical foi lesesich and 
routine eliiiienl use 


'IVBIJ-lI CoMIAllSOS 01 1 KLOS \MUOf EVCRFTIOS \\IU1S IS ISOIlMAl PlICOSASCS 


nvvst 


niFC NAMUOI 

(vrr I EP 24 HK ) 


‘’Sob 

> lit 


9 10$ 

Tri S4 

6 20 


15 4S 

<?4 112 

10 ‘>S 


19 R) 

IP 140 

13 1> 


27 46 

140 IfiS 

OO 


21 (>2 

ICS 106 

44 72 


SO 72 

106 2>4 

4S S» 


41 S( 

0^4 0 ,9 

55 05 


56 ins 

0,0 0(^5 

hO 10> 


50 10) 


Ttje t^o seta of data K!\C“n In thl tabic are at flrat Klaiit not «trlctl\ conipanible Th 
'eiininc procedure calculates the prcfmandlol concentration from NaPG uhlch contain about 
« sodium prcRnnnolont Klucuronl late The jnothod hero reported ostitjtatcs prcj; 

'Nould therefore he expected that the pregnandiol \alues b^ the \cnninR 
X n.. i‘ per cent hljrlier than with the pro ent method Tlie reason for the 

'iriuai coincidence of the values remains at pro ent unexp1alnc<l 

tCounted from the fir t da> of the last normal menstrual peilod 
tFrom BrowTit Henrj and 1 ennlnt, * \eniiln<r method (eight cases) 

{This laboratorj Present niothml (four ca es) 


SUMM \R\ 

A nothod foi the simple (imiitilntixt coloiinittiic detciinination of uiiniis 
I'rprsnaiuliol is lepoited 

Spectropliotelometnc inul lueltmg i>oint data Tie picsontcd as CMdcncc 
*1’ It pic^nnndiol alone is the substanc c nicasui od 

Optimal conditions foi the qinntitafi\c cxtnction of piegnandiol and toloi 
‘‘t\plopmem aie established 

IldtT presented indicate tint nn T\cnj,c of 55 pei cent of the thcoiotic 
P't^rnuiidiol T\ailnble is lefo^Gled b\ the ])ioccdiiic lepoited 

The results of piCf^nandiol deteniiin itioiis m the menstnul c^clc and in 
I'oiiml preguanc\ check closeh i\itii obsei\ itioiis nnde in othci laboiatones 
" "clnniplo^ed the longci griMinetiic pioccdiuc 

wi h to tlnnk Dr iinchniiel LcMnc foi Ins advice luul tiicouratcniput in this work 
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STUDIES IN SLRUM PROTEINS 


II A Rapid Ciimcad Method for the Acchrate Determination of Alblmin 
AND GLOBnOIN IN SfROAI OR PUSAIA 

CiARFNCF Cohn, MA) ,*■ and 'Williaai Qditaian Molfson, AIDt 
Chicago III 


E lectrophoretic mahsis of serum lias demonstnted that “seium 
albumin,” as determined In the Hoaac sodium sulfate method, actualh 
includes both albumin and alpha globubn * ’ Othei methods for detennin 
mg albumin a allies mIucIi approNimatc those obtained In electrophoresis haie 
certain disadiaiitages Precipitation of globulins h\ methanol ^as deiised hi 
Pillemer and Hutchinson,^ is difficult teelinicalh since it inAoUes Acorking 
between 0 and 1° C and, ei en Avhen these conditions aie maintained, oecasionalli 
J lelds erratic results* * Popjak md SleCarthi s method” for sepal ating albu 
mm and globulin inth saturated magnesium sulfate iin oh es a delay of tA\ eh e 
hours before filtration can be cairicd out In addition, the albumin in the 
filtrate cannot he estimated bj the biuret icaction but requires a Kjeldahl 
nitrogen determination The 28 per cent sodium sulfTte method of Jlilne® also 
requires an overnight dclaj for precipitation of the globulias ChoAv has re 
ported a quantitative immunochemical reaction which, howeiei, emplojs bio 
logic matenal of unstable titer and uncertain composition 

The method described belou appears to OAercomo these difficulties The 
procedure is based on our observ ation that sodium sulfite at a concentration of 
2888 per cent precipitates globulin from scrum plasma or plasma fractions 
The earher sodium sulfite method of Campbell and Hanna uas adjusted to 
sue results appioximating Howe fractions' Pollouing precipitation of the 
globulin component immediate filtration jiclds a solution in which only albumin 
n found. The albumin in the filtiate may be determined bj the biuret reaction 
0 IVeicbselbaum' or bj any other comement method 

Analjses ivere performed on human plasma and on subfractions of plasma 
T the electrophoretic and sodium sulfite methods The results obtained are 
compared in Tables I and II 

It \nll be seen from the results in Table I, obtained on plasma fractions 
at albumin is not piecipitated by 26 88 per cent sodium sulfite to any estent 
^ ct er in pure solution or combmed with mixtures of globulins AU glo 
AhlT Ptaopitated regardless of the distribution of globulin subfractions 
li^^Sh fractions IV i and TV 6 contained large amounts of alpha globulin 



Dlr!^? 'Sf ■’“t'U'wtIon Dec. 8 1947 

tAmi ♦ Blochemisto Allehael Re€se Hospital 

istant to the Director Department of Biochemistry Michael Reese Hospital 
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T\bie I Comparison oi Ei > ctpophopetic and .Sodidm Snirirr Anaiisis or 
PuriFiED Plasma FrAcrio\s* 
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Elei tiophoiesis 

1 S5 

2 04 

0 01 

0 01 

111 


Sodium sulfite 

1 00 
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*Thi elect! oplioi etic anal\'>es oC punfletl pla'iina fnctlons quoted heie are 
suits obtained for these fractions The Ijophiled fractions supplied ueie dlssohecl l" ^ Y f 
NaCl bcfoie anahsis and filtered to renioae residual tuibldltj A simple of '.i,, 

could not be analyzed because the sodium sulfite nitrite nas icllou ind interfered iiiui i" 
iccuracj of the photoelectric determination 
tincludes fast component 

tSalt-free human albumin (Cutter Laboratories Belkcle^ Calif ) diluted iiltli 0 loM ^l' 
Hnimune human globulin (E R Squibb S. Sons New Tork N 1 ) diluted Mhli 

NaCl 

IlSample contained 50 pei cent salt-fiee hum in albumin and 50 per cent Immune hum in 
Slobulin made up to a total protein concentiation of 5 0 C m pei 100 cc with 0 laM NaLi 
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ulucli 1)\ tlie Howe method is included in the ‘‘nlbumin” fi action, sodium 
sulfite fnetionations fjood a^Kement A\itli clectiophoietic ^alucs 

The liumin scia anah^td (T ible IT) consisted of si\ samples of 1 no\Mi 
elKtrophoietic composition made a\ailable to us® and tuo of oiu samples A\hich 
Wire mnhzed ckctioplioieticalh olsewhoiet Aleaii lalues foi 'ilbumin f,lo 
liulni and \/G ntio did not diftci fiom those obtained b^ ckctiophoiesis In 
nioic tlnn 2 2 pei cent 

Onh one sample of pooled nonnal scimn (T ible II) w is amlizcd botli 
ckctrophoicticalh and ehcmicalK I1 omc\ci a niimboi of aiiahses ha^c been 
(lined out on pools of scium obt lined fiom fift\ to one hiindied f^£t^ donois 
these nnahses an n\eia"e \ lUic of G3 pei cent albumin ^Mth induidunl 
pools ^aum" from to ])ei cent albumin 3 best \ nines coincide ^^ell iMth 
the Mine of 52 pei cent allnimin obtained foi plnsnn tiom noinnl adults In 
electiophoicsis^® 

I Rocniurp 

^icmjcnh — 

T^\ent^ ci^ht pci cent sodium sulfite solution Dissohc c\acth 28 00 
Gm of anlnelious sodium sulfite in distilled ^\atel at 28° C The 
salt IS (lifRculth soluble but will into solution with sufficient 
shaking Jlako up to 100 ml and stoic at room tcnipoiatuic 

Buuet icagent ('Weichsclbanm) ■■ 

•Ikffrnininfioa — 

1 Place exaeth 24 ml of sodium sulfite solution in a 2*> ml giaduatcd 
mixing c\liiulei Add 1 0 nil of scium oi plasma and mix well In 
imeision Do not shake 

2 Piltci immediateh tluougli a. double thicl ness of folded No 42 
^Vhatmau filtei papei The filtiatc should be ci\stil eleai If the 
fiiNt few diops aie tuihid the\ should ho lefilteicd 

3 Discaul the fiist 5 ml of filtrate (A ceitain piopoition of the 
albumin m the hi-st few niillilitcis of filtiatc will lie adsoihed on 
the filtei pnpei and low albumin \nlucs will be obtained li tins 
inateiial is used foi annhsis ) 

To 5 ml of 'Woieliselbaum s biiuct iciccnt in a ciuettc add 5 ml ol 
filtiatc JIix ^\ell 1)\ slukiii^ 

(The blank is picpaied with 5 ml of Imiict ieaf,cnt and 5 ml of 2S pei 
(;ent sodium sulfite ) 

5 Aftei standing thiit-\ minutes the solution is lead on a jihoto 
elcctiic eolonmetei oi spectiophotomotci at a wa\c kngth of 540 
milbniieioiis 

fi The ^nlue obtained in the piecednifr step is that foi seiiim allnimm 
Globulin Ls detenmned is tlic diffciencc between total piotcin and 
— . — . albumin \ alucs 

* h**'*'^^ of Dr rhlUu P Cohen of the Department of I h> lologlcnl Cliem 

tW Ith n Aladl on W is 

''•"'‘I Ho nitni of Ml Allriam Relmr >f tin. Bloch ml tr^ laboratory Mount 

I mu lork Is 1 
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SUMMARY 

A method for the deteinimation of albumin m seium, plasma, oi plasma 
fi actions IS desciibed This method gives reproducible lesults ivliich agree 
closely with those obtained by electiophoietic analysis As the procedure is 
lapid and technically simple, it is suitable foi use in the routine clinical 
laboratory 

We ^Msll to thank Dr Philip P Cohen of the Department of Physiological Cliemistry, 
Universitj of Wisconsin, Miss Miriam Reiner of the Biochemistry Laboratory, Mount Sinw 
Hospital, New York, N Y , Dr A N Kutz and Dr J D Perrings of the Biochemical 
Section, The Armour Laboratories, Clucago, HI , and the members of the Samuel Deutsch 
Serum Center, Michael Reese Research Foundation, for their cooperation in supplying sam 
pies for anahsis and providing analyzed samples 

The products of plasma fractionation employed in this nork were developed from blood, 
collected by the American Red Cross, by the Department of Physical Chemistry, Harraid 
Medical School, Boston, Mass , under a contract, recommended bj the Committee on Medical 
Research, between the Office of Scientific Research and Development and Harvard University 
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SlSTEiMATIC QUALITATIVE ANALYSIS OP BIOLOGIC JIATERIALS 
FOR COJIMON STEAJI VOLATILE ORGANIC POISONS 

Robert "W Merlei, A B , a^d Epnest Bueding M D 
Cle\'el\nd, Ohio 

'T'OXICOLOGIC analysis of biologic matenal is sometimes lequiied A\heii no 
i. indication or cncumstantial cMdcnce of the piesence oi absence of a specific 
poison IS available AVliile adequate systematic qualitative anahtic piocediues 
for inoigamc poisons such as heav'y metals are available, the search for organic 
poisons necessitates a laborious, time consuming, step bv step analv sis foi each 
individual compound 

Organic poisons mav be divided into the following groups (1) steam 
volatile compounds, and (2) nonvolatile compounds extractable with suitable 
organic solvents from (a) aqueous acid solution and (b) aqueous alkaline solu 
tion 

An attempt Ins been made to develop methods foi the systematic detection 
0 various compounds found in each of these groups In the piesent papei a 
simpe scheme foi the detection of the moie common steam volatile poisons is 
descnbed. 

The following compounds are included in the scheme of analysis 

Acid steam distillate phenol, cresol (tncrcsol), thymol, aniline, hydro 
cyanic acid, chloroform, chloral hydrate, caibon tetrachloride, acetaldehyde, 
y alcohol, formaldehyde inethylalcohol, nitrobenzene, carbon disulfide 

Alkaline steam distillate nicotine, amphetamine, aniline 


EXPERIMENTAL 


e acid steam distillate is obtained in the following manner The tissue 
^ e examined (100 Gm ) is homogenized in a Waiing blendor with distilled 
(200 ml ) and the mixtuie is adjusted with tartanc acid to a pH of 5 0 
all^l ti’ansfeiied to a distilling flask (1 liter) which is part of an 

'id 1 ^ distilling apparatus * About 5 Hengar boiling granules are 

^ steam generating flask All joints aie lubricated with a thin lavci 

end distillate is collected in a suitable cooled containei with the 

till eondensei immersed in distilled wattfr (10 ml ) The steam dis 

^ Jon is Gained out until 200 ml have been collected 


80 IS then made alkaline with magnesium oxide to a pH of 

Jected ^ distillation is repeated and 200 ml of distillate again are col 


^®P^vtment of Pharmacology School of Medicine Weatern Resell o UnUeraltj 
PocpK w*” special gifts from Mrs S Prentiss Baldwin 

The anV°^ ^ 

‘fotn E designed for this procedure according to our specifications was obtained 

‘“cniett & Sons New Xork N 1 
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Quantities of tissue less than 300 Gm nia-v he aiiahzedln cm 

plo-vinfi: piopoitionatelr smalki volumes of Matei m picpaiing the homogeiialo 
and In collecting appiopiiatd\ leduced ■volumes of distillate However, a 
minimum of 25 Gm of tissue is iccommendcd foi a complete anahsis 

In the hteidtuie of this subject aie cleseiihed a laige numbci of tests for 
the detection of the jioibons consideicd in this scheme Hocvevei, mam of these 
tests proved to be unsatistacioiv, either because of insufficient sensitmtv oi he 
cause thej gave positnc oi tqunocal icsults nith steam distillates fiom tissues 
containing no poison Gnice each of those tests which was found suitable lias 
been modified, a detailed desciiplion of each pioeeduie is gnen Eeferenccis 
made to the papeis in ivbich the tests iveie oiiginalh deseiibed The lowest 
eonecntiation of the (ompound at ivbicli the test is definitch positne is hstcil 
This coueentiatioii is consideied the piaetical limit of sensitiviti None of the 
tests described give positne lesults with steam distillates fiom liomogeiiatcs of 
live: containing no jioison 

1 P) ecipiiutton Ttt,i 11 ith B)omine Watci ’ — To tlie distillate (Inil) add 
biomine natei (1 diop) It no piccipitation occius, add additional leagent 
(2 01 more diops) A jiositive leaetion is indicated In the foimation of a white 
01 vellovish piccipit.iti oi bs a definite cloudiness of the solution 


Setistttvify Phenol, 0 0025 pei cent, tiiciesol 0 0020 pci cent, tlnmol 
0 0015 pei cent aniline 0 0015 jiei cent 

2 aiiUoii't, Tcif " — To file unknown solution (3 ml ) iii a small test tiihc 
add the leagent (3 diops) Heat tJie inixtuie at fiist geiitlv, then 'vvith a grad 
uallj ineifasmg infensits while ohseising caiefullv foi elianges m coloi ^ 
positne leactioii is indieated In a led oi led-hiown eoloi oi a piecipitnte -i 
blight sellow piecipitate mai form, this mas consist of meicuiv salts and 
does not indicate a positn e test 

Sen^thiity Phenol, 0 0007 pei cent, tiiciesoI, 0 0007 pei cent, aniline, 
0 0050 pel cent 


3 F)ussian Blue Test foi Cyanide ^ — To the unknowm (3 nil) mates 
tube add a solution of potassiimi livclroxide (5 per cent, 3 oi 4 diops), then a 
fieslili piepaied solution of feiious sulfate (2 pci cent, 1 oi 2 drops), aW 
solution of feme chloride (1 pci cent, 1 diop) Shake the solution and waim 
gently Acidifi carefulh with In diochloiic acid (2N) If much hvdioevaiiie 
acid IS piesent a piecipitate of piussiaii blue (feme feirocvanide) will appea 
at once, but if the eoneentialion is weak the colloidal solution will have mere ' 
a blue, blue gieen, oi gieen-hlue coloi Aftei some time a flocciilent 
of pnissian blue wull settle to the bottom of the tube Prassian blue wm 
appeal if tlie leaetion is alkaline On the othei hand, in stionglv acid 
tlie foimation of pnissian blue is delayed Thexcfoie, the final imxtme show 
be adjusted (with mdicatoi papei) to the optimal lange of pH 2 to pH 
The limiting concentiation of Indiocvanic acid in this test has been sta 
to he 1 50,000 (0 002 per cent)®, for practical piiiposes, bower ei, the sens’ 

IS limited to a concentiation of 0 004 pei cent 
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4 Alkaline Pyndiue Tc^f — To the unkno^Mi solution (2 ml ) in n medium 
sized test tube idd p\'iidinc (04ml iciocnt gndc) ind mi\ thoioughh Adda 

olution of potassium In dioxide (40 pti cent 4 ml ) ind heat one to thiee mm 
utes in a boiling A\atci batliuliilL ohsomng the pMidine l‘l^Cl foi color clniioCs 
A red coloi deiclopin^ in the pMidiiiL la^er uithin tliicc minutes signifies a 
positne test The coloi nn\ fade uith continued hentiiio and it is essential 
tlieiefore, to obsene the icaction eaiefulh 

Semiiiiity Cliloi of oi m, 0 0002 pei cent chloial Indiate 00001 pei cent 
(^^l)on tetiachloiide, 0 025 pei cent 

5 Direct p Ilydroxydiphenyl Te^t^ — To the distillate (1 diop) add a 
solution of eoppei sulfate (1 pci cent 1 diop) and then coiicentiated sulfuiie 
acid (1 ml ) Immediatch cool the tube axitli ice uatei and add a chop of the 
p droxj diphen-N 1 reagent (p In dioxadiplieinl 15 pci cent in a solution of 
sodium h'vdioxide 0 5 pci cent) Shake the mixluie thoioughh and allow it to 
stnnd foi twent\ minutes 

A blue coloi IS formed in the pitscuce of acctaldelndc this changes gradu 
alh to blight Molet (maximal coloi inlonsit\ occurs aftci t\\cnt\ to thirta mm 
^tes) uith foinialdeln de a bright giccn coloi is pioduccd but this changes t( 
blue on standing 

Sensitivity Formaldclndc 0 0002 pci cent ncetildelnde 0 0008 pci 
cent 


G p Ilydioxydiphcnyl Test Folhiitng Oxic/«/io>i * — In a Inigo test tube 
place the distillate (0 1 ml ) a solution of potassium permanganate (5 pei cent 
1 drop) and pliosphoiic acid (10 pci cent 1 diop) Aftei mixing the solution 
allowed to stand at loom tcmpciatuie foi one minute Add a solution of 
oiahe acid (satuiated) diop diop, with shaking until the solution is de 
colonzcd Aftei decoloii/atioii has occiuied add coucciitiated sulfuric acid 
(G diops) while agitating the tiilic in ice A\atci Remo\e the tube from the 
ath add a solution of coppei sulfite (1 pei cent 1 chop) and mix Replace 
Ole tube m ice Mater and agitate it while adding eonoeiiti-ated sulfuric acid 
1 I'll ) Remo\c the tube fiom the hath, add a chop of the p hi choxi diphenil 
Ration (ns in Test 5), mix mcII and allow to stand at looni tempeiatuic 
ccord am pioduction of coloi after twciiti to twenti fiic minutes 

In the piesciice of metliil alcohol a blight gieen blue to blue coloi is pio 
need while with ctlnl alcohol a biight blue Molet coloi appeals 


Scnsitiiity Methanol, 0 0008 pel cent ethanol 0 004 pei cent 

^ Didophcnol Test — To tlie unknown solution (3 ml ) slowli add con 
centratod H SO* (3 ml ) while cooling the tube in a beaker of water Then add 
^ ill amount of sodium lutiitc and mix Allow to stand at loom tempeia 
aic foi minutes and obsene the coloi 

^ In the piescnce of phenol in a coiiceiiti ition of 0 01 ])ei cent oi highci 
coloi IS produced In a still hi„Iici coiicentiation (1 1000) othoi phenols 
produce colors cresol icllow biown thjmol famtiellow 
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8 Wai e’s® Test foi Phenol — To a poition of the distillate (1 ml ) add con 
centrated HCl (3 ml ) i\Ii\ and warm in a watei bath at 70° C foi one min 
nte Quicklj add a small amount of Ware’s mixtuie (sodium nitrite, 1 part, 
sodium nitrate, 1 part, aiihjdious sodium sulfate, 2 paits) and let stand at 
room temperatuie for fi\e minutes Obseive the coloi Cool, make alkaline witli 
a concentiated solution of NH^OH, and again oliseive tlie coloi 

In the piescnce of phenol a cheiiy led coloi is pioduced m acid solution 
and a green coloi in alkaline solution Tlie test is sensitive to at least 1 ml oE 
0 02 pel cent phenol Tiiciesol and aniline piodueo jelloiv oi bioini eolore, 
but these aie leadih distinguished fiom the colois obseived in the piesenceof 
phenol 

9 Selenoii^^ Acid Test-' — To a poition of tieshh pieparcd Mecke’s leagent 
(2 5 ml) add the distillate (0 5 ml) ]\Ii\ and obseive the coloi at once 
(Mecke’s leagent is piepaied bj dissohing 0 5 Gm of selenoiis acid in 100 
ml of concentiated sulfuiie acid ) 

In the piescnce of tiieiesol a distinct led coloi is pioduced, wlieieas phenol 
is at fiist yellow gieen and giadualh becomes led-biowm 


Sensiiivih) Tiieiesol 0 005 per cent 

10 Hypochlontc — To the distillate (5 diops), m a depiession of a 

wdiite spot plate add chemically puie aqueous sodium hypochlorite solution 
(2 diops) and obseiie am change in color 

It aniline is present in eoncentiations gieatei than 0 0025 pei cent, a eloar 
violet, gradualh changing to a duty violet coloi, is pioduced 


11 Dmzotization and Coupling — The distillate (1 diop), m a depression 
of a white spot plate is acidified ivith dilute HCl (1 small diop) Add a fres ' 
piepaied solution of sodium nitrite (0 2 pei cent, 1 drop) and miv Destiov 
the excess nitious acid with a solution of ammonium sulfamate (1 par 
diop) Then add fieshh piepaied coupling leagent, N- (1-naphthyl) ethi enc^ 
diamine dihi di oehloi ide (0 2 pei cent 1 drop), and obseive the developman o 
coloi dunng a period of one to two minutes 

Aniline (and all other pnmaiw' amines) foim diazo compounds 
nitrous acid, these are conveited to highly colored azo 
N-(l-naphthil)-ethylenediamine AVith aniline a pui-ple color is 
which becomes gradually more intense w'lthin about one minute aftei a > 
of the eoupling agent Phenol, ciesol amphetamine, and nicotine aie neg> 
The test is sensitiye to 0 00065 pei cent aniline 

12 Test With Wastchy’s leagcnt^- — To the distillate (1 nil) 

with mixing, an equal volume of the leagent (/J-dimethylaminobenza e 

2 Gm , in concentiated H^SOj, 6 ml , to w’hich water, 0 4 ml , is added) 
the color immediately ^ 

In the presence of thymol an oiange to orange-red color is P|° 
whereas the control (distilled water) tested in the same manner has a pair i 

fades 

The test is positive to 0 001 per cent thjmol The orange color 
quickly 
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13 Fnlton’s Tc^t /o/' Phenols — To the distillate (5 ml ) add NH^OH 
(28 per cent, 5 diops) Indiogen peio\ide (3 pci cent 1 ml ), and a solution 
of copper sulfate (0 1 pei cent, 3 diops) Mi\ and let stand for ten minutes 
In the presence of tlijmol a pink -Molet coloi is pioduced 

This test IS not i cr\ sensitn e The absolute limit of sensitn it\ is a thj mol 
concentration of 0 005 per cent Other phenols also pioduee colois foi example, 
a solution of trieiesol produces an oiangc pink color i\hich changes to ^cllo^\ 

14 Thiocyanate Tesf^* — To the distillate (3 ml ) in a test tube add KOH 
(2N, 1 diop) and a solution of \cllo\\ animoiiiuiii sulfide (a solution of 10 pei 
cent ammonium Indioxide satiuated iMth Indiogen sulfide 2 drops) Ileal 
gently for tuo minutes o\cr the flame and add IICl (4N, 0 5 ml ) Allo\\ the 
solution to cool, add a solution of feme chlonde (1 pei cent, 3 to 5 drops) A 
red 01 red brown color indicates the piesence of c\anide 

The test is sensitn e to 3 ml of a 1 70 000 solution of c^anldc (calculated 
as HCN) 


15 Picnc Acid Test^ — To the distillate (3 ml ) add a solution of picric 
acid (satiuated, 3 drops) and a solution of sodium carbonate (20 pex cent, 
3 drops) "Waim genth o\ei the flame foi a fen minutes allo\\ to stand at loom 
tempeiatiuc for ten minutes An oiange red coloi oi precipitate indicates a 
positive test 


The test is sensitn c to 3 ml of 1 250 000 cianidc solution (calculated as 
HCN) 

16 Pesorcinol Test {Stiong Allah) — To the distillate (1 ml ) add aque 
ous lesoieinol solution (satiuated 2 drops) and a solution of KOH (20 pci 
cent, 1 nil ) Waim at 60® C in a uatci bath foi two to three minutes and oh 
serve the coloi of the solution A led coloi is produced with chloroform chloral 
hydrate, and caibon tetiachloride 


Sensitivity Chlorofoim, 0 005 pci cent chloial hjdratc, 0 002 per cent, 
carbon tetrachloiidc, 0 025 per cent 


17 Resorcinol Test (WenA- All ah) — To the distillate (1 ml) add le 
sorcinol solution (satuiatcd 2 diops) and a solution of sodium carbonate (20 pei 
1 ml) Shake and let stand for twenty minutes at room tempeiature 
Unto With distilled watci (2 or 3 volumes) and observe the tube for green 
uorescence A^iewing conditions must be optimal oi the fluorescence maj be 
nnssed View against a black backgiound with light diieeted toward the tube 
an angle of 90 degices from the line of vusion 


A solution of chloial hvdiate in a conceiitiation of 0 001 per cent is suf 
cicnt to give a positive test whereas ehloiofoian and carbon tetiacliloride aic 
Negative 


18 Phloroghicinol Test ^ — To the distillate (1 ml) add a small amount 
f9n Pbloroghiemol (chenuealh pure) and a solution of sodium caibonatc 

per cent, 1 ml ) Shake and obseivp the coloi dunng a period of one half 
lour at room temperature 
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A solution containing as little as 0 001 pei cent cliloial hydrate mil pro- 
duce an oiange-ied eoloi The coloi oi the contiol is pale-violet Chloiolorm 
and caibon tetiacliloride do not gne tins test 

19 Cluomotioinc Ac^d (Accoiding to FetgP^^) — The distillate 

(0 05 ml or 1 diop), in a test tube, is mixed ivith a solution of sulfuric acid 
(72 pel cent, 3 ml ) a little solid chiomotiopic acid (1 8 -dihydro\y naphthalene 
3,6-disulfonic acid) is added and the tube is heated in a water bath at 60“ C 
foi ten minutes A blight violet eoloi appeals in the presence of fonnaldehjde 
The test will detect foimaldchvde in a 0 0007 pei cent solution Acetaldeludc 
IS negative 

20 Fuchsin Test — To the distillate (1 ml ) add reduced fiichsm re 

agent (10 drops) and concentiated II„S 04 (5 drops) Let stand at room tem 
peiatuie for tvenfs minutes The presence of formaldehyde is indicated bj a 
violet color 

Sensitivity Foimaldeln de, 0 001 per cent, acetaldehvde is negative 

The reagent is prepared as follows Dissolve basic fuchsm (2 Gm) m 
hot water ( 120 ml ) and allow the solution to cool Add a solution of sodium 
sulfate (2 Gm ) in distilled uatei (20 ml ) and follow wuth concentrated HCl 
(2 ml ) Dilute with distilled water to 200 ml and let stand at least one hoar 
The freshly prepared solution has a yellorv color and should be stored in a cold 
room 

21 Oxidation Tests foi Methanol — To the distillate (5 ml ) add a sola 
tion of potassium pennanganate (5 per cent, 3 drops) and a solution of phos 
phone acid (10 per cent, 4 diops) Let stand at room temperature for tivo mm 
utes Add small amounts of sodium bisulfite, with mixing, until the solution 
IS decolorized (avoid excessive quantities) 

Divide the solution in two paits 

(a) To the oxidized solution (3 ml ) add lediiced fuchsin reagent (15 
drops) and concentration H 2 SO 4 (6 drops) hlix and let stand for twenti mm^ 
utes If methanol is present in the original solution in a concentration 0 
0 008 per cent or higher a violet color will appear 

(b) To the oxidized solution (1 ml ) add H„S 04 (72 per cent, 4 ml ) 
small amount of chiomotiopic acid Warm at 60° C for ten minutes (£« 
Test 19) 

Sensitivity Methanol, 0 0013 per cent 

22 Electrolytic Beduction of Niti ohenzene and Detection of the 

Compound Pioduced To the distillate (1 ml ) in a small (10 ml ) bca 

add the fieslily prepared reagent (1 per cent solution of sodium pentacj ^ 
amine feiioate, 1 ml )-^ and a solution of sodium hydroxide ( 4 N, 1 ® 
cunent is then allowed to pass through the solution using a nickel wore a^^ 
cathode and a lead wire as an anode The source of the curment can e 

a flashlight battery or a 4-volt storage battery Allow the electrolysis to^P^^ 
ceed for one-half hour If nitio compounds are present in the ongma so 
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a color mil appear driiiirg the elcctiohsis mtroheiizeuo pioduciiio a bright 
^recn color varjing in intciisrt} Mith the concenti itioii ^Ylth high concert 
tntions a darl \ lolet color ma} bo pi odneed 

Sensihvtty Nitrobenzene, 0 OOG per cent 

23 Itethiction Diazoti-ohon Test" — To the distill itc (6 drops) in a test 
tube add IIGl (2N, 3 drops) and a small aiiioiint of zinc jmuder Agitate and 
allow to stand for two to three minutes at room temper rtuie Remoae two 
drops with a dropper and irlacc them in n depression of a white spot plate, then 
perform the diazotization test (Test 11) 

In tins test intiobcnzciiL is reduced to iiiiliiic which is drtected In diazotiza 
tioii and coupling The test rs sensitnc to a solution of 0 006 pet cent nitro 
benzene 

24 Fonmldcliydc Plumbiie IcsC*"’* — To the distillate (2 ml) add 
bromine water, drop hj drop, until the light icllow color is pciniancnt Let 
stand for two minutes In this was Indiogeii siilGde which intci’feies with the 
test, IS rcmoied bj o\idation Rcnioic the excess hionnnc b\ adding a small 
amount of sodium siilfilo Then add foimaldclndc (40 ])ei cent, 5 drops) and 
alKalmo plumbito solution (5 dtops) (Pitpaic the solution hj dissoUin^ 
bad acetate 1 Gm , in ivntci 100 ml , and adding ICOII 20 pot cent until the 
precipitate winch fonns has dissoUcd ) Let stand for one half hoiii If largo 
amounts of catbon disulfide are picsoiit a black oi dark blown piccipitate will 
form while with smalloi amoiuits the solution is coloied aollow blown 

S/cnsittvtty Carbon disulfide, 0 004 per cent 

25 Ammonium Molybdate Test^ ” — To tlic distillate (2 ml ) add alcoholic 
potassium lijdroxide (10 poi cent, 0 5 ml ) and heat in a boiling water bath foi 
file minutes Cool to room tcmpoiatiuc then add ammonium mohbdate solu 
tioii (2 drops) and acidifi ivilh concentrated sulfuric nerd added drop bj 
drop In the presence of carbon disulfide a bine or gi ecu blue coloi deielops 
which, with verj small amounts of carbon disulfide, maj foim onlj icrj alowlj 

acrefore, allow the tube to stand foi two hours at loom tcmperatiiie A green 
rih j ellow color may del clop m the distilled avatci control 

Sensitivity Carhon disulfide, 0 004 pei cent 

28 Precipitation With Messier’s licagcnt ’—To tlio distillate from the 
^ aliiic solution (5 ml) add Nesslci’s reagent (10 diops) If a preeipititc 
oe‘> not appeal at once, pach the tube in lee oi keep in the rofngci at or foi it 
cast four hours and again examine for n piccipitate 

In a concentration of 01 pci cent, amphetamine pioduces an nmoiphons 
n iitc precipitate In a concentration of 0 02 per cent a white cloud appears 
•‘01 me and nicotine arc not precipitated eien at concentrations higher than 
n 1 per cent 

2i p Nitroanilinc Test * — The alkaline distillate (15 ml ) is extracted with 
nco portions (5 ml each) of a mixture of pctiolcum ether toluene (1 1) In 
'“king for five minutes wath each extraction The ammo is transferred to 



378 


MEKL,F\ AND BUEDING 


aqueous solution \\ ashing the combined ether-toluene fiaetions witli twopor 
tions of HCl (0 2 per cent, 5 ml each) The acid solution is carefully adjusted 
to pH 6 to pH 7 with dilute NaOH solution To the lesulting solution (5 ml) 
add cold p-nitrobenzenediazonium chloride leagent (5 ml ) and allow to stand 
foi an hoiii at loom temperatiiie Add a solution of sodium carbonate (1 1 per 
cent, 5 ml ), let stand foi fifteen minutes, and add sodium hj dioxide (10 per 
cent, 1 ml ) to develop the coloi 

In the presence of amphetamine a distinct led coloi is produced Aniline 
maj also produce a red color e\eii when very small amounts aie present Nico- 
tine, howexei, is negatne to this test oi iiiay produce a nondescript gicemsli 
jellou color A solution ol 0 001 per cent amphetamine (sulfate) mar be de 
teeted 

Stock-Sohition ])-Nitioaniline (3 5 Gm ) is suspended in concentrated 
HCl (5 ml ) In breaking up clumps mth a glass rod The suspension is diluted 
Mith distilled water to 500 ml, shaken for tw^enty minutes, and filtered Tlic 
filtrate lemains stable wdien kept in the refrigerator 


Tabic I Giolp Efactioxs lor Poisons in tiif Acd Stfam Distiiiate 


Group I— 

-Positive to hi online w iter 
test (1) 

Group II — Negatne to bromine water 
test (1) 

Aniline 

Phenol 

Cresol (Tricresol) 

Thi mol 

!Millon s test (2 ) 

1 

Hvdroejiinic acid 
Cliloroform 

Carbon tetrachloride 
Chloral hjdrate 
Acetaldelnde 

Fornialdelnde 

Nitrobenzene 

Metlijl alcohol 
Carbon disulfide 

1 

Positne 

1 

Negative 

Ethjl alcohol 

1 

Group I A 

Group I B 

Prussian blue test (3) 

■Xniline 

Phenol 

Cresol 

Thj raol 

Positne — Group II A 

Hvdrocjamc 

acid 

Negative— (3roup 

1 

All others 

Direct alkaline pyruJine 

test (d) 


Positne — Group II B I 

1 

Negitive — Group II B 2 


Cldoroforni 

Chloral Indrite 

Carbon tetrachloride 

(in concentration of I 5,000 or 
higher) 

Acetaldehyde 
Ethjl alcohol 
Porinaldehjde 
Metlnl alcohol 

1 


Direct p hjdroxjdipUend test (5) 


Positive — Group II B 2a Negatne — Group 11 B A 

Acetaldehv de j i nn (C' 

Pormaldeln do ^ jjv droxj diptienj 1 test follou mg 


Positne— Group II B 21) 1 Neg itnt— Group H B 21' - 


Metln 1 alcoliol 
rtinl nlcoliol 


Nitrobenzene 
Carbon dmulfide 
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Reagent The stock solution (10 ml ) is cooled (0° C ) , concentiated HCl 
(2 ml ) IS added and tlie mixture is allowed to stand at 0° C for ten minutes 
Freshl} prepared sodium nitrite solution (0 7 pei cent, 6 ml ) is added, and 
after another ten minutes at 0 C the solution is diluted wnth distilled water to 
200 milliliters The solution is leadj for use aftei it has remained at 0° C 
for two hours "When stoied in a cold loom it icmains stable foi three weeks 

28 Picric Aad Precipitation Test ^ — To the distillate (5 ml ) add picric 
acid solution (saturated, 10 diops) and mix Allow to stand in ice or in the 
refrigerator for four to six houis If a precipitate forms, examine it undei 
the microscope 

If nicotine is piesent characteristic crystals of the picrate mil appeal 
These are long thin, jellow needles winch grow m fan shaped clusters re 
scmblmg shea^es of grain 

Sensitivitg Nicotine, 0 0025 percent 

Aniline and amphetamine in much IiIbIici concentrations ma% be precipi 
tated b\ piciic acid but the piecipitatc is not chaiactciistic in appeannee 

29 Oxidation Nit) oprusside Test*® — To the distillate (5 ml ) add 2 diops 
of a buffer solution of pll 4 0 (72 ml of mohu icetic acid, 12 ml of mohi 
sodium Indioxide) potassium peisulfatc (01 to 2 Gm ) and a solution ol 
silver niti ate (1 pci cent, 1 diop) Place in i boiling, watci batii ioi one min 
Rte shake well and cool at 20° C Add cr\stallinc sodium tluosuliatc (0 05 to 
015 Gm ) shake until dissolved, add sodium mtropiussidc (10 pci cent 2 to 4 
drops), and make slighth alkaline with ammonium hvdio\ide solution (3 pei 
cent) 

In the piesencc of nicotine a icd coloi aiijicais in two to thiec minutes 
The solution must be slighth acid and must he free fiom ions which piceipitafc 
silver ions The picsence of anihiic produces a violet discoloration during the 
heating but the color soon elianges to vellow With larger amounts of aniline 
the solution becomes Idack and intcifcrcs with the test Amphetamine does 
not produce a color 

^cnntivifg Nicotine, 0 0025 per cent 

DETECTION OP lOISONS IN THI \CIP \ND VLKVLINI- STE.\M DISTILLVILS 

In T ible 1 the poisons in the acid steam distillate are classified accoidiiio 
to group leactions (Tlie figuies in paieiithescs lefei to the luinibei uiidci 
which the test is dcsculied in the pieceding section of this papei ) After i 
poison has licen classified iiv the gioup leaction its piosence is nsceitaincd liv 
hirtliGi differentiating and confiimatoiw tests (Table II) 

DISCUSSION 

1 henolic compounds such as salicylic acidj « and ^ naplithol and pvio 
j-allol arc not mchided in this scheme since in disagiecment with ccilam text 
hooks of toxicologv ^ It was found that these compounds aic not steam voJatilo 
to Qin si,,nificnnt dcgiec even if the pll of the solution to be distilled is as low 

as 2 0 
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Table n Differekti ating Tests-Acid Steam Distillate 

Group I A ~ 


INDOPHENOL 

TEST (7) 

Phenol Bed, Red 
brown 

Tricresol Light brown 
\niline Pileiellon or 
colorless 


ITARE'S TEST (8) 


VOID 

SOI ET ION 

Cherrj red 


ALKALIVE 
SOI IlT IOM 

Green 


Dark amber Yellow 
Yellow Bntrlif. 


SELENOns ACID 
test (0 ) 
Pale yellow 


HTPOCHLO 
RITE TEST 
( 10 ) 
Neg 


duzoiiza 

TIOS AM) 
CODFlI^O 
(11) 
Neg 


loiJon or Yellow t i Bed amber jNeg 

orless Palejellow Violel 

Hjdrocianic acid Group HA 

orange r ed color or precipitate 

— Group 11 B 1 ~ 

I (10 1 -m 


Chloral hjdrate 

Chloroform 
Carbon tetrachlorid e 

Acetaldehjde 

Formaldehyde 


Metlijl alcohol 
Ethil alcohol 


STR0\0 at k aii 

Bright red “ 


Bed, orange red No fluorescence NeT""’' " 

’ '"^'^ge red No fluorescence Neg 

. ^ Group JI B Sa 

£^ WOTrC)Plc ACID TEST ( 19) ) EUCHSW TEST~CT 
Neg Neg 

Bos Pos 

Group 11 B Shi 

OXIDATION (21) FOLLOWED BY 
fHR OMOTROPIC ACID TEST (19) FUCHSIN TEST (20) 

Pos Pos 

- Neg Neg 

Group 11 B £}> S 

^10 reduction I FORMALDEHYDE AMUONItJ 

DIAZOTIZATION I PLUMBITE TEST MOLYBDATE I 

- (23) I f241 (25) 

Pos Neg Neg 

YelloM, broivn, or Blue or blue 
black precipitate green colo 

or solution 


WEAK AL KALI 

Green fluorescence 


PHLOROGLUaNOE 

TEST (18) 

Lilac, changing to o; 

ange, to red 
Neg 

Neg . 


FUCHSIN TEST (20) 
Neg 
Pos 


Nitrobenzene 
Carbon disulfide 


ELECTROLYTIC 
REDUCTION 
( 22 ) 
Green color 
Neg , Tellow col 
or of reagent 


AilUONlM 

MOLYBDATE TEST 

(25) _ 

Neg 

Blue or blue 
green color 


n Differentiating Tests — Alkaline Steasi Distillate 


Amphetamine 


Nicotine 


Aniline 


nessler’b 

TEST 
I (2G) 
Pos 


P MTRO 

aniline 

TEST 

(27) 

Pos 


PICRIC ACID 
TEST 

I (28) 

Amorphous or 
no precipi 
tate 

Characteristic 
needle shaped 
crystals 

Amorphous or 
no precipi 
tate 


' OXIDATION 
NITROPRUS 
SIDE TEST 

(29) 

Neg 


red color 


Neg or 
black 


DIAZOTIZA. 
TION AND 
COUPLING 
( 11 ) 
Neg 


I Hire 
chwfue 

TEST 

(m 
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Tests for the presence of aniline should be earned out in botli tlic acid and 
alhaline steam distillates since this compound is steam volatile at both pH 
5 0 and pH 8 0 

Carbon tetiachlonde is positive to the tests listed for chloi’oform, but only 
m much higher concentrations Therefore, if these tests aie positive, the possi 
bilit} of the presence of caibon tetrachloiide should be kept in mind How 
ever, if the steam distillate is positive to these tests and docs not liavc the odor 
of carbon tetrachloride, it is likelj to contain chloiofom 

Acetone is not included in the scheme Since ketone bodies are normal 
intermediaries of fat metabolism steam distillates of homogenates from tissues 
(such as liver and kidnev ) regularlv give positive reactions if sensitive tests for 
acetone are performed 


SUMMARY 

An analytic scheme foi the detection of the more common steam volatile 
organic poisons is described 
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A METHOD FOR THE DETERMINATION OP TITERS BETWEEN 10 
AND 100 IN THE QUANTITATH'^E COMPLEJIENT PIXATION 
TEST FOR SYPHILIS 

Euzvbeth M\lt\ner BS and Glid\s M Gnesh BS 
Alb vn\ N Y 

T he -value of quantitatnc tests m diagnosis snd control of tieatnient of svph 
ills IS now ivideh sppreciated The complement fi-sition test developed in 
tins hboratorv is based on essontnl (|inntitstnc piiiiciplcs' ■' and in piactiee 
™lds an accniatc and lepioducible iiidc\ of titci '* Studies have long been 
directed to a simplification of the metbod tb it noiild not siicnficc the advantages 
of an bptimallv adjusted svstem The present repoit describes an abbieviated 
technique in which fom or sin dilutions of the specimen are titnted with sin 
50 per cent units of eoinplenieiit The final values aie lead diiectiv from tables 
The method is well suited to the testing of sen fiom patients under tieatroent 
for priniarv oi secondarv sv pliilis and indeed foi all but an occasional specimen 
The lationalc and technique for detennining titci-s gicatoi than 10 in the 
quantitative complement fiNUtioii test foi svpbilis have Iicon described in pi-c 
vious publications’ The pioceduie' fii-st used ciuploved a ginphic eNpres 
Sion of the results, on the basis of which titers weic deteiniiiied bv linen CNtra 
polation This method icquiied testing sevoinl dilutions of a specimen with 
vamng amounts of intigcn and 3 6 9 and 12 units of complement and was 
applicable to specimens of all dcgiees of leactivitv Titei-s fiom slightlv over 
10 that IS 11 01 12 to titci-s of 300 to 500 and even up to 2000 woie obtained 
A proceduie in which 6 and 9 units ot complement wcic used each with a single 
amount of antigen was latci found to sim|)lifv the technique consideiablv with 
out gicat saeiifice of aecuiacv ■' " The giaphic method of estimating titeis 
was supplanted bj tables of e ilculatcd values ENpeiience with this method in 
testing seia fiom patients undei treatment foi piimarv and sccondaiv svphilis 
indicated that titers up to 100 fuinisli as much information as is lequiicd in the 
management of such eases The pioccduic heie desciibed was designed pii 
niarilv to deteimiiie titci*s in the lange of 10 to 100 It enn neveitlicless be 
extended leadilj to detemine liighei titcis 

A preliminaiv titei range test is pei-foimed to select the amounts of scium 
to be tested 

Techiiquc of the Tiiet Ilanr/e Tcti foi Use With Venon— The technique of 
t'le titei range test diftci-s sli^btlv fiom the one prcviouslv described '' Proceed 
ns indicated in Table I Piepiic the 1 5 dilution of the reacting scrum to bo 
tested using as a diluent jiooled liiiman seiii that aie cleai and colorless aic not 
nntico mplcmcntaiv and have failed to react in seiolo„ic tests foi svphilis Use 

from til DM Ion of Laboratories anil Be eiircli Nin Vork State Dei artnient of Health 
neccliol for niitiUcatlon Dec 1 lOl" 
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this diluent also to adjust the \olume of serum to 0 05 ml m tube 2 Inactivate 
the diluent foi thirty minutes each day befoie use Conti ols of the anticomple 
mentary activity of the specimen aie included in Table I but are not essential 
They are of value m estimating the appioximate titer 

Table I PreuMiNArv Titer Range Test of Serlm 




1 



i t audio 

i 







reacting serum 

EQUrVA 
i LENT 
AMOUNT 

POOLED 

NON 

PEACT 

1 LIPIN 
ANTIGEN 

UMTS or 
COMPLEMENT ! 

SALT 

PEFIOD 

SEN 61 

tized ! 



i 

1 A510UNT 

PIPETTED 

OF 1 

seeum ! 

I\G 

SERA 

DILUTED 

1 67 

PEP 0 1 ml 1 
(ML) 1 

SOLD 
TION ' 

OF 

FIXA ! 

SHEEP i 
CEU.S 1 

n? 

mi 

TUBE 

DILUTION 

(ML 1 

(ML) 

(ML) 

(mi ) 

1 

6 

(ML) 

TION ' 

(ML.) ! 

ns 

1 

1 5 

0 05 1 

0 01 


01 


01 

0 05 

4 lir , 

3 6°e 

02 

laci- 

3)*C 

2 

3 

4 

1 5 

Undiluted 

Undiluted 

0 02 

0 05 

0 05 

0 004 

0 05 

0 05 

0 03 

01 

0 1 

02 

01 

0 05 
015 

0 05 


1 02 

02 1 
i 02 i 



Tubes 3 and 4 can be omitted If an estimated titer is not desired 

The titer is expressed as the latio of the amoimt of complement required to 
give 50 per cent hemolysis with 0 05 ml of serum (or 0 2 ml of cerebrospina 
fluid) and an optimal dose of antigen to the amount required to give 50 percent 
hemolysis with the same amounts of the specimen alone Foi convenience, t ^ 
findings with specimen and antigen aie referied to as (S+A) and vnth t c 

specimen alone, as (S) The titei is the ratio and is evpiessed m b'O 

significant figures Recoid the peicentage of hemolysis in each tube b) 
parison with a color standaid Determine the values of (S+A) bj reference 
to Table II 


Table II Values op (S + A)* fop Tests With 6 Pmts op Complement, 

Diluted Serum 


ANTIGEN) DI> 


PER 

serum diluted to 1 

' 25 

I 30 1 

40 1 

5 0 

1 60 ! 

1 75 1 

95 1 

12 0 

HEMOL 



EQUIVALENT ML OF 

UNDIIUTED SEPUM 


VSIS 

0 02 

i 0 0167 1 

1 0 0125 1 

0 01 

1 0 0083 

1 0 0067 1 

0 0053 1 

0 004 

5 

23 

27 

36 

46 

55 

68 

86 

114 

10 

21 

25 

33 

42 

50 

62 

79 

104 

15 

20 

23 

31 

39 

47 

59 

74 

98 

20 

19 

22 

30 

37 

44 

56 

70 

93 

25 

18 

22 

29 

36 

43 

54 

68 

90 

30 

17 

20 

27 

34 

41 

51 

65 

85 

35 

17 

20 

27 

34 

40 

50 

64 

84 

40 

16 

19 

26 

32 

38 

48 

61 

80 

45 

16 

19 

25 

31 

37 

47 

59 

78 

50 

15 

18 

24 

30 

36 

45 

57 

75 

55 

15 

17 

23 

29 

35 

44 

55 

73 

60 

14 

17 

22 

28 

34 

42 

53 

70 

65 

14 

16 

22 

27 

32 

41 

51 

68 

70 

13 

16 

21 

26 

31 

39 

49 

65 

75 

12 

15 

20 

25 

29 

37 

47 

61 

so 

12 

14 

19 

24 

28 

35 

45 

59 

85 

90 

11 

10 

13 

12 

18 

16 

22 

20 

26 

24 

33 

30 

42 

38 

55 

50 



TodsTwl’ 
— w 
iro 
]60 


• ( S + A) The units 
antigen (Table IX, line 4) 


of complement required for 50 per cent hemoljsis u 
multiplied by the dilution factor 


137 
125 
117 
111 
108 
102 
101 
96 
93 
90 
87 
84 
81 
78 
74 
71 
66 
60 

uiTsP^iG’® 


150 

DO 

140 

130 

130 

120 

120 

120 

110 

110 

100 

9S 

94 

88 

«0 

81)4 
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Interprciatwti of the Titer Range Test With Senim — "Wlien complete he 
molysis IS obtained with both amounts of senim tested, the value for (S+A) 
IS less than 20, and amounts from 0 02 thiough 0 01 ml should be tested to 
determine the exact titer (see Table 11) Pi\e hundiedths of a milliliter of 
senim diluted from 12 5 through 1 5 aie used m the test 

When partial hemolysis is obtained with eithei amount in the titer range 
test, determine from Table II the amounts of serum and the sequence of dilu 
tions to use, for example, if 10 pei cent hemolysis occuis iiitli 0 01 ml and 
complete hemolysis with 0 004 ml, a xalue between 42 and 50 is indicated 
Therefore, test the serum diluted from 1 4 through 1 12 5 These dilutions 
include one amount above and one below the range of xalues indicated for 
(SeA) to allow for possible x ariations in eomplement 

When no hemolysis is obtained in cither amount in the titer range test, the 
value of (SfA) is greater than 100 If the exact titei is desired in such instances 
titrate amounts smaller than 0 004 milbliter For this purpose, use a series of 
dilutions ten tunes as great as those given m Table II 

Table III indicates the amounts of icaeting and nonreacting serum used 
to prepare the dilutions 


Tabu; in Auodnts of Eeactino and Nonreactino Sepum Used m the Ppeparation 

OF DILDTIONS 


DILUTION 

REACnNO 

SERUil 

(ml) 

NONREACTINO 

SERUM 

(ML) 

IM 

REMARKS 

1 2.5 

0 08 

012 

0 02 

Higher dilutions in 

1 3 

007 

014 

0 0107 

the same proffres 

1 4 

0 05 

015 

0 0125 

Sion can be pre 

1 5 

0 05 

02 

0 01 

pared for determin 

1 6 

0 04 

02 

0 0083 

jnff titers preatcr 

1 75 

0 04 

0 26 

0 0067 

than 100 Do not 

1 95 

0 02 

017 

0 0053 

pipette less than 

1 12 5 

0 02 

0 23 

0 004 

0 02 ml of reacting 

1 16 

0 02 

0 28 

0 0033 

serum to prepare 

1 20 

0 02 

0 38 

0 0025 

dilutions for these 
tests 


Techmgue of the Titet Range Test for Use With Cerebrospinal Fluid — 
When the titer of the cerebrospinal fluid is greatci than 10, perfoim a titer 
range test as outlmcd in Table IV Use Table V foi determining the value of 
(S+A) Dependmg upon the range of reaction mdicated by this test, use in 
the final titration, vaiying amounts of a 1 2 dilution made with salt solution 
m the sequence of amounts given in Table Y If titers greater than 100 are 
desired use a 1 20 dilution 

Technique for Deteimination of Titers Retween 10 and 100 for Both Serum 
and Cerebrospinal Fluid — The method of testing is illustrated in Tables VI 
and VH, and typical results are shown m Table VIII The calculated values 
for (StA) corresponding to the degrees of hemolysis obtained m the test of the 
different amounts of the specimen used are shown in Tables II and V These 
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DILTJTIO'^ 

or 

specimen 

^uJaGuti^ 

ttBdGvitecS 
'OniiV'ited 
1st dilution 
3nd dilution 
3rd dilution 
Itti dilution 
5tli dilution 
(5tli dilution 


:ii ^ 0 1 0 ^ . (nr w 

rf-’” 

leactmg ^ose ol anUgcn, as r 
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that IS, 0 05 ml duidcd 1)\ the millilitciN of scrum used Foi example in a 
test 111 ■which 65 pci cent hemohsis occurs \\ith 0 05 ml of a 1 5 dilution of 

senim, (S-^A) ^\ou)d he 5 4 y qq^* ' Slmlhl]^ in a test of 0 02 ml of 

cerebrospinal fluid 40 pei cent hemohsis would eoi respond to an (St-A) -lalue 
of 64 or 64 


Table MI Detepmination oi Titffs oi Cepebposi is vl Fllid lp to 100 


WLunos 

OF 

RPEClilES 1 

AJIOUNT 
PIPFTTED* 
(ML.) ! 

1 

SALT 

SOLU 

TlOSf 

(MI.) 

CVPJ)IO 

MPIV 

AS TICES 

«70 

* — 

PILCTED 

1 90 

(ML ) 

US ITS OF 

COMI I EMEST 

PEP 0 1 ML 

1 (MU) 

1 1 III) 

PFPIOP 

or 

FIXA 

nos 

SESSI 
TIZED 
CELLS 
(ML ) 

PEPIOD 

OF 

HEirOL-i 

SIS 

Undiluted 

02 

0 1 


0 1 

4 hr 

02 

15 min 






3 6 C 


3” C 

Undiluted 

0 2 



02 


02 


Undiluted 

02 

01 


01 


02 


1 2 



01 

01 


02 


1 2 



01 

01 


02 


1 2 



01 

01 


02 


1 2 



01 

01 


02 


1 2 



0 1 

01 


02 


1 2 



01 

0 1 


02 



Varies according to ranffo of activity («ee Table X ) 

tBalance to a \oIume of 0 4 ml acconllnt; to amount of (lUutlon plrctte<1 


TaBLF X III T\I ICAL JlFSULTS OF TeSTS TO DCTEPillSE THE TITER OF ^EPLM OP 
Cepebpospisal 1 LinD 


RPECI 

mes 

WLLnos 

OF 

BPECIMES 



PEP CENT HEMOLYSIS 
XVITD UNITS OF 

COMPLEMENT 

VALUE OF 

(S)* 

(PJL\D 

FPOM 

TABLE 

IX) 

VALUE OF 

(S+A)t 

(pj:ad 

FPOM 

TABLE 

II OP V) 

TITEP 

(S+A)t 

1 1 2 1 3 1 C 

Cs) 

Serum 

Undiluted 

0 Oo 

OOo 

25 

1 23 




Undiluted 

0 05 

0 05 

25 

1 23 




Undiluted 

0 05 

0 03 

95 





1 4 

0 05 

0 0125 

0 


>36 



1 5 

0 05 

0 01 

15 


39 



1 C 

0 03 

0 0083 

30 


41 



1 75 

0 05 

0 0067 

5j 


44 









1 23 


1 95 

0 03 

0 00o3 

8j 


42 



1 125 

0 05 

0 004 

100 


<50 


Cerebro 

Undiluted 

02 

02 

45 

1 04 



Bpinal 








fluid 









Undiluted 

0.2 

02 

100 





Undiluted 

02 

02 

100 





1 2 

0 16 

0 08 

0 


>23 



1 2 

1 2 

0 13 

0 1 

0 065 

0 03 

5 

25 


28 

S9 

f9 = 28 








1 04 


1 2 

0 08 

0 04 

60 


28 



1 2 

0 07 

0 035 

80 


27 



1 2 

OOC 

0 03 

90 


2 



(^>) The reaction A\lth the specimen alone 
t(S + A) The reaction ^^lth specimen and antipen 



388 


MALTAKER AND GNESH 


U 

cs 

« 

U 

Qg 

B S 

o g 

2 

< w 
& J 2 : 

O g 

cr* o 
•"• to 

CO g 


cj 

O o 

to 

S 

a 

S 
o*^ 
^ < 

p £ 

g o 

d§ 

§1 

Mq 

“CJ 

w o 

§ & 

W52, 

§ ^ 

o 5 


oc^ 

K 

§g 

G 

U CQ 

a H 
j:; 16 

5 .« 


P^JZi 

&< 

4 ; e< 

w 

S M 

^ '*5 

ga 

5 a 

^■S 
<= &. 
ra 

a« 

pg 

o 

W 4 

H 

G 

n 

< 

B 


I 


iD O 

1 

o 

CO 03 Ci O 00 


o 

O rH r-i rfl 00 



•H Ol 


IG 

r-^ ir^ 


00 

O r*< 03 O 



O (M 


O 

ir? fC f«* r-J 


CO 

O 1-1 CM O 


— 

r-f 


LO 

CD 0> rh cr LD 


l-^ 

O 1-1 03 O 



«-s 



iD CJ 


o 

00 CO ID 01 CO 



O r-1 03 ID CD 



r-( 



00 <£5 


tG 

CO 1- CD rj< 03 


CO 

O T-1 03 iD r-i 



r-l 





o 

Cs CO CO O ID 


CO 

O r-1 03 ID 1-5 



rS 



CD Ol 


*G 

OOC'COt'- 

u3 

>•1 

O 1— 1 03 ID r-1 

W 


r-t 




>J 



o 

O 

O O CD O O 

r* 

lo 

i-t 03 CO CD 03 

£b 


i-< 

S 





-f t- 

W 

IG 

O O r-l 03 03 

o 


r-t 03 CO CO oa 



1— < 

fid 

. 


fil. 



G 


o c» 


O 

O 03 -41 ID 



r-i 03 e^ CD C3 



r-< 



Ol C5 


m 

r-5 03'^t—t'- 


CO 

>-5 03 O*' O 03 



i-y 



C5 l- 


o 

rH CD ID CO CD 


CO 

rH OJ CO CD CO 






CO 


ID 

03 -41 t>. 03 CO 


03 

1-1 03 CO t> C^ 



Tl 



03 CO 


O 

CO td> Cs *i4< ID 


03 

r-1 ol CO t- CO 



1-5 



O rH 


tf3 

CO CO 1 — 1 oo o 


t-H 

1-5 03 *41 t- -41 



1—5 



■rjl CD 


O 

LD C> O CO -41 


•"I 

1-1 CO -41 05 -*■ 



1-1 



CO t-5 



t- ID C> iH O 


to 

1-1 CO ID C5 ID 



1-1 

C=* ,, 



^ S 



03 g 

«z; 

03 CO CD 03 


« 

1-1 

fe; o 

p\ 


a o 





DETERMINATION OF TITERS BETWEEN 10 AND 100 IN TEST FOR SYPHILIS 389 


The 50 per cent unit \alues of the leactions in the controls of the specimen 
^vlthollt antigen are also lead from Table IX Deteimine the tilei by diMding 
the maximum value foi (S+A), Table II oi Y by the ma\imum -value for (S) 
Table IX Considci specuuens anticomplemcntaiy if the reaction without anti 
gen IS 2 0 01 greatei Anticomplementai> leactions can be measured, but since 
it IS doubtful how much this propeita of seium oi ceiebiospmal fluid affects 
the fixation due to syphilitic reagin the titeis olitained with anticomplementao 
specimens must be considered appioximate \ nines onlj Alwa-\s include contiols 
(S) with sufficient eompltment to pioduce paitial degiccs of liemohsis in tests 
of antlcomplemental^ specmiens Whenciei the \aliie of (S) is less than 1 
the value of (S+-A) represents the titci of the specimen that is a value of less 

than 1 IS nevei used m the denominator of the fiaction 

(S) 

Evaluation of Results — Conipaic the ma-ximum leaction obtained with 
seium and antigen in the final titration wutli that obtained in the titer lange 


08 

1015 

105 

108 5 

IP 

115 5 

119 

122 5 

P6 

129 5 

133 

136 5 

140 

143 5 

147 

150 5 

154 

157 5 

161 

164 5 

168 

1/15 

175 

178 ^ 


Table X Chart to Aid in Detekminino Kelative Discrepancy 
(If b Is Less Than Indicvted, the Reiwvtivp Discpepwcy Between 
THE NuBIBERS (a AND B) IS LESS TiIAN 25 PER CeNT) 


1 B 

A 1 

B 

A 

) B 

A 

I B 

120 

182 

234 

3oG 

432 

616 

792 

130 5 

185 5 

238 5 

343 

441 

630 

810 

135 

189 

243 

350 

450 

644 

828 

139 5 

192 5 

247 5 

357 

459 

658 

846 

144 

190 

252 

304 

468 

672 

S64 

148 0 

203 

261 

371 

477 

686 

882 

103 

210 

270 

378 

486 

700 

900 

157 5 

217 

279 

o85 

49j 

714 

918 

162 

224 

288 

392 

504 

728 

936 

166 5 

231 

297 

406 

522 

742 

954 

171 

238 

306 

420 

540 

756 

972 

175 5 

245 

315 

434 

558 

770 

990 

180 

252 

324 

448 

576 

784 

1008 

184 5 

259 

333 

462 

594 

1 812 

1044 

189 

266 

342 

47 G 

612 

' 840 

1080 

193 5 

2/3 

351 

490 

6u0 

868 

1116 

198 

280 

360 

504 

648 

896 

1152 

202 5 

287 

369 

618 

666 

924 

1188 

207 

204 

378 

532 

684 

952 

1224 

2115 

301 

387 

546 

702 

980 

1260 

216 

308 

396 

560 

720 



220 5 

315 

405 

574 

738 



225 

322 

414 

588 

756 



229 5 

329 

423 

602 

774 




test Determine the relative discrepancy either by di-viding the difference of 
die two results by the mean or by compaimg them with the pairs of numbers 
hsted m Table X Bepeat the examination of specimens if the findings show 
niore than 25 per cent relative disci epaney If controls without antigen have 

licen included in the titer range test companson of the intios, , rather 

*>80 of the Tillies, (S+A) usually shows closer agi cement and less repetition 

'■5 required 
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MALTAXER AND GNESH 


DISCUSSION 

In loutine piactice m tins laboiatoij^ about 85 pei cent of specimeai n 
cened foi seiologie tests foi syphilis can be icpoited as not leading on the 
basis of two piehminaii tests — one of complement fixation^®’' and the other of 
piecipitation^®'^, both tests aie oversensitive and lequiie one tube each Tk 
leniaining leacting seia aie tested in the six-tube quantitative piocediue,”'* m 
winch titeis up to 10 aie deteiramed Specimens having titeis greatci than 30 
— about half of those examined quantitative!} — aie then tested m a tnolube 
titei lange test, iiliuh indicates the dilutions to be used in detei mining the 
exact titei The sureessne tests i educe to a minimum the numbei of specinietis 
lequiiing titiation ni dilution and some advantage is denied fioin the con 
finnatoi-j eiidonce thei affoid 

Studies <m ))cing continued to modify the technique of the six tube qua" 
titatiie test to i xtend the laiige of deteniiiiiable titei somewhat hevond 10 It 
is hoped iliat this mil laigeli eliminate, oi peiniit bettei intei pi elation of, the 
so called itipieal leaction in these lowei langes and also avoid the 
index of titei occasionalh eneouiiteied in the tube containing 12 units of com 
plement uhich non lequiies a supplemental v test to coirect Possibh agicku 
llcxihihtv ot jiioceduie mil lie pio\idcd also 

SUMMARX 

A simplified technique foi deteimining titeis betiveen 10 and 100 in the 
quantitatne complement fixation test foi siphilis is deseiibed Tno amounts 
of seium 01 ceuhiospinal fluid aie tested to deteimnie the lange of leactmt' 
and fiom toui to six dilutions aie tested to deteimine the exact titei Although 
the method is designed immaiih foi deteinunation of titeis undei 100, it 
also applicable to deteiniinations of higliei titeis 

The pioeeduie lesults in mateiial sac mg of tm.e and leageiits as coinpnm'! 
mth picMous methods 
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CONTROLLED EXCISION OP CANCER 

Frederic E Mohs, ]\I D 
JIadison, Wis 

With the Techmcal Assistance or Jean Turnbull Raan 

T cliaiacteuzes the chemosurgicai 
tions of spTeiJl of fiozen aee 

descubed^^® the ehemo suspicion As previously 

fi-atm 7; situ of 1 (i) 

chemical such as zmv '"r ^ containing a fixative 

IS divided intn ^ ^ excision of a layei of fixed tissue whicli 

iptraS r,,:“\r;r“" ‘"' ">■">■ 

throueli the iiudn, c v ’ ^ piepaiation of Dozen sections bv cutting 

uudei the uiieio<! cf each specimen, ( 4 ) the scanning of the sections 

on the man cope so t lat the remaining areas of cancel can be indicated 
( 6 ) lepetition of ^cation of the fixative to the cancel ous parts of the lesion, 

sections aip niieiotechnical piocednies by xilnch the fiozen 

applied to tlie pf. Poeial consideration of the fiozen section teehiiiqiie as 
of obtainmff specimen is desirable because of the impoitancc 

of a supcmipn tc 1 ♦ j ^ sections must be complete because if any pad 
whetliei tlie lost aning the sectioning piocess, the opeiator cannot knoiv 
loiow whethei fui-tW^ eanceions or noncanceious and therefoic cannot 
sitated the dpvplonrr) + requiied These considerations have neces 

for the prepaiation of / details of technique The usual procedures 

been found uspfoi ^ozen sections along with the modifications uliich have 
usetul are given heievvuth 

technique 

lesion specimens as they are excised fiom d"® 

Since It IS the und ' of tissue which aie appioximately 1 cm acro^ 

specimen is frozen o specimens that is to he investigated, the 

tion* which has Z 

Paitially Dozen by rapidly opening and closing the valve 

SVemo^l Fund' Tna® th'e'’ wu/consin ® Brlttingham Fund the Jonathan Bowman 

roK O’e Chcroosur^P^ ^K < Foundation ,, 
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several tunes Although the specimen has ordmarilj been flattened before place 
ment upon the stage, it is often necessar-v to elevate one oi more edges bj cut 
tmg into the ice under the specimen with a knife If the tissue is ii regular in 
thickness it raaj be neeessarj to flatten it with the broad surface of a scalpel 
handle before mounting it on the stage 

It IS important that the specimen be oriented so that the microtome knife 
strikes the narrowest part of the specimen first and moves diagonallj over the 
greatest area (Pig 1, A, B C, and D) Specimens containing connective tissue, 
muscle fibei-s, or cartilage should be mounted so that the fibers (oi the long 
avis of the cartilage) are parallel to the direction of movement of the knife 



Fig 1 -^Dlasrams showing the recommended angle at which the microtome hnlfe hould meet 
specimens of different shapes and consistencies 

(Pig 1, E and F) If a vertical section of the flat piece of tissue is eut its 
long axis IS placed at an angle of about 65” m lelation to the knife (Pig 1 G) 
The specimen sliould nevei he placed so that the entire edge meets the knife 
at the same time because this wall erush the tissue eaiise the knife to jump 
over the specimen, or push the entire block off the stage 

Specimens containing skin aie placed so that the skm edge is not cut 
first Likevnse tissues which are heterogeneous in consistency are placed so 
that the softer part of the tissue is cut first This provides a firm backmg for 
the knife to cut against 

Cutting of the Specimen — -When tlio block of ice has been frozen to the 
optimum degiee of hardness, the section is cut with the microtome knife which 
IS usuallj used di-y and at room tempeiaturc Each section that is eut adheres 
to the blade and is remov ed w ith the moist finger and placed m a glass dish of 
cold vvater If the tissues aie fragile this operation must be done gentlj If the 
tissues aie pulled apart by the surface tension as thej aic placed in the water, 
It IS advisable to add a few drops of an aqueous solution of a surface tension 
depressant such as Zepluran 

Sections are best cut at a thickness of 15 to 25 microns If the tissues 
“re cut thinner, those that do not contain fairly large amounts of connective 
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tissue will fall apait Cancel tissues mth a meagei connective tissue stioma 
fattv tissues, and tissues lieai ih" infiltiated with leucocytes aie likelv to k 
fiagile, while tissue containing caitilage and consideiable aiiionnfs of connec 
tive tissue will hold togethei eien though cut veiy thin 

It IS particulaily impoitant that the Iniife he kept yeiy sliaip Oidinarili 
It should be stiopped daih and honed weekly Foi best icsiilts the niiciotoinc 
should be one uhich is constiueted so that the knife is held fiimly A ]^^llf^ 
holdei which slides on tiacks, such as in the Bausch and Lomb clinical miciotome 
IS satisfaetoiy fiont this standpoint 

Oidmanh, foui oi fi\e complete sections aie cut fiom each specimen 
The water in the disli is changed aftei cutting eacli specimen so as to aiod 
mixing of the seclions fiom diffeient specimens 

Mountinq nf tjn — The sections aic iioiked onto the slide vitli 

a cmied mttal teasing needle If theie is a tendency foi the specimen to 
bleak up it is jinjioitant that the fiagments he pieced together so that no 
part of thr siftion is missing The edges of the specimens usually haie boon 
maiked yith (o)onng mateiials (meibiorain, y ashing bluing, and India ml) 
foi the jnaposc of oiientation when the sections aie examined undci tlie micro 
scope Tliesi niaikings yliich peisist thioughont the staining process aid m the 
leariangemcnt of ani tiagnients which may fall out Any folded areas msj 
be lemonntcd b\ tloatnig off that aiea and lemomitmg yithout detaching 
the yhole section It tlie section is ciuled up it mac he uiicuiled hi attaching 
one edge to the slide and diaiving the slide out of the watei so as to iinioH it 
If the seitioii is not too iiagile, it fiecjuently is possible to woik the lol! loo*'' 
hr" genth inoi mg it aiound in the yatei with tlie ynie teasei 

It usualh IS achisalile to put thiee sections on one slide, paitieulan J 
thei aie fiagilc and li theu is some likelihood of the sections being inconipkc 
Hoyeiei one good section is all that is necessaiv Tlie slide is then hlott 
caietulh and thoronghh yith a \cn diy soft towel, prefciahly an old one tm 
has the lint y asln d tiom it It is best to blot oiilj one of the sections first to sw 
if the section yill cling to the toy el If it docs so, the othei sections mai 
fixed to the slide hr passing it tliiough an alcohol flame sereial times The ® ^ 
IS niimbeied with a ya\ pencil and put in 95 pei cent alcohol to await sta""’ 


Staining — The various solutions used in the staining piocess are 


kept » 


Coplin jais These jai-s contain fire slots so it is conrenient to inn five si 
a time, keeping slide numbei one in slot number one, slide numbei tvo 
number ty o, and so foi th Some of the slides mar be i un ahead as long 
are kept in theu piopei slot so that theic is no danger of getting Ihe sec 
mixed pj 

The pioeeduic foi the dehydiation, staining, cleaimg, and inonnb' = 
the sections is as foUorvs 

1 Ninety-five per cent alcohol The slide mar’’ he left m Ibis so 

foi anr' time or ei fifteen seconds pij 

2 Celhilose mtiate (Pailodion^) solution Tlie slide is guinkb P 


•Mallmckrodt Chemical IVorks St Louis, Mo 
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in tins solution m hieli should be i other thin If it is too thick it and the sections 
tend to peel off the slide Jloieoiei n thick latci picients the leodi penetia 
tion of the stun and piolongs the pioeess The solution is made hi dissoliing 
one stick (1 Gin ) of pailodion in 30 ce of a solution of equal puts of ethei 
and 95 pci cent alcohol Aftei dipping in the eclhilose iiitiato solution the 
slide IS dried hi immediateh blotting fiiiiih lutli a clean dn ton cl 

3 Hematoxylin Appioxiinatch t "0 mmiites is the usual staining 
time but the slide luaj he left in longci if the tissue does not take the stain 
well Dclafield’s liematoxi lin is used This stain lasts iiidcfiniteli hut it is 
advisable to tiltci off the piecipitatc even da\ befoie using After staining 
the excess dje is u ashed off the slide in a dish of vvatei 

4 Acid alcohol This solution is just stiong enough to destain the 
aveiage section ivith one dip It is made hv adding 25 e c of concuitiated 
hjdroehlone acid to 500 ec of 70 pci cent ethanol Tins solution is changed 
once a week or more often if ncccssai'j 

5 Alhaline watei If the tap watci is alkaline it is comemeiit to let 
the slide stand in a dish of water to alkalize Otheiwiso a weak solution of 
sodium hicarhonato is used and the sections nie allowed to remain m the solii 
tion until thoj aie blue This ttsunllv takes one or two minutes Onh one 
slide should he in the solution at a time because the sections mav loosen and 
come off at this time and he mixed If a section floats off it mav be mounted as 
before, blotted with a div towel, and continued in the staining pioeess It is 
advisable to blot the sections at tins stage to insuie the removal of watei and 
bubbles from under the sections 

6 Eosin The solution is adjusted so that one dip of the section gives 
idequate staining The stocl solution is made ns follows Dissolve 2 5 Gm 
aqueous eosin in 500 cc distilled watei Add 4 ce of concentiated livdro 
chloric acid and 1 cc of glacial acetic acid Poiii off the suiieniataiit and save 
the precipitate which is washed six times with watei Filter and drv the 
piecipitatc There will he about 0 5 Gm of precipitate this is dissolved in 
100 cc of 95 pci cent alcohol The stain mav be diluted with 95 per cent 
alcohol if it stains too deeplv Alcohol is also added as needed to leplace that 
lost bj evapoiation The solution should be filtered vvhcnevei particulate mat 
ter gathers in it 

7 Alcohol and cthei Ticat with tins solution foi two minutes or 
more This solution is made up of equal paits of cthci and 95 per cent alcohol 
and It should be changed dailv 

8 Ibsolutc alcohol Ticat with this solution foi one to two mniiitcs 
01 until all of the pnilodion is lemoved Tins solution should be changed once 
0 week 01 mole often if iiecessaiv lor eomplctc dchvdiation of the sections 

9 Carhol xylol Ticat with tins solution until the tissues aie clcai 
T''o minutes oi moie mav bo icipiiicd The stock solution is made bv adding 
300 cc of xjlol to 100 Gm of phenol crvstals The solution oidmaiilv is 
changed once a week 



396 


MOHS 


10 Xylol Tieat with this for two minutes or moie Change the 
solution iieeldy 

11 Mount %n Clunic and eovei Mith a 22 by 50 mm covei slip This 
laige size coier slip is desnahle because several sections aie placed on each slide 
The clarite solution is made bj dissolving 60 Gm of elaiite “X” liydiocarhon 
resin in 40 cc of toluene Clarite is piefeiable to balsam because it haidens 
moie lapidh and because it does not become yellov with age 

Sections made vith this technique haie not deteiiorated aftei peiiodsot 
01 ei twelve yeais 


SUMMARY 

The miciosiojnc contiol of excision attained by the chemosurgical treat 
ment of eancti is dependent upon the completeness of the fiozen sections of 
the tissues whidi haie been fixed in situ piior to excision To make possible 
these complete sect ions a iiumbei of modifications of the usual fiozen section 
technique ban been deiised A pioceduie embodying these modifications r> 
desciibed The sections, vliicli aie stained with hematoxjdm and eosin, are 
peimaneiit 
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Erratum 

In the paper bj Dominguez, Corcoran, and Page, hlannitol Kinrfics of jjj 

Excretion, and Utilization in Human Beings, which appeared m the October 
JouBXAn (32 1192, 1947) equation 13 of Table I should be 

V — 

a/3 (Pa + ab) 

V — G 
* (pa + ab)z 


or, m terms of 6, 



PTEROlLGLUTAinO ACID M FICICNCY IN SWINE EFFECTS OF 
TREATMENT M ITH PTI RO\ L&EtTAMIC ACID LIVER 
EXTRACT \ND PROTEIN 


(rFORCF D Cartwright, M D Ji\f Fw,* JID Betti. Tatting BS and 
Maxwell M Wintpobe, MD PhD 
Salt Like Cm, Utih 


T he discoien of tlie cffeetiA encAs of pteroj 1 *lutamie acid m the treatment 
of the macrflcj-tic anemias lias, so far, failed to claiifj our understanding 
of the pathoguiesis of these sncmi is ’ It has now been demonstrated that 
neither pteroilglutamic aeid nor its natuialh oceurnng conjugate the hepta 
glutamate, ls the eUrinsic factor the intrinsic factoi oi the potent antipemicious 
anemia substance in purified Inei estraet Furthonnore it has become m 
creasinglj eiident that pteroclgliitTmic acid neither corieets nor presents the 
neurological manifestations of pernicious anemia^ AVith regaid to the role of 
plerojlglutamic acid in pernicious anemia it has been suggested that in some 
patients wuth this disordei theie is in addition to other metabolic defects an in 
ahilitj to utilize the natuisllj oeeurring pteroclheptaglutamate * It has also 
been proposed that pterojlglutamic acid and the antipemicious anemia prin 
ctple of 111 er maj function i la um elated pathcraj s * 

The put pose of this paper is to desenbe the hematologic manifestations of 
ptcro) Iglutamic acid defieiencc in swine produced bj the administration of a 
srathctio substance having an action antagonistic to that of pteroj Iglutamie 
and and to compare the thctapoutie effectiveness of punfied liver extract and 
svnthttio pteioj Iglutamie acid in this condition This report leaves mans 
guastions unanswcied and theiefore must be considered prelimmarj m nature 
The obscnations are now being amplified and extended 

The pteroj Iglutamie acid antagonist used in these experiments tN67t) 
"as prepared! bj allowing 2, 4, 5 tuamino 6 hi drove pc nmidine and p amino 
benzocl 1(+) glutanuc acid to react with 2 3 dibromobut j raldehj de Since the 
reaction product (N67) has not been punfied it has been termed crude mothjl 
folic acid The product of the leaction described has iiecn designated bj Martin, 
Tolman and Moss’ as 7 metln Ifolic acid The substance antagonizes rec ersibh 
the effect of pteioj Iglutamie acid on the giowth of ^trepiococcu'i fascahs R and 
of Lactolacittu</ capex' Different inhibiting ratios have been reported for the 
t"o organisms The ratio of antagonist to pteroj Iglutamie acid for Sir faecah'x 
b IS 20 1 and tor L casci about 1 000 1 
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10 XyJol Tieat A^ith tins foi two minutes or moie Change tk 
solution weekly 

11 Mount Ml Clnnte and cover vith a 22 by 50 mm covei slip This 
laige size eoiei slip is desnable because seieral sections aie placed on each slide 
The claiite solution is made bj dissolving 60 Gm of claiite “X" liydrocarhon 
lesm in 40 c c of toluene Claiite is piefeiable to balsam because it hardois 
nioie rapidh and because it does not become yellow with age 

Flections made \sitli this technique have not deteiioiated aftei periods cl 
osei twelve seats 
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(inillii^ijims j)ti 1 il 0 r,uim boch dnil> ) tlminim In djodiloiulc. 0 25 iiIju 

flaMj), 0 12 j nicotinic icid 1 20, ])Miflo\nie Indioehloiidt 0 20 cnlcuim panto 
thcnatc 0 50 , choline chloiidc 5000 pui nniiiobcnzoic icid 0 10 inositol 010 
ptclo^l-,llltnnlc icid 030 In iddition nil animals iciencd (i\st dime biotin 
50 /u pel kilOf,! im bod\ \\cvht pci ^\eek iiiti imuscubiih Suit isiixidme ^\hcn 
„uun ms nddcd to the bisd diet in amounts ot 2 0 jici (cnt The mta^onist 
mIilii t,nen nas idnnnistoicd daili ni capsules in amounts ot 0 2 poi (Uif ol 
tilt bisal diet (eqiinalent to 0 06 (iin pci 1 ilo^nm boch ^\elo;ht) I nil details 
ot tilt txjicnment il methods li nc been published olsc^^ heio ’ 

The ioiii niinnls icceniiip, the ant vonist weic fiist dcjileted ot pttIo^l 
p,lutamic acid toi jioiiods of ei-,ht\ si\ to one bundled tuent^ tuo cl ns b\ a diet 
lacking: ptelo^l 5 ;Iut imie acid snppkinented with siiltasuxidine 

Phsnn non detci mimtions weie made 1)\ the method of nailaii ‘ind 
Walkei ” Scrum eoppci w is moasuicd In the method of Caitwii^ht Tones 
and AAintiolic’ Poi the detcimination ot tioc cnthiocitc piotopoipln iin 
tilt method of (liinstem uul AV itson” w is used 

Specimens of bone nuiiow wtie obtnincd In nspintion of the stcinil 
iniiiow with stnndaid 16 ,,aust sltinal punctuic needles xV «mall amount ot 
iiiauow fluid usualh less tli m 0 3 ml was witiidnwii into a cleai dr\ sMiiif^c 
and thin coici jrlass pup nations wcio diawn nnd stnmcd with Wiig:lit s stnin 
I lom 500 to 1 500 cells wcie counied in each piepaiition The fipuics iie 
cxpiesscd in pci cent of total cells eomiftd 

In oidei to cktcimnie whether oi not extunsic fnetoi is picscnt in the ciudo 
tifscin used 111 those studies the nnteuif w is ' 1 ss^^cd in thiec patients with 
ehissie iinconiphe ifod iddisonum jieinicious 'iiiemm The pioceduie of as&in 
"IS IS follows The itatients weio hospitnlizcd uid dinini^ the nssi\ poiiods 
b^el me it meat pioducts mill ind poultn weie excluded fiom the diet 
PHid ceiGils su^ 11 fats ^efrctiiilos and finds wcu permitted in the* amounts 
desiixd lMft^ Riam of tlie casen to be issned wtic incubated at 37° C toi 
two lioins With 150 to 200 ml ot noimal human Kastiic ]uioe at pH 2 5 to 3 5 
The incubation mixtuie was then sti mud tinoiigrh cheesecloth the filtiate was 
neiiti ihzccl to pH 5 and idministcud iminedintch to the patient The icsiilts 
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oi the dsbdA s aie piesented lu Tabic I Patiorn t q 
filtiate an alcoholic extiact fiom enide casein 

hteis of 65 per cent ethanol to 6 k<. of clem tZ" ^rTf * 

allowed to stand foi foit\ piaht 7i 4. ® niixtnreiU', 

shaking The alcohol n as' then T 

The lesidne nas extiaded I t 

tats, ail diied at loom temnent v olumes of ethvl ether to remote tte 

suiting lesidue nas added dli Id, ^ P»tveiiaed One tenth of the re 

Patient J S a leticuIocilll^Q^!!^ 

volume of packed i< d cells ° n dei eloped and in tiienti datsflic 

of to340 Onenml 

musculailv daih foi ten /I - mdlilitei) was then administeied infra 

Patient X B me ^ ^ secondary letieuloette icsponse oceimA 

the lesidne fioni tli't! Z oascin, extiaeted thiee times as desenbed plii' 

pioceduie tailed to ic,”^ 3 oo lol extiaction As can be seen, the extraction 

dei eloped winch 1 pop) o'^tuusic faetoi actmtA' and a reficulocdo'ii 

daih tailed To f i ^”^”xlracl 

50 Gin ot the eiiidc p letieuloex fosis Patient S S yasciren 

leticiilocitosis of 9 0 fi the addition of an alcoholic extract f 

trom 27 0 ml pei lOO ml ^he xolnme of packed red celli ro^c 

musculai nnectio,, nf i ° ^ <3ax s Pollonmgthis, thedaibintn 

-condarx "^xToTs ^ 

aignificaTt le!,TOTn^pTlTnt'’V%*° ''''“a ' 

matelr 15 to loo ^ animals lecened approxi 

winded thTt nm 7 ° daily foi about 190 daxs, it must be coii 

extiinsic factoi animals xxeie leceixnng substantial amounts of 

anemia nas d„A n ^ lesponse in the patients nifh penucioH' 

H.C toM l.ol «, W..ta„„c ao,d content of the code cM.e -« 

os deteimnierl tit content of the catetn, aftei enzrmalic digeslioa 

Eheii,r.”itr,, ■'?“■'■ ^ i"- ">» "■'‘'-"'j “f "f®'' 

e\ti acted casein nas found T ^ 

0 contain onlx* 0 006 ^ per cent bv this method * 

^ ^ results 

came listless our? T receix mg the pteiox-lglutamic acid antagonist I’C- 

becanie thm and l t' pooilx Hair loss xx as not eitensixe lint the ba''’ 

tremelx xmtidx- TiT general appearance of the animals xvas fc 

muscle tone As the dlfi of the pigs sagged, piobaWx due tolo'so 

A modeiateh c oiencx' progressed, then squeals became faint and lu’*’ 

xellow m color '^'us present, the stools being someivhat orao-*^ 

poor, and about piesenee of antagonist Gioxvtb xx^ 

content of piotem nn control and antagonist gioixps due to the ^ 

^ P otem (10 pel cent) m the diet Oial lesions weie not observed 

these Uetermmations*^'^ *° ®'' Cooperman Hoffmann-La Roche Inc. Nutlc' '' ■f" 
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Peripheral Blood — In contiast to the control aniniaZs those zeceivmg* tiie 
antagonist became markcdlj anemic in tivenU one to foit-s two da>s The 
volume of packed red cells decieased from a Ie\el of about 35 ml to appio-^i 
mately 20 ml per 100 ml (Table II Figs 1 4) The anemia at this time was 
normocjtic Examination of the blood smeais revealed marked amsocjtosis 
■without a significant degree of poikiioc> tosis, an inciease in Howell Jolly bodies 
frequent nucleated led blood cells, and modeiate poh chiomatophilia Unusually 
laige macroextes xicre frequenth seen but microc.>tcs weie equally numeious 
This ]s illustiated in Pig 6 


Tabie n 


Pata ox Anfmu A^D Red IJiood Cell Mormoioov in Lon Protein CovTPor 
Group and P( A Axtaoomst Group 



1 LOW PROTEIN 

CONTROL 

[ MEAN , 

1 rG\ ANTVOOMST 

1 MEAN 

f’lg 

1 10 45 

10 40 

10 47 

10 48 

10 50 1 


U) 53 

10 ..4 

10 50 

10 04 1 


Da}s OB eYpofiment i 

1 25C 

150 

130 

156 

150 

Il51 

'l04 

113 

105 

146 

'l32 

Da)fl on antaconigt I 

: 0 

0 

0 

0 

0 

0 

: 42 

25 

21 

30 

31 

R -b u X iUfi mm ) 

0 90 

0 36 

5 50 6 35 

6 51 

6 3d, 

3 53 

3 10 

2 76 

4 03 

337 

Hb fOm rf,) I 

22 0 

11 8 

10 3 

120 

113 

11 5 

' 8 1 

5 7 

5 6 

6 7 

1 65 

Ht (c c /lOQ CO) 

3C0 

35 2 

30 0 

Sbi 

34 4 

34 4 

. 24 4 

180 

150 

20 8 

I 19 5 
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55 

54 

67 

58 
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MOJl (yy) 

17 

19 

18 

19 

17 
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VCHC (%) 

33 

31 

84 

83 


83 





33 

Bet.cs (%) 

1 0 

JO 

20 

20 

bo 

1 6 


1^9 


HH 

: 30 


nv vomme oi 
Puacular hemoglobin 


pacXed red cells MCV mean corpuscular \olume MCH mean cor 
M C H C mean corpuscular hemoglobin concentration 


As shomi III Tiblo III tlio niiimals rceemng t)ie antngonist developed a 
mild leueopeiiia and scvcio ncntropcnia The mean total leiicocjte count tor 
tbo control gioup naa I'i 000 pet eiibii imllimcter, os eompaied vnth 10 500 foi 
die pigs receiving the antagonist The pcieentagc of gianuloovtes (metamvelo 
evtes, neutrophils basophils and tosinophils) nas lodiiced in the antagonist 
nroiip to 14 as eompaied with a mean of 4T for the control group The absolute 
luimbei of graiiulocj tes in the control animals aa ci aged 7 000 per cubic milli 
meter of blood, where is m the animals receiving the antagonist there were onlv 
1 500 pel cubic millimetei Giant metamj clocv tes and multiniicleated neutro 
phils such as are found m the blood smcais of patients with pernicious anemia 
were not seen in the blood of the pigs 

The niimbei of platelets per cubic millimctci of blood in the control animals 
ringed from 310,000 to 510 000 The nvimbci of platelets pei cubic millimeter of 
blood in the animals receiving antagonist was extremelj variable Values be 
tween 100,000 and 310,000 vveie fiequentlv obtained but in one animal (10 64) 
the numbei of platelets iiiereased pnoi to tlieiapj 

Bone Marrow — In Table IV the results of differential cell counts on sternal 
niairow obtained flora tlie eight control animals and the foiii animals receiving 
nntagomst are summarized In the mariovvs fiom the animals receiving 
antagonist there was a maihed reduction in the numbei of poljmorplionuclear 
neutrophils and ncutiophilic mctamyelocj tes as well as a slight increase in earlier 
forms of the mveloid senes and a significant decrease in the leucocyte erjtliroid 
mtio In addition e\tiemelv imniatuie and somewhat abnormal nucleated red 
cells wore picscnt (Pig 7) These cells were i-ound or oval and e\tremclv 
ergo moasiiimg 12 to 25 g in diameter, whereas the most immature nucleated 
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The mc'\ns lepresent 'll! 'werx^e of thiee sep'irate cletei mlnations 

PAIN PoU inorphonuclear cells including basophils ami eosinophils AINC mononuclear cells mcliuling both l^mphoc^tts anti 
c\tes N R B C nucleated red blood cells 
*T\\o dctei mlnatlons onl> 
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lABif 1\ Oi 13o\j- M\.»ro\\ STiiiiJsnN >iriir Lou Iiorns Co\ti ol Vmjjvls 
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ltd cells seen in the in mows ot the (ontiol unnnis nicisincd 6 to 12 micions 
These Inigo cells possessed n lohtnch luge nucleus nncl t solne^\lnt homo 
geneous Insoidiilic e\toplasm The nuclei ucie composed of nthei thin mesh 
hkc stmids of chioniatiii In '‘Omc cells the chromitni showed some tendencs 
to clump, in others the ohionutm appealed finch gi inulai and more homo 
gencous The moie immiturc of these cells contnined tno or thiee distinct 
nucleoli A delicUc luicleu rucmbi me siuioimded tlu nucleus I atei stages 
of this cell ^^elc pusent including the oitlioehroinatic stage 

These cells icsembled closch the megalohhstic sciies of colls seen in the 
niuiou of patients with pernicious anemia the onh distinct diffeience liein^ 
th It the iiuelcai chromatin w is not so fine and iiicshlike as that seen in human 
hone niairou AVhetliei oi not the cells clcseiibcd iic pig me^, ilobi ists is i 
inattei for coincctuie In am e^enl similai cells wcic not seen m the maiiow 
of the coiitiol animals iioi hi\c thc\ been obsei\ed In us in the maiiow of 
mniiils follouiiig sc\eic nid pioloiigcd hcmoirlia^e superimposed on a diet m 
icstiictioii of iron I oi pui poses of discussion these cells will be leftiicd to is 
locgaloblnsts in this pipei in older to distinguish them liom cells of the iiormo 
hhist seiics On sc\enl Decisions oithocluomatic iiiCf-alobl ists were seen in the 
pciiphei il blood of the deficient animals 

Plama Jiov bcium Coppci and I lythtocytc Piotopoiphynn 
iixm sciuin copjici incl clatllloc^1e pioloporph\iin dctcimiii itions iic pic 
‘'‘-iitcd in Table \ Tliese wcic midc at the time of niiiMni il iiicmn and pnoi 
to Die initiition of thcni)\ ho si^iiificmt diftcience was noted in cithei the 
plasma iron oi the eiitIuoc\tc piotopoipln iin nines in the two gioiips iioi 
these ditciminations ippicenbh diffeient fiom those oht lined in swine 
iminiainpci on a diet contamiiv 26 pei cent casern ’ Animals niainlaincd on a 
low pt otein diet ]n\c liccii found 1o Inie a sigiiificaiith low scuim copper* 
tnrul Ush -d data 
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Tilt seium coppei in tivo ot the animals leceiving antagonist (10 53 aiidlOy) 
Mas loM, Mlieieas in the othei two (10-54 and 10 56) the values weie comparable 
with those obtained in animals on a 26 pei cent casein diet The sigiuficancc 
ot this finding is not obvious 


Table V Studies on Piasma Iron, Sfruji Coppep, and Free Erithrociti 

Protoporphyrin 


GROtP 

A-MMAT 

P T 

(Mg %) 

S CU 
(Mg %) 

EP 

(mk ‘7c) 

PGA Anlagoni-t 

10 53 

123 

127 

TO 

10 54 

154 

220 

07 


10 56 

118 

215 

DS 


10 64 

110 

177 

11)0 


Mean 

126 

100 

04 

Control 

Mean 

101 

146 

lOS 


Range 

06 140 

127 170 

78 120 

P I Plasma Iron 
per 100 mi red ceils 

S Cu serum copper 

E P eo throcj te 

protoporpln rin 

in microgranis 



n pv 


:rorl 


glutamic acid antagonist (Nb7) There A\a 3 no hemopoietic response 
of ^sein or punfled lUer e\tract (L-E ) but a good response occurred 
acid (PGA^ was ® 


count - ‘WO. 


acid (PGA) uas gi\en 

corpuscular \olume in cubic microns Ht ' olumc or n- 

Reties reticulocjtes expressed m per cent WBC total leucocjte ylsi 

PAIN number of pol\ morphonucleai ceils frnature neutr p „,jpres'C‘* 'O imcI 
eosinophils arid metamj leiocj tts) in thousands per c mm of blood R'O'' ^ 

dred thousands per cram of blood I JI intramuscular injection The purlltea 
used contained 16 U S P units per milliliter 


Effect of Therapy on the Penpheral Blood — One anmial h' 

Mas tieated tMelve days aftei the administiation of antagonist Mas s 
inci easing the casein in the diet to 26 pei cent There M'as a temporal) 
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m the \aUirao oE jiiicked led cells but tins iiieteasc wiis not sustained and the 
animal bccimc seioith anemic Tlieic ins no apparent increase in the total 
lencocite or noutioplul counts and there ins no significant reticuloci tosis The 
platelets ineicascd fiom a loi\ iioimal i line of 300 000 pci ciibic millimeter to a 
laliiD eonsideiablj aboie the normal (1400,000) and then decreased to the 
thi-oniboci topeiiic Itiel of 100 000 The piotem thenpj bad no appaieiit effect 
on the mean coiTiusciilai lolnmo Theic ir«s honciei a significant groirth 
response (Fig 5) ind a use in seuim albumin trom 21 Gm pel cent to 3 2 
Gm per cent 



, Fls — Development of anemia Icucopcnia and neutropenia m a pie GO 51) receivlnp 
?, r'tWlBlutamlc acid antaBonIst <N67) and response to purmed liver extract (Ij-E.) ana 
Piero>igiutemic add (PGA) For explanallon ace Fig 1 


Three animals, (10 53, 10 54 10 56 1 igs 13) wei-c ti'eated ^\ith punfied 
hver e\tract pnor to ptciojlglutamic acid therapj In one (10 53, Fig 1) 
there )\as no significant efieet on ftn\ of the blood constituents foUoAring the 
injection of 150 units In the othci Uvo (10 54 10 56, Figs 2 and 3) theio uas 
a siihoptimnl response consisting of a leticulocj tosis of 15 pei cent in one animal 
(10 54 Pig 2) and a modest nse in volume of packed icd tells and platelets 
m both In one pig (10 54, Pig 2) the total lcucoc\ te count had risen to normal 
fit the time h^er thciap\ Mas begun There uas no appai-ent effect from the luoi 
therapy and ncutiopenia de\eloped again In the other animal (10 56 Pig 3) 
the total leuooe>te and neutrophil \aUies rose to normal but Mere not sustained 
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These tluee aniinalb (10-53, 10-54, 10-56, Figs 1-3) weie then tiwted 
i\ith smthetie ptero-s Ighitamie acid and an immediate, lapid, and md\inialin 
eiease in tlie loliime of packed led cells lollmved In two of the pigs (10 aS, 
10-54, Figs 1 and 2) a significant letieulocitosis of 16 and 15 pei cent, mpco 
tn eh appealed An initial rise in the platelet count was obsen'ed in f«o of the 
animals (10-53, 10-54, Figs 1 and 2), but in the thiee (10 54, 10 56, 1064, 
Figs 2-4) in ■tthieh the platelets weie followed foi a significant period of time 



thlomboe^'topenla leappeaied In two of the pigs (10-54, 10-56, Figs 
the leueopenia and neutiopenia disappeaied following pteioilghd''^’'’ 
theiapA In the thud (10-53, Fig 1), this effect was not obsened and on 
slight, tiansient ineiease in the total leucoo te count w'as noted d 

All thiee of the pigs tieated initiallv with livei (Figs 1-3) 
definite but not niaiked macioci’tosis followung Inei theiapi (!’? four 
mean \alue loi the mean eoi-pusculai volume in the eontiol gioup (t"on 
determinations m fi\e animals) was 56 ± 5 16 cubic micioiis with a laiigc^^^ 
to 69 cubic micions Onh twnce weie the values above 59 cubic microns 
thiee of the pigs tieated wnth livei the mean corpusculai volumes pf 

cubic micions The maeroejtosis could not be attributed to the i 

leticulocj-tes since these were not significantly iiici eased In tk® 
and 3) in which the mean coipusculai rolume was followed foi 






50 


70 


<?Q ItQ 130 J5D 170 llD 

on £xpe:riiaent 1 


•*~Anomla leucop«nla and neutropenia In a pljj (10 64) receiving a ptero%l 
p/ antagonist (N6<) There was a pronounced respon e to pttro>lplutamir aril 

but purified Iher extract (L.E ) liad no effect For explanation see Fiff 1 
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peiiod aftei pteroj Iglutamic acid theiapy the maciocjdosis disappeared (Pig 6) 
Likewise the amsocj tosis and polychromatophiba disappeared, and the Hoivell 
Jollj^ bodies and nucleated led cells diminished in numbei-s This was not the 
case following liver theiapi As alxeady noted, maciocytosis developed and, in 
addition, nucleated red cells, Howell-Jolly bodies, and polychromatophilic colls 
persisted in increased numbers 
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mean 

onist — ^ 

prior to PGA therapy 


Life aiiieeii u.;> iiita-vic; • 

note marked anlsocy tosis and numerous meryo.ti ’day) n®'," 7lC 
mierons A-S Froni same animal as In A-2 after PGA therapy ClSSrd 0“^-’ j Pis <’c 3 ir' 
in anisoc’s tosis and absence of macrocytes AI C V 57 cubic microns g, 
pnor to administration of antagronist (120th day) MCV 64 cubic microns^ marked B ' 
pig- as in B-1 but after the administration of antagonist (164th day ) Tame P'S a 
tosis and numerous macroci tes M C Ar 69 cubic microns B-3 Fron’ ®Ts 
after li\er therapy (ISTthday) note macrocy tosis MCV 72 cubic micron 




'*,r-AnemIa leucopenfa and neutropenia In a pic (10 6-1) reccKInc a pte: 
fppss antnffonlat (N6() There nas a pronounced response to pterojlfflutamic 

viua; tut purified ll\er extract (L-E ) had no effect For explanation see Fi^ I 
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peiiod aftei pteroj Iglutamic acid theiapy the maciocjdosis disappeared (Pig 6) 
Likewise the amsocj tosis and polychromatophiba disappeared, and the Hoivell 
Jollj^ bodies and nucleated led cells diminished in numbei-s This was not the 
case following liver theiapi As already noted, maciocytosis developed and, in 
addition, nucleated red cells, Howell-Jolly bodies, and polychromatophilic colls 
persisted m increased numbers 
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moor, peripV\ei-al blood •smears (XlOOO) AA-Helung 

(MCV) 57 cubic microns A-2 Piff ClO-56) been ei'^r 

onist (139th daj of experiment) the smear was made after hvei JICI jLrra"' 

Ef.TLrl? marked anisocj tosis and numerous day) 

microns A-3 Froni same animal as in A-2 after PGA therapj ClSSrd day ^ 
in anisocr tosis and absence of macrootes AI C V 57 cubic patrons 
KhT’" administration of antagromst (120th daj ) MCV 64 cubic marked^, “S' B ' 

pig' as In B-1 but after the administration of antagonist (164th dal ) Tame pi6 a 
tosis and numerous macrocr tes MCA" 69 cubic microns B-3 ^Fro"’ AnT 

after li\er therapr (ISTthdaj) note macrocj tosis JtCA" 72 cubic microns 
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One pig (10 C4, Fig 4) -was treated imtialh 20 mg ot pteroj Iglutamic 
acid This "was foUo^\ed In an immediate ietieuloc\tosis ^\hieh i cached a 
inavimum of 25 per cent on the thud da^v At tJit same time thcie was a rapid 







recelvfn5 ^—Photomicrographs of nucleated ml cells (X 900) from the bone niarrow of pigs 
antagonist and of control animals The cells In the upper three rous arc 
Tn,y^**^ntatl\e of the tine of cells seen In the marrows of the anlmnls rtetIUng PGV 
the cells described In the text as meplobln t The coll In the bottom 
ani hv 'it from the marrows of control pip Note th liacronc In the Ize of thr cells 

the character of the nuclear chromatin 
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nse in the volume of packed led ceils to the 2c\el obsened in pigs on the low 
protein diet and an increase m the Icucocjte and neutrophil count occurred 
There -uas no apparent increase in platelets A secondary rctieulocj'tosis was 
not elicited bj the admimstiation of 150 units of Inei extract and no further 
increase in the volume of packed red cells uas noted A significant macroev tosis 
was not present in this animal at anj tune 

The effects of the \anous tlierapentic agents on gioutJi aie slioivn in Fig 5 
Effect of Therapy on the Bone Mai ton — The effects of thcrapj on the bone 
marrou of each of the animals receuing the antagonist are presented in detail 
in Table YJ 

The administration of luer extiact uas associated uith a diminution in the 
number of megaloblasts in the maiiou m each instance (Pigs 10 53 10 54 and 
10 56) but did not result in a complete disappeazanee of these cells Cells 
were seen following ll^er therapj which had chaiacteristics intermediate 
between basophilic normoblasts and megaloblasts In two of the animals (10 53 
and 10 54) the leucoc'\te cn’throid ratio became moie abnormal following li\er 
therapj, whereas in the third (10 56) the ratio lerertcd to normal In one pig 
(10 53) liver theiapv had no apparent effect on the maturation of the leueoc^'tes 
m another (10 54) there uas a significant increase in metam\ elocj'tes followed 
later bj an increase in neutrophils, whereas m the third there was a maiked 
increase in metamj elocytes and a significant increase in ncutropliils In general 
the changes in the bone marrow following li\ei thciap\ were consistent with 
those seen in the peripheral blood 

Pterojlglutamic acid therapj lesultcd m a lestoration of the hone marrow 
to normal m three instances In one ptg (10 53) although the megaloblasts 
disappeared completelj and the Icucocjde erj throid ratio returned to normal 
there was an increase in the percentage of bmplioc^ics and a decrease in 
metamyelocytes and neutrophils In this animal the Icucopema and neutro 
penia in the peripheral blood persisted in spite of theiap\ 

At the termination of tlie experiment the animals wcie saciificed and 
autopsies performed There was no splenic enlargement and the marrow in the 
sternum, nbs, \ertebiae and femuxs was red and hypoi plastic There were no 
significant microscopic abiioimalities in an\ of the organs examined which could 
not be attiabuted to a deficiency of protein 

DISCUSSION 

The obsenations piesented here indicate that there is a maiked difference 
between the effect of pteroylglutamic acid and that of h\ei extract of the 
pernicious anemia Ijiie in pigs fed low protein diets and receding a folic acid 
antagonist The administration of li\er extract was associated with a good 
reticulocyte response and a modest rise in volume of packed ixid cells in one 
nnimal (10 54) but in another (10 56) the effect was loss impiessive, and in a 
third (10 53) no significant change was observed in the blood even tliough a 
'erj large amount of Inei extract, 150 units was given The administration 
pteroy Iglutamic acid on the othei hand, was associated wath a w ell pronounced 
hemopoietic response m these three animals as well as in another (10 64) not 
pre\iously treated with liver extract 
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rr, « "Ot in aceoid with the ohseivations of Heiiile AVelcl, »„,! 

:rH 

umabh the thiee pigs lepoited by Welch, Hemle, and colleagues receivod 

cniimaTs ife\T factoi,- .lule oi,r 

fact 01 Fmnll ^ contain substantial quantities of txtnmic 

longed uei iofn’ depleted of pteroi Iglutaimc acid foi apro- 

dices in eMienni t \ administiation of antagonist Whethei these difter 
at tins time Tt T ^^^^^^duie aie significant oi important cannot be stated 
in detoil n +i noted that the lesponse of the one animal leported 

gradual cieand gioup was, foi a pig, consideiabh delaied ami 

lesnnnsp^r.^?'^ Pomt of new it iiiav be eonsideied suipiisiiig that am hemopoietic 
leasnn tr. n cxti.ict should haie been obseived in oui animals There is no 
althnnoii +1 ^ tlieie was m these animals a deficiency of intrinsic factor 

Lem tn u specifically imestigated They weie fed what would 

rathei cuPc’e ^ lei ms of ti eating a patient with pernicious anemia, a 

eonditmiio extiiiisie factoi One might ask whethei under the 

antacnniQi ^ ''vheii a low piotein diet, siilfasinidine, and 

of eCtiins ^ ^^iiuisteied, oni animals actually absoibed an adequate amount 

comnlota diariliea ivas pioseiit absorntion iiia\ not haie been 

1 though lemote possibility that c\ti insic factor can be 

wpiP tu,A H ^^3 bacteiia must not be oveilooked Ifll''® 

spiifin u 1 ' 7 '*^ luistiation of both sulfasuMclme and antagonist might 
that Tc '^'i^lbesis In fay 01 of the e\istence of a double deficienc' 

the anini-iT + extiinsic tactoi and of pteio^lglutamic acid, is the fact that m 
to th I '"'dh piotem (10-53) there yvas no significant icsponic 

dietuiTr ddministiation of puiified lirei extiact Howeiei, contra 

oi ntp'im/^i Pig 10-64 lesponded maMiualli to 20 me 

PiiTthpim ■'Mthout prior feeding of inci eased amounts of easem 

failed tn n/^'i ^ iiiuiistiation of 150 units of livei extiact sixteen dais late'' 

exnpnmPTit ° ^ ‘leeondaiy lesponse It may he mentioned here that m othce 

denlptprt pL ^ maintained on a loyv piotein diet which were lepeatcd' 

A m ""P have obseived no 1 espouse to Inei extiact 

would wLr Of the activity of Inei extiact, such as it na' 

utihrntirm '' ^ ^u istance yvliicli it contains is concerned 111 some wai with tie 

of the 1 pi a nlitr of pteioy lolxitaniic acid and that the adnunisiwtwa 

"luttnup of li\ei extiact made small tissue stoies of pteioilbcpt'’ 

fi^ mn ptcioxlglutanne acid was mlca^eii 

LllTo Lr'"' P.^tients with pernicious anemia m re^ 

•r siih^ip co-woikeis'e as well as Welch and associates’ ’ haie obsenedtha 
^^tance m pimfied luei extract max coirtnbufe to tlie utilwatiou of co" 

•The Borden Co ^e^\ Tork N X 
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jiigiln of foljc lud Tl)(. possjbihti that liict c\ti ut mikes smaif mounts 
of pteioslghitomic iieicl asailable fiom the tissues is non iiiidei insestigation 
m the current iniinal esperiment 

Since the doses of li\ei esfiact used neie laigt (75 to 150 units) it is tin 
likeh that then unimpicssne effect was due to inidequste dosage T!ie lesponse 
which seemed to occiit probable cannot lie csphined on the bisis ot the ptcrotl 
ghitamie acid content of tlie Inei extract since it his been shown that this 
prepantion contiins less thin 1 0 pg of mic robiologicilh deteimmable L casci 
factor per millilitei * ruitheimoie if the rosponsc was due to ptcroilglutamic 
icid 01 its precut sots iii the luei cxtiact Pig 10 56 should line lespondcd 
when 10 ml of Inei cxtiact wcie adininisteiod Instead there was a slight 
initial response to 1 ml of beer evtnet iiid no fiirthei response when 10 ml weie 
gnen eighteen dajs later Agiiii the eompicte lack of response to 150 units 
in Pig 10 53 IS notenorthj 

It IS of lutciest that the anemn ohseiscd was noimoestic at tiist Smeais 
of the pcnpheial blood duiing this peiiod recealcd numcious laige maciocctes 
and a comparable numhoi of microcstes After h\er theiaps m fhtec animals 
clehnito macroot tosis appealed and this pcreistcd becond the period of rcticulo 
ertosis It seems unlikeh that the maetocwtosis was due to livci tlieiapc al 
though this possibiliti has not been ruled out A more plausible explanation 
would seem to he that sufficient time had not elapsed foi a significant degree of 
aiaetocj tosis to develop which would be manifest when mean xahte-s weu 
determined Procidcd the life span of the red ceil of the pig is simtlai to that 
of man, that is about 120 dass, icplaccment of the circtilnting notmal sized led 
corpuscles be maeiocjtes with a con osponding inci ease in the mean corptisttilar 
'olume could not be expected in twenta to foiti dais Since the Inei had little 
or no effect on the anemia, a fuifiier petiod of foiti six to si-xtt one dais was 
available aftei liver therapv dui ingvv Inch macroc} tosis might develop Altliougli 
it IS true that the one animal not tieatcd imtiallv with liver failed to develop 
macrocvtosis it must he noted that this anima! leeened the antagonist for onlv 
thirtv five dajs piior to the administiation of pteroj Iglutamic aeid It is of in 
teiest that the one pig reported in detail bv 'Welch Hcinle and co vvorkei-s” did 
not develop significant macioev tosis until the post treatment period 

The response of the leucoevtes to hvci extract and pterovlghitamie aeid 
Iherapv w difficult to inteipiet In several instances the values appealed to he 
using at the time Iheiapv was begun In one animal there was no lespoiisc 
to either suhstance Although the anemia of the pig lepoited In Welch and 
associates” responded to the theiapv given the ieucocvte and ncufiophil counts 
did not leturn to iioimnl It seems possible that a substance otliei than pteiovl 
khitamic aeid oi the antipoiiiicious anemia factoi is involved The platelet 
'allies HI oiii animals are also exceediiiglv difficult to inferjiret Tlicie appealed 
to be a transient tliroinlioev tosis in association with protein, liver oi ptcrovi 
ohilamic acid theiapv follow edbv a decitasc to an abnornialh low level Aloie 
information is needed hefoie definite conclusions can be drawn eoiiccniing the 
hncocvtcs and platelets 
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Theie are various possible explanations of the relationship of hvei extract 
factoi and pteroylgliitamic acid in hemopoiesis It has been pointed out alreadv, 
foi example, that the liver factor may be eonceined xvith the liberation of pteroil 
glntamie acid fioin eonongated forms of this substance in the tissue stores If 
this xxeie true, one xvould expect both liver extiact and pteroylglutamie acid 
the substance it makes axailable, to be eftective in producing a hemopoietic re 
sponse in pernicious anemia One xvould also expect that pteiojlglutaraic acid 
deficiencx’, if this included a deficiency of conjugates as xxmll as of fiee forms of 
the xitamm, xxould not be aftected lix’ the administration of liver extiaet If a 
deficiencx' of extiinsic factor xveie pioduced, one xxould expect a response to 
oecui xvhen extnnsic factoi oi liver extract or pteroxdglutamic acid xvas gixen 
Such an hx pothesis xvould be consistent xxuth oni oxxm report'’*’ m winch an 
anemic pig fed a higiilx purified diet responded to the administration of liver 
extract if xxe assume that that animal xvas deficient in extnnsic factor and 
xvas at most, oiilx pai-tiallx' deficient in pteioyl glutamic acid and its conjugates 
It xxould explain the findings of Welch, Heinle, and co-xvoikeis' ' if it can he 
assumed that then animals xxeie deficient in extnnsic factor and oiilj partiaik 
deficient in pterox Iglutannc acid and its conjugates . and it xxmiild be satisfied h' 
our oxxii obserx'ations, pieseiited in this lepoit, if it is assumed that oiu animals 
xxeie mamlx deficient in pteioxdglutamic acid and its conjugates The nnim 
pressixe effect of livei extracts and the x'aiiations in the diffeient animals cold 
he explained by assuming that onlv a model ate oi slight deficiencj of extrinsic 
factor xxas produced in oui animals xxdien a crude casein containing extrinsic 


factor xxms ted in loxv amounts 

Totter Sims, and Dav,*' on the basis of indirect evidence, have suggests 
that ptei ox Iglutannc acid is eonceined xvith the sjmthesis of piotopoiphw® 
The data on fiee erxthiocjte piotoporphyiin presented here do not substantiae 
this but admittedlx* do not dispicxm the theory , 

It mav he mentioned, in closing, that a pronoimced ataxia appeai’*^^ 
one animal (10-64) appioxiniately ten daj s after the administiation of 20 nio ® 
pteiojlglutamic acid A similar phenomenon has been obseived in aninias ^ 
a diet deficient only m protein This xxull be the subject of a sepaiatc icpoa 


SUMMARY ^ 

Pom pigs xxeie maintained on a sjuitlietic diet contaming 10 per cent cn 
casein xvhieh xx as shoxxm to possess extrinsic factor activity The diet was siW ^ 
mented xxith xanoiis xitamins, exclusixe of pteroxdglntaniic acid, p amino) 
acid, and inositol, sulfasuxidine and a pteiovlglutamic acid antagoms 
gixmn as xvell A sex ere anemia, leucopenia, and neutropenia on 

such changes xxeie ohseixed in the blood of eight control animals 
tlie same diet plus pteroylglutamie acid, p-aminohenzoic acid, an 
and to xvhich no sulfasuxidine or pteioylglutamic acid antagonist xvas a 
Studies on the bone marioxx of the animals lecemng the 
acid antagonist lexealed a maiked reduction in the numhei of polxunoi-p « 
neutrophils and neutrophibe metaniyeloc}i;es, xvith a slight increase in t 
forms of the myeloid senes and a significant decrease in the leucocyte e 
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ratio In addition, immature and nucleated red cells m manv wajs similar to 
those seen in the bone marrow of patients with pernicious anemia in lelapse were 
ohsencd 

The anemia became more pronounced m spite of a great increase in the 
protein content of the diet of one animal It responded partiallj- to the adminis 
tration of liver extract in one animal qiiestionahh in aiiothei and not at all in a 
third Rapid relief of the anemia followed the administration of small doses of 
pterojlgliitamic aeid in all foui pigs 

Jlacroci tosis dei eloped as the anemia progressed but at first the mean coi 
pustular lolume was noianal, probahlj because of the presence of manj micro 
cvtes In the later stages of the disorder macioeytic anemia was demonstrated 
manj more macroejdes than miei oci tes being present 

The leucopenia and neutiopenia were not permanenth lelieved by either 
protein or In er tlierap} In three of the animals the leucopenia and neutropenia 
were no longer present followang the administration of pteroj Iglutamie acid 
In one animal the leueopeim and neutropenia persisted eren after protein 
hver, and pteiovlglutamic acid were gnen The platelets increased markedlj 
after the administration of protein Iner or pteio}lglutamic acid but the in 
creased levels MCie not sustained 

The data suggest that the antipeniicious anemia substance in purified li\ er 
extract does not completel} if at all replace pterojlglutamic acid in the 
nutrition of the pig 

TJio crude methjl/olic and antagonist (N67A, I>*derle) and tlie pterojlglutamic acid 

kindly furnished the Lederle Laboratonee, Pearl River K T, through tlie tourtesi of 
Br T H Jukes and Dr S M Hardj 

Sulfastixidine 'ivas generoaslv furuished Sharp £. Dohme, Inc , Philadelphia 
I a. through the courtesy of Dr TT \ Feircr 

Natola was supplied Parke Davi*! A Compauj, Detroit Alich tUroufsh the courtesv 
of Dr E A Sharp 

Biotm ivas obtained from HofFtmim La Roche Inc Isatlej Iv J tlirough the courte«i 
of Dr E L Sevnnghaus 

The vitamins, iiitli tlie exception of pteroilglutaniH nci«l and biotin were kindly fumislied 
bv Merck and Companj, Inc, Eahwaj N J through the courtesv of the late Dr D F 
Robertson 

We are indebted to iliss Helen A<»henbrucker, Mi s Pauline Block Mrs Darlene Kehl 
ill Mary lies Mr George Trappett, and Mr Ocie Hadlev for technical a sistancc 
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A STUD! OF THE RESPONSE OF BACTERIAL POPULATION'S TO 
THE ACTION OF PENICILLIN A QLANTITATH E DETERAHNATION 
OF ITS EFFECT ON THE OEGAMS'\IS 

Sophie Spicer AID Dr P H wo Dian\ Blitz B A 
VE^^ York N Y 

T he action of penicillin on susceptible bactena is still unknou-n despite 
the intense effort that is being made to diseo\er the mechanism of its 
antibacterial action AVhile we fulh lealize the importance of a knowledge 
of the modus operandi of this valuable therapeutic agent we belie\e it eqiialh 
important especiallv from the clinical standpoint to kpow what acUialh hap 
pens to the bactena ■uhen exposed to the action of the drug The first obser 
'ation In Fleming* which led to the disco\en of penicillin ms that of hsis 
of stapb^lococcl or desti action of organisms and ^et the action of the anti 
biotic has been referred to since as bactenostatic leather than bactenoidal 
The sensitivity tests on bactena as performed today are evidentlv diiected 
toward the determination of the inhibitory activity of the penicillin on the 
microorganisms E%en in assaying the antibiotics it is the mhibitorv actnity 
of the material on the standard tost organism which is being considered Results 
of penicillin sensitivity tests are rcpoilcd in such tenns as the minimum m 
hibitmg concentration the titer of inhibition the minimum eftectne eon 
centration and so forth Some workci's using t standard organism in their 
sensitmty tests compaic the titer of the test 'Mth that of the standard and 
report their results as half as sonsitne as the standard one quarter as sensitive 
and so on Such reports onlv yagueh suggest the action of the dnig on the 
bactena Although several accounts of the bactericidal effect of penicillin 
haye recently been reported^ the action ls still refeired to as bactenostatic 
or mterchangcabh referred to as bactenostatic and bactericidal 

It IS the purpose of this communication to pi&scnt expenments y\hich 
‘'how that it Ls possible to determine the exact condition of a bactenal popula 
tion when exposed to the action of penicillin — the degree of sterilization the 
number killed and the number suryning the character of the siimvors — 
and to discuss ho;\ these findings may influence and tyen lead to a modified 
tion of present day tieatment of infectious diseases ^\^th the antibiotics 

MATERIXL IM> UFTHOD'> 

The organi ms in the eyperiinents were pnenmo* occi from c'l-'es of lolnr pneu 

“oma hemolvtic gtreptococei from ««caTlet fever and en ipel'u Streptococcus rtndans 
strain, from <ri es of uhacute bacterial endocarditi and tapjivlocooci from general 
^pticeniia*' Ml escept one strain {Sir tindans o) were initial specimen, that i ther 
^cre obtained from patients before penicillin treatment wa'^ instituted The organi ra 
"■ere grown m phosphate buffered beef heart broth ennehed when nece^s arv with 3 p*‘r 
rent citrated here plo. ma Bactenal counts were made in nutnent ignr poured plate-, 
" P®r cent of citrated hor*e blood being added to the agnr 

From Ih Research Laboratori s of the Department of Health 
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Comnierciil sodium penipillm* and streptomycin hydrocMondet wore emploied la the 
sensitiriti tests, and penicillinase! nas used to inactivate the pemciUm in the culture 
Of the sei eral methods non in use for determining the sensitivity of bacteria to the 
antibiotic, the serial dilution method is considered to be the most reliable since it allom 
a wide range of penicillin concentrations This method, brieflj, is as follows TwofoH 
■'erial dilutions of penicillin using broth as diluent, are made in small tubes Tlie nambor 
of tubes set up in a test depends on the range of penicillin concentrations desired, u'liallv 
twehe The penicillin dilutions are contained in 05 ml of broth To each tube 05 ml 
of a loung culture, a hie to si\ hour growth, diluted to 10 s is added, gi'ing a total of 
1 ml in each tube One tube contuning culture without penicillin is added as control 
The tubes are incubated at 37° 0 and are read the following day The last clear tube in 
the series containing the least amount of penicillin which “inliibits” bictenal giowth as 
yudged In usual inspeition is regirded as the indicator of the penicillin sensitmti of the 
organism tested Two streihed plates are made from the last two clear tubes to "mure 
sterility ’’ 

Since visible hsis is a direct proof of destruction of bacteria, we decided first to 
subyect eaih (iilture to sucli a test For this purpose an opaque culture is needed to oh 
serve clearing Diluting the culture, as is done in the described procedure, would not do, 
since the inoiulatid tubes look quite clear before incubation Too many organisms (orcr 
night growth) on the other hand, would obscure lysis if it occurred only to a slight degree 
A three to four houi culture, depending on the rate of growth of the particular orgia 
ism, gate the desired tuibidity and was used undiluted The same culture was al'o tested 

■when diluted to 30 to compare the sensitiaity titers The tenfold serial dilutions were 

used in igar poured platas foi bictenal counts Tlie number of organisms in tlie inoLnlnd 
in different tests generalh \aned from 100,000,000 to 300,000,000 in the straight culture 
and from 10 000 to 30 000 in the diluted culture although smaller numbers were oc<-« 
sionallj emplovcd The turbiditi of the cultures was read before incubation and one tube 
was placed in. the refrigerator to compare directly with the incubated tubes 
morning as a cheek on the turbidity reading The tubes were incubated at o’ 

eighteen hours The turbichtv of the cultures w is read by comparing each tube * 

standard consisting of a set of fuller’s earth suspensions in tubes ranging from a sli^^ 
turbiditi (233 to a donsit) through which a dark object bareU could be seen ( > 

twenty tubes m all The titer of sensitmtv, when straight culture was used for mom ^ 

tioE, was considererl the smallest amount of penicillin which gave a turbidity rea m- 
equal to that of the initial culture before incubation 

Knowing tliat minute amounts of penicillin may inhibit growth of sensitive 
teria, we suspected that the inoculum used to subculture in normal media for s e 
tests carried with it sufficient penicillin to inhibit growth and thus cau'e 
pretation of results In order to eliminate this possibility we diluted the culture' . 
to pemcilhn so that the final concentration of the drug in the poured plates was re 
to negligible amoimts Penicillinase, used to inactivate the pemcilhn in the 
results similar to those obtained by dilution, and, since it was more convenient, t iis 
was employed routinely for bacterial counts in 1 umt per milliliter amounts 

RESULTS OF THE EXPERIMENTS 

As can be seen fiom Table I, the desti action of oiganisms by l3Sti> 
in all the bacteiial stiains tested except ±om, those of Sti vindans s 
identified as sahianus Tyyo gieenmg stieptococcus stiaius one an en ft 
cus and the otliei unidentified, yveie lysed but in liighei concentiatio 
pemcilhn The extent of bacteiiolysis yeaned in the diffeient speciaS) P 
mo^i shoyraig the most, staphylococci less, and hemolytic stieptococci 

•U'jeUi Incorporated Philadelphia, Pa. 
f Merck and Company Inc Rahwaj N J 
tSchenley Laboratories Inc Hew Xork N X 
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Indnulual stiams AMthin the same species also ditfeied hut within a smalkr 
maigin Li sis was not complete m anv of the eultuies, a lesiduuni of nalilc 
cells always lemammg e^en in the highest concentiation of peiiicillm used 
that ot 60 units pei imllilitei In most instances the nunibei of oigamsim 
sunning laiied imeiseh with the degiee of hsis 

Aien and Cullen" liaie shown that pneumococcal autolysm, while hauns 
no action on Ining pneumococci has a poweiful htic action on heat killed 
pneumococci Bionfenbiennei and Muckenfuss® ha\e shown the same to be 
tiue ot staphj locoeci It is, theiefoie, difficult to tell w'hether the Ivsis of 
these oiganistns was caused In the penicillin oi whether the bacteria were 
fiist lulled bv the antibiotic and then antoljzed It is possible that the h sis 
ot pneuinococci cind staphylococci was a suiimiation of effects of unffliorabe 
influences on the baitenal cell The Ivsis of liemoljtic streptococci suggests 
that penieilhn is < apable of hsing bacteiia bv itself, since these organisms do not 
autolyze Attempts to piepaie autolysm fiom hemolytic stieptococci laie 
been unsuccessful 

Table II lepieseuts a tcpical evpeiiment peifoimed wnth a Str tindons 
strain When the penicillin eultuies weie suhciiltiired in noimal me la no 
giowth appealed in the plates Enough of the penicillin was evident! e 
in the tubes to still mliibit giow'th of the bacteiia Howevei, when tie pow 
cillin in the tubes was inactnated wnth penicillinase and ponied 
last mimbeis ot oiganisms weie lecoieied, even fiom the tube f 

60 units pel inillilitei oi 7 500 times as much as the titei of mu" 

(0 008 unit pel milliliter) , ^ 

When undiluted stiaiaht cultiues used m the initial Jjjia 

laige numbei ot lesidual oiaanisms, a piopoitional number of iiaie ) 
were iccoicied trom the penicillm eultuies in which diluted 
cmploied In moie sensitise stiams, on the othei hand, m ^ gj,l, 
smallei nnmbeis of lesidual oiganisms no viable cells weie foun 
cultuie when a diluted inocnlum was used These findings ^lic 

dnidual oiganisms in a baetenal stiam mai' ditfei in then leac i 
eftect ot the antibiotic When cells of a ceiiam tipe aie ” paPle 

nnmbei's thci will he eliminated hi high dilutions Theiefoie 
of withstanding large amounts of penicillin, being piesent in nisii 
heis to he earned tluongh the seiial dilutions, weie excluded when i 
was diluted ten thousand times (10 See Tables 11 and HI 

Hmhei titers of inhibition weie obtained wnth diluted lathei tlm^^ 
undiluted eultuies This did not, howeiei, indicate the tine extmi 
ceptibiliti of the bacteiial stiain tested A compaiison of Tables 
demonstiates this cleaih Heie the sensitniti of a hemohtic ® 
mai he eompaied with that of a Stt vvidans strain Both aie 
to the same extent aocoidmg to the dilution method coim*' 

penicillin m the tubes w as inactic ated w ith penicillinase and hac ei^^^ 
weie made, much gieatei iiumbeis of Mable oiganisms weie (cnt 

Si) itndans stiam than in the hemohtic stieptocoecus stiain 
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survivals m the former is compared vvitli a small fraction of 1 per cent in 
the latter These facts niav account for the gencial obseivation that bacteria 
tested by the present daj methods show a greater sensitivity to penicillin in 
vatro than m vivo The use of straight undiluted cultuies in the tests gives 
results more approximating the scnsitivitj of bacteria in vivo 

The residual viable bactena were found to be inhibited in low as well 
as in high concentiations of penicillin showing a wide range of inhibition 
This was more evident in the tests m which the cultures used foi inoculation 
were diluted (See Table II ) It is piobably due to the elimination of ccr 
tarn cells bv the dilution, leaving a moie uniform population 

Residual organisms (single colom culture) when retested that is on sec 
ond exposure to penicillin showed no increase in resistance, or only a slight 
increase, and again yielded a residuum of viable cells similar to that of the 
original or paient strain Ijjsis of cells, however, either did not occui, or 
occurred to a lesser degree than in the original culture This again demon 
strates the singular charactei istic these residual cells have of being able to 
withstand the killing effect of the drug in high as well as in low concentration 
Smcc these findings point to the existence in a bacterial population of 
membei's differing in the manner in which thev respond to the action of peni 
cillm, it was thought advisable to test the residual bacteria which are capable 
of withstanding high concentrations of the drug vnth streptomycin in the 
hope that they might be susceptible to the latter antibiotic For this pur 
pose the following method was adopted 

Nutnent agar plates are seeded with an overnight giowth of the culture to 
be tested by placing 0 3 ml of the broth culture m the center of the plate and 
spreading it with a wire spreader so that an even, uniform film is pioduccd 
The plates arc placed in the incubator for fifteen minutes with cov ers tilted for 
drying Paper disks* are impregnated with higli concentrations of the drugs 
A stenle pointed forceps is used in handling the disks Eauh disk is immei'sed in 
the solution the excess being drained off against the wall ot the tube The 
disks arc carefully placed on the surface of the inoculated plate foiu to a 
plate two disks with penicillin solution 100 units per milliliter one disk 
with streptomycin 100 units per miUiliter and one disk wntli plain broth 
for control 

The following morning the zones of inhibition aie measilied and the paper 
disks used for residual organisms as follows With sterile forceps each disk 
IS carefully picked up and each placed into 10 ml of stenle broth Tlie tubes 
are well shaken to free the bacteria which adheie to the papei disks The 
original couccnti*ation of penicillin is thus diluted tenfold and by plating 1 
of the washing it is further diluted so that the final concentration in the 
plate is about one hundredth that of the original concentration in tlic disk 
not considering the amount of the drug which was absorbed by the agar If 
the disk does contain some icmaining penicillin it is in negligible amount so 
^hat th e possibihtv of its acting on the subculture mav be excluded 
•Whatman filter paper No 2 disk 10 mm In diameter 
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ri\e inillilitoiq of ench mshing aic used for plating 1 ml to a plate 
Oui penicillin disk cashing is phted iMtli plain agai foi icsidual cell count 
and aiiothci with agai eontiining sticptoinsem 10 units pei milliliter, foi 
its effect on penicillin lOsidml organisms The plates aie then incnhated o\ei 
night The following morning thea aie e'ammed a oolom eonnt is made 
and the number found in the fiac jilatcs is multiplied In two to get the total 
numhei of lesidual oiganisms tiom each papci disk In otdei to obtain a lafio 
of the noimal oiganisms oiiginalla in eontait with the disk and the icmaining 
aiahle colls aftei incuhition with the pcimiUm one papci disk nioistcmd with 
hioth IS placed on a seeded plate and kept in the lefngeiatoi foi about one hour 
to allow the hioth in the disk to he alisoibed ha the ig ii The papei disk is then 
washed m the manner desciihed the washing is scnal diluted and plated fui 
haetenal counts These aio eompaicd aaith the number of oolonics obtained 
fiom the penicillin disks The pioportion of killed and suiaiamg Intteiia is 
thus obtained 

It IS the belief of some inaestigatois that antilnotics m the same tun 
centration aaork moio cffectiaela on small lalhcr than laige numbers of oi 
ganisms Pot this loason no tested smalt numhci's of the test bacteria with 
the same conccntiation of stroptonnein as was used with the icsidual cells 

The results ot the cspeiimcnts aiai summaiircd in Table IV While the 
noiraal onUtues in small as well ts m laigc numbers showed tesistanec to 
high conoentiations of sticptomecm the icsidual hactena wore susceptible 
to low conoentiations of the dtug in amounts casih maintained in the bods 
of the patient 

One of the si\ stiavns of Sir undone tested did not lespond to this 
treatment The icsidual organisms of this stiam weio not affected bs the 
streptomjem in the concentration used for the othei culUnes To shosv that 
tins method es ichablc two pncumoeocens strains which In the tube method 
Jielded small luimbcis ot residual cells, wcie also subjected to this tost In 
one thcie wcie no siahlc cells found on the papei disk The othei sielded 
twentj colonies while the rones ot mhihition were similai to those winch 
Jieldcd largo numheis of \iable residual oiganisms 

Discussioei 

The lesults of the foiegoiug cspeiimcnts bung to light seecial impoi 
tuit facts m legaul to the icsponsc of pcmcillm sensitn e oiganisms to the 
aetion of the drug 

We hare sliowai that penicillin tscits i dchmte bactericidal cftect on 
all siisceptihlc stiaius in amounts possible to maintain in the bod} of the 
patient It is cipilik ot actualU destioemg the great majont} of oi-ganisms 
In hsis, or otlieiwisc undei normal cultural conditions Howercr theie 
are alwars some cells left whieli aie capable ot withstanding the killmg effect 
of eren laige doses ot penicillin remaining sialilc but unable to imdtiplT m its 
presence This mhilnton action extends tluoivh a wide lange of concen 
tmtions, so tint laige and small amounts of tlic drag ha\e the same in 
hihitoiy effect on these residual oJR'inisnw 
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The tests also indicate a heteiogenieity of bacterial cultures in regard to the 
ability of individual membeis to react to penicillin There seem to C'^ist in 
most bacteiial cultuies cells of at least three types, dilfeiing from each other 
in the manner in which they leact to the drug, namely (1) Those vrhich arc 
destroyed by Ijsis, (2) those which are kiUed without lysis, (3) those Tvhich 
aie capable of withstanding the killing action of penicilhn, lemainmg nable 
but unable to multiply m the piesenee of the drug That this threefold rc 
sponse of penieiLbn sensitii e baetena is not a chance occurience mai be ^een 
fiom the following findings (1) 'When a bacterial cultuie, on exposure to 
penicillin, yielded a laige number of lesidual viable oiganisms it alwavs gave 
a piopoitional numbei of inliibited cells in the cultures for which small moculnm 
(lO*^) was used (2j In more sensitive strains, m those laeldmg small nura 
bere of inhibited residual oiganisms, no viable cells vveie found in the calturb 
for which a small inoculum was used (10"*), indicatmg that, being piesentm 
small numbei s m the onginal cultuie, these cells were eliminated bv the dilii 
tion See Table V 


Table 1 Showing Ppopoptioval Nlmbeps op Sdemvtsg Orgvnhsms i\ High 
C oNCENTPAnoNS OF Pemciluv Wiiek Large and Shali Inoculum Was Usto 


B\CTEriAL 

STPAX^ 

CULTURED 

rs' 

PENICILLIN 
(UNTTS/ML ) 

^UMBEP OF 
OPGAN1S3IS 
INOCULATED 

number 

SUFVIVED 


Rtr nridaiis a 

60 

60 

30,000,000 

3,000 


1 4 

1 4 _ 

btr vmdans b 

60 

60 

06,000,000 

6,600 


1 11 

1 13 

1 ITS 

1 2GS 

Str TiridaD'5 c 

60 

60 

160,000,000 

16,000 


Str % indaD> d 

60 

00 

104,000,000 

16,400 


1 273 

1 270 

nw 

JJjlOO^ 

Staph citreus 


100,000,000 

10,000 


Staph aureus 

60 

60 

95,000,000 

9,500 


1 13,500 

Enterococcus 

00 

60 

11,200,000 

1,120 

6,400 

0 

1 1,T50 

Hemolytic strepto 
coccus 9S 

60 

60 

300,000,000 

30,000 

7,000 

0 

1 43,0UU 

Pneumo Tvpe 1 

20 

20 

150,000,000 

15,000 

117 

0 

1 3,^5- 

Pneumo T\pe 3 

20 

20 

105,000,000 

10,500 

128 

0 

- — fWoo^ooT” 

Pneumo Type 9 

20 

20 

200,000,000 

20,000 

100 

0 


Eliminated bj dilution 


It was prenously shown by one of us (S S that mdmdua py 

in a bacteiial cultuie, or specimen, also possess diffeient degrees of sensi ^ 
resistance, to sulfonamides Howcvei, what makes penicilhn a oflk 
potent antibacterial agent is the fact that while the suKa m 

bacteriostatic penicillin actually destroys the sensitive organisi^> ^ 
most cases, only a small numbei of viable cells capable of wit 
action of the drug 
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"We believe that the success of penicillin thcrapv depends diiectly on the 
number of residual organisms left viable after the initial treatment with peni 
ciUiii Tlie very small numbeis of lesidual viable organisms in stiains of 
pneumococcus, hemolytic stieptococcus, and some strains of staphylococcus, as 
shown by our tests, may account foi the diamatic lesults so often obtained with 
penicillin when used in the treatment of acute infections caused by these oigan 
isms On the other hand, the very laige numbers of viable organisms found in 
Str vindaas stiains, as oui tests indicate, may account for the piotracted tieat 
ment with penicillin necessary m eases of subacute bacterial endoeaiditis in 
which Str vindcLiis is the most frequent etiological agent 

With the belief that individual oi*ganisms m a given culture possess dif 
feient inherent eharaeteristics in regard to drag susceptibilitv , we thought that 
the residual cells capable of withstanding large amounts of penicillin might 
perchance be sensitive to the action of othei theiapeutic agents We therefore 
treated bactena, which remained viable after evposure to penicillin with 
streptomycin The results were sinking While the original parent strain was 
highly resistant to streptomycin, the icsidual penicillin inhibited organisms were 
destroyed by small amounts of stieptomvcin Tlie reason for this appaient 
discrepancy is probably the fact that the stieptomy cm sensitive cells were 
present in comparativolv small numbers m the oiigmal culture so that the 
action of streptomycin on them was obscured by the overwhelming numbers o± 
resistant cells Six St) vmdans strains weie subjected to this treatment and 
all but one gave similar results, as can be seen from Table While onlv a 
small number of bactenal stiams weic thus tested we believe the results ob 
tamed so far warrant the recording of these findings If the m vivo action 
of the antibiotics parallels the action in vitio — and the consensus of opmion 
IS that it does — it is possible that tliese findings may have a piactical applica 
tion m the treatment of subacute bacterial endocarditis The administration of 
large doses of penicillin, if the invader is penicillin sensitive, with inteiniption 
of the penicillin treatment once in its cailv stage by a short course of strepto 
aijcm theiapv might possiblv shorten the course of the disease and lead to 
permanent clearing of tlie infection Tins would have to be preceded by proper 
sensitivitv tests of both the original infecting organisms as well as the penicillin 
residual cells A simple method for testing penicillin lesidnal bacteria with 
’^treptomv cm is included in this paper 

The piesent metliods foi testing tlic susceptibility of bactmi to the action 
of penicillin aie inadequate since then losults are not indicative of the true 
response of the oiganisms to the drug By diluting the cultuie for inoculation 
the colls capable of surviving laige amounts of penicillin being picscnt in 
Comparativolv small numbers, are eliminated by dilution so that a true cross 
i^eetion of the bacterial population is not repiesented Besides organisms 
capable of withstanding lugh coiicentiations of penicillin aic also inhibited bv 
concentrations of the drug, so that strcaling plates to insine stenhty niaj 
oarrv over in the loop sufficient penicillin to inhibit growth on the plate, thus 
obscuring the actual condition of the cultures Bv dcstiov mg the penicillin with 
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fallacT ol this mctlioil i, 1 ' 'jttPtf'fotiis strain is tistiallv omploirf tli, 

tor„;;s IS e„“ "■= 

of tLtin.^ aceouling to the dilution meth«! 

pel cent ’ equallv susceptible to pemeillm- 

iloh,rstrX-t.;'' TL'rf” “i »« 

Si? mnfcjic It. tfs f 1 I <-1 a highly m ^at^o sensitive stiain of 

eiidocaiditis 'vhiftp'' ^ piesent methods, m a ease of subaeute bacterial 

n hen the 1 1 ire ^ penicillin ti eatmeiit, becomes less bafflm? 

^'hen the true ehaiactei of such a strain ,s observed 

SUMMARY 

ing susmitihlp Vtn^i ^ pi evented which show that penicillin is capable of dcstroi 
in amounts dossiII otherwise, undei noiinal cultmal conditiomi 

X fchw tt t'-o botJt of th. p«t.,nt 

IS not eomnletfi penicillin on sensitive bacteiial stiauis, howeier 

oiganisr h a! '" <-oneentrat.ons of the duig A i esidinini of in* 

action of the nnt 1 which is capable of withstanding the dcstnietuf 

ml hiLf multiplying in its pieseiicc 

tlnongli a mde Penicillin on the residual vialile cells cdcn(i^ 

diuo- ln\P tl eoncentiations so that large and small amounts of the 

> 1101 ,, 0 .sa...»s 

population bacterial cultures do not constitute a homogcncuU' 

as to the man, ”^*vidual members mar possess diffeient cliaiactciisfn" 
The mfpi ^ reaction undei the influence of the antibiotic 

to the tieatmpnr*"f ° ^ results of the experiments m idalio!’ 

0 infectious diseases rvitli the antibiotics aie discussed 

and Hospitoffor°her^ Bleiins of the New York Post Graduote Medical 

ness in furnishing us with the Streptocoeexts vmdans nilture 
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EFFECTS OF THE COLD PRESSOR TEST ON GLOMERULAR 
FILTRATION AND EFFECTIVE RENAL PLASiMA PLOW 

Captain Peter J TA.Lfeo and Cvptmn Archi r P Croslpt, Jr, Medical Cobn, 

AND Robert W Clarke, Ph D 
Fort Knox, K\ 

•"T^HE cold picssoi test is a A\ell-]vnoMn metliod of deteiinining the ability c 
A the \asomoto] system to lespond to rcpi odiieible stimiilC ^ Exposure os 
the hand or other body aieas to ice yater has been shown to cause pain, local 
vasoeonstiiction, and an eleyation of aiteiial blood piessuie Receiith att® 
tion has been diawn to the effects of a local cold stimulus on renal function. 
Diminished uiinan \olnine, inei eased specific giaiitv, decieased niea clearanfc 
values, and i educed minute chloiide output haie been obseived following mod 
eratelj piolonged esposnie to the stimulus of the cold 2 nessor test in pregnant 
and nonpiegiiant yvomen Equivocal obsciiations of these phenomena liare 
been lepoiled on otlui subiects® It is the purpose of this papei to report tlf 
effects of local peiipheial cold on the specific lemil luiictions of glomeiularfiltra 
tion and effect i\e unal plasma flow 


METHODS 

The subjects foi these cxpeiiments yveic healthy wdiite male lohinteersbe 
tween the ages of IS and 37 ymai-s who on physical examination and iinnayaj 
showed no evidence of leiial disease The men xveie asked to abstain fro®® 
solid food and liquids, with the exception of one glass of w'ater at bedtnno, alter 
supper on the eveniug prior to the expenmeut 

On the morning of the experiment the srrbiect assumed a leclnnng pos' 
An indwelling soft rubber catheter (5 5 mm in diametei) y\as uistalkd la 
bladder Following the application of a blood pressure cuff to the left 
mtiavenous infusions of isotonic saline weie staited in the veins of 
at a late of 1 ml per minute The needle in the left arm w-as vised for dra 
lood samples, that ui the right, for the admmistiatiou of test substances 
these pioceduies weie being carried out (a period of about one hoiu), the 
ingested 1 liter of xvatei Then a priming dose of 40 ml of a 25 per aent 
nitol solution** and 3 ml of a 20 per cent sodium paia-aminolupparate so a 
was administeied rntrax'eiiously x\uthin a period of five minutes 
owed immediately by a sustaining infusion consisting of a mixtuie o 
of isotonic saline, 100 ml of a 25 per cent solution of mannitol, and 1 ai 
20 per cent solution of sodium para-aminohippuiate at a late of 4 ai P® 
ute T his rate was mamtamed throughout the experiment 


^om Medical Department Field Research Laboiatory 

Recehed for publication Jan 8 1948 

•Obtained from Sharp &. Dohme Inc Philadelphia Pa 
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Zero time wts established at thirty minutes after the beginning of the 
priming dose Six or seven consecutive clcaianee periods, of approximatelj 
fifteen mmntcs each, veio earned out Aftci the first two or thiee of these 
periods, which sciwed as controls the subject s left foot w as invniei'scd to the 
Iciel of the malleoli in stnied ice watci at 1° C and was kept thcie throiigliout 
one entile pciiod Following lemoaal of tlic foot fiom the cold stimulus clear 
antes weie nieasuicd for three oi four more periods 

Approxiiiiatclj five minutes aftei the begiiinuig of each cleainnee penod, 
blood samples were drawai through a thiee wav stopcock attached to the needle 
in the left aim, care was taken to rinse out the sjstom several times, using 
withdrawal and icinjected blood iii ordei to wash out auj lesidiial saline Time 
was noted, to the neatest tenth of a minitte at the bogiiuiing and end of the 
drawang of each sample and the aieiagc was taken as the blood sampling time 
At tlio end of each period the bladder was washed with 20 ml of saline and 
20 ml of an 
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MiNi/res 

Fig 1 — Roprtsentatne experiment 

Auscultatory blood pressuics ^\ere obtained at least tince duiing' each of 
the control periods as well as within thirtj seconds before and after immersion 
of the foot in the leo watci During the period of immersion and in the two 
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following peuods deteiminations "weie made it nppioximateh two minute inter 
\ils Thereaftei the frcquene\ of the loidings was similni to that during the 
contiol penods 

Anahses foi mninitol and sodium pua immohippuiate weie earned out 
on hepaimized plasma and on diluted uniie samples aecoiding to the methods 
of Coicoraii and Page® and Smith and cowoikeis*® lespectneh It Ins been 
suggested that the cleaiance of mamiitoj ma\ he slighth lowei than the true 
glomeiular filtration late” This would not alter the inteipietatiou of these 
experiments since the importance of these data has in then lelatue rathei than 
m their absolute a nines 

RESULTS 

The results of these expeiimenls aie summaiized m Table I A representa 
live expenment is shown in Fig 1 As will be noted in six out of se\en subjects 
both glomeiular filtration rate and cffeetiic lenal plasma flow decieased either 
during the application of the cold stimulus oi within appioximateh thirh mm 
utes theieaftei In no subject did the effect peisist longei The a^c^age de 
cicases in glomeiailai filtiation rate and effectne renal plasma flow as com 
pai-ed with the contiols were 14 pci cent and 21 pei cent respeitneh The 
ohser\ed depression of uim^ flow confirms the finding of Odell and Aragon 

In all subjects the blood picssuic lose piompth after application ot the cold 
stimulus and this use was sustained throughout the peiiod of immersion Upon 
rcmo\al of the stimulus the blood pussuic giadualh decicased letuniing to 
control lo\els in fifteen to twenta minutes Examination of these data ie\eals 
110 coiielation between the dcgice of blood pressuie elexation and the obsened 
changes in renal function 


DISCUSSION 

The application of a penplici il cold stimulus is found to deciease Ullna^^ 
minute \olume glomeiular filtiation latc and clfectixe renal plasma flow 

The laige leduction of uianc flow as compaied with the modeiate depies 
*51011 of glomeiiilai filtiation latc is legaided as CMdcncc of alteiation in the 
tuhulai icabsorption of watci This aiitidiiiietu lesponse ma\ be of the some 
imtuie as th it demonstiated In Rxdiii and Veint\ m dogs suh]ected to emotional 
stiess ’2 

The lesults obtained on Subject 3 (2G xenis of age) ma-\ be of interest 
^Miilo the blood pressuie lose in all cxpeiiments ns a lesult ot the stimulus the 
rise was not associated with clianges in glomeiular filtration and icnal plasma 
flow in this one subject The initial diastolic blood piossurt (12S/90) togethci 
\wth the blood piessure lesponse (164/116) durm„ exposuie to cold would 
'Suggest according to the ciitciia of limes and Blown that tins indiMdual he 
^ongs to the pi‘eh\peiteiisi\c graup Ilowexei as indicated abo\c these ohsena 
bons do not establish a coiielation between the device of blood pressure rise and 
the changes in lenal function in lesponse to the cold stimulus 

The mechanisms ultimateh lesponsihlc foi these findings icniain to lie 
identified and nic I cing m\estigated 
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SUMJIARY 

Studies were made of the effects of the cold piessoi test on renal fiinctioa 
Seven male volunteeis who had no lustoiv of renal disease served as subjects. 
Glomerular filtration (as measured h's mannitol clearance) and effective renal 
plasma flow (as measured bj’- sodium paia-aminohippurate cleaianee) were 
detennined before, diinng, and after irnmei’sion of the foot m ice vater at 1° C 
for fifteen minutes 

In SIX out of seven sub 3 ects both glomerular filtration rate and eftectm 
renal plasma flow decreased either dm mg the application of the cold stimulus 
or within approximateli thirty minutes thereafter In no subject didtlieeSect 
persist longer The average decreases in glomerular filtration rate and e&cctivc 
renal plasma flow, as compared with the control values, neie 14 per cent and 
21 per cent, respectively 
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KEI/ATION BETAVBEN STRUCTUKAL ANB FUNCTIONAL 
ALTERATIONS OP THE LIA'’EB 


1IURBA\ Franklin, M D , H ins Popper M D , Ph D , Frederick Steigm inn, 
M S , M D , VND Donald D Kozoll M S , JI D 
Chicago III 

A CORRELATION between basic histopathologic phenomena in the h\er 
and the results of the diffeient liitr function tests is still not established 
In the past, repeated attempts to seem e such a correlation w ei e pnmanly based 
upon animal in\estigations with cxpeiimentallj produced well defined condi 
lions' * In the human bemg, sereial approaches weie attempted One approach 
was the comparison between the histologic pietuie found in autopsj matenal 
and the results of liver function tests earned out shorth before death This 
is objectionable because of the maikcd changes which oceui during the agonal 
period® Another approach was the perfoniiance of serial function tests during 
the course of a disease with well established histologic pictures as for example 
infectious hepatitis oi obstructn e jaundice “ " Onlj recently has a systematic 
attempt been made to compare the results of fiuietion tests with the histologic 
picture seen in biopsies " In the following studs, utilizing a lelatiselj large 
senes of cases of different diseases a statistical attempt has been made to com 
pare morphologic phenomena, independent of the undei lying disease with the 
results of liver function tests carried out at the time of tlie biopss The utdiza 
tion of a larger material appealed desirable to oxereomc the obiious overlapping 
caused bv the oeeurrenee of moie than one of the basic histologic phenomenon 
tn a given ease 

A statistical coi relation between moiphologie alterations and tlit results of 
liver function tests was earned out to study the following two problems 

1 Evaluation of different Inei function tests bj comparison of their results 
"ath the presence and degicc of luci cell damage 

2 Functional significance of the diffeicnt basic morphologic phenomena 


MATEBIAL VND METHODS 


Patients suttering from various stages of different liver diseases or hepatomegalies make 
up the material of tins stud) Tile brer di eases studied include acute mfectioas and to-nc 
tiepatitis, evtrahepatie biliarj obstruction due to tumor or stone different tj^ies of cirrhosis 
and a miscellaneous group which included such conditions as amyloidosis, Boeck a sarcoid 
lympliosarcoma xanthomatosis and so on A total of one hundred sixt} fire biopsies which 
included thirty five repeat biopsies on the same patients was performed and the histologic 
flndiuga were statistically correlated with the results of a senes of function tests earned out 
within two days of the biopsy All function tests were not earned out in crery case The 
biopsies in the great majority of cases were performed by means of the Turkcl needle is 
utilmng the lateral approach through the seventh to tenth right costal inter pace In a few 


!,i,re.E''“K 'be Hektoen Institute for Meilltal Kesearch and Urn peoartments of PatholoCT 
Medicine of the Cook couiiti Hospital Departments of PaUiologv and Snrgeo X 
On?,'"" Unliersitj School of Medicine Department of Internal Medicine Unliersltj of Dllnols 
v^oiiegc of Medicine 

Supported by a grant from the Dr Jerome D Solomon Memorial He'iearch Foundation 
Itecehed for publication Dec 15 191* 
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mstinte'' the\ were peifoiined during lipirotonn The biopsi nuiteriid w is fivcd lu ZeiiUt 
fornnlm or Ciino'i ’s solution .Sections were '^timed witli Ilenmto\^lIn eosin, MaHon < 
imline blue connettne tissue stun, ind Goriiori’s reticulum fiber stun Tlic folloiuji 
lustopatliologic plienomein wore coiielited with results of Iner function tests (1) Mas 
Iner cell dnmige, (2) focnl necrosis (31 legenenition, (A) distorted reconstruction, (o) ptn 
portal mflaninntorr ictnitr, (b) fatt^ metamorphosis, and (7) increased KuptFer cell ac 
tnitj 

A tetrichoric coefbcieiit''* i of correlation of these phenomena nitli results of Ik 
biocliemical detenuin ition u is chosen for statistical correlation B\ this nicthod one i 
en ibled to correlate the piesiuie or ibsencc of one \iirnblo (histop itliologic plicnomciioiii 
witli the present t oi ibsem e of i second rariable ( ibnorm il result of function test) Tii 
coefficient, when correi ted foi the number of cases, iiolded i critical ratio (CK) Tk' 
mathenntiial tigurf (CRi indicates the degree to wliith tiic obt lined results repre ent a le- 
liable or consistent trend b ciiticil rifio ibo\e 2 is considered significant Tlie forerali 
emplojed and in exaiiipb in the dernatioii of i CR \iiluc follows 
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Sedimentation Kate 


Present 

Absent 


Abnormal 
53 
24 


Noruial ffbi 

37 '’0 

20 


OR 


loco - 8SS 


= +0 482 


V 16,984,440 V 134 
Poi use in seitter giaphs the pathologic plienomein were suhjcctiteU graded from 1 P 

Limits between normal and pathologic results of eich of the applied ,, tk 

arbitranh drawn (Table I) In general, the borderline of the pathologic ^ ttoi 

one currentlj accepted In some instances, however, the boiderline his been j 

tint nsuallj emplojed since onh the nmrkodit pathologic levels were 
correlation This was especnlh true in the case of total scrum bilirubin and a so 

alkaline phosph'''''*® 


ester ratio, prothrombin time, and sediment ition rite For serum 
letels weio selected 4 to 10 Bodanskj units as found as a rule m 

Table I Fu^cTIo^ Tests and Lfiels Apbiti akiiv Sflectfp fob 

Histopathologic Phenomesta 


Iner cell damage, 

COFPELATIOS 


nail 


Serum total protein 
Albumin/globulin ratio 
Serum nonprotein nitrogen 
Ceplialin cliole«teiol flocculation 
Thjmol tuibiditj 
Total serum cholesterol 
Percentage of cholesterol ester in 
total serum cholesterol 
Serum alkaline phosplnta«e 
Total serum bilirubin 
Bromsulfalein retention 
(5 mg /kg in 45 rain ) 
Urinarj urobilinogen 
Stool urobilinogen 
Prothrombin time 
Serum ntamin A 
Sedimentation rate 


Below 6 Gm % 

Below J 0 
Above 35 mg % 

+ + + and + + + +’® 
Aboio 4 unitsi" 

Aboie 250 rag % 
Below 45%«.=" 

Aboie 10 BTJai 
4,boie S rag 
Aboic 10% 

Aboie 3 Bhrhcli umts"3 

Below 10 Ehrliclt units 
Below S0%2< 

Below 15 /ig2= 

A hove 30 ram /lie 
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ibove 10 unit as found usuall} in eNfr ihep itic biliur\ oh‘!tru(tion Docreascd p itliologn 
MlueH of urinary urobilinogen ;\ere not utili/od m this atud^ Howo\er a reduction of stool 
urolnlinogen to below 10 units con ulered cridonee of liilnn ob truction and was u ed in 
tlio statistical corrchtion The lc\el elected for serum Mtaimn \ w is quite low Vbnormal 
deration of vitamin A was not found in this senes 


RFSULTS 

Diffuse hier cell damage (I ijr 1 A) ^\as considciLcl to be pioscnt uhtn 
ill 01 almost ill In Cl cells mealed one or mote of the following abei rations 
Irom the noninl dissocmtioii ot the Inci cell coids unusual ^ ination in size of 
the cells haz\ lioiders inopulii si linin', of the c^topllSIn with ‘ippeannce ol 
iirepulnrlv sh iped vieuoles (apparenth not containing fat) clumping of 
(\toplasin With marked basophilia of the eliimpcd matenal eosinophilic coagula 
tiou necrosis, incgulai size shape and staining of the nuclei leading to p3knosis 



Infectious hepatitlq Oloplasm ami nuclei of the n\er cells varj In size and FtalniiiB 
mwiltles The outline of the cells Is haz> and the architecture of the cord Is irrcffular n 
nocroslR In a ca e of clioleci stitls The liver cells have n normal appearance In Bmnll 
npcrotic and arr ronlnccd b> poljmorphonuclenr leucocjtes phich accumulate In 
tie perlBlnuioldal apacoa 


01 billooninp: o£ the nuclei ( gheoscii nmlei) mid liMilini^alion of the entire 
These changes \aned in intensits thioughout the lobule but some degicc 
of damage -was piesent in the eiitnc lobule 

scon fi-oin Table II tlicie was i statisticalh si^iiificint coirohition he 
I'toeii Inei eoll dimage and ceplmliiMliolcstcio! floeenlation tlnmol (urhidih 
‘illmmiii/glohulni latio iiid Inomsulfalein leteiition A less signifieint leh 
tioii sins found to mnihed dociease m piolhiomlnn high \ allies of serinii 
'"I'liihin and slighth elesitcd letels of all aline phosphniisc (4 to 10 Bodniisks 
iiiiils) Lcscls of ilknlinc phosphatase ihose 10 nnits shoued little correhtion 
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Table II Correlation Betwha Morphologic Phenomena and Pathologic Results or 
Litfr Function Tests as Enppessfd b\ the Critical Ratio (a Ratio Abotei2 
Indicates a Siomucant Rliation) 
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REGEN 

FRATION 

MS 
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STRLC 

TIOV 

PERI 
POPTAE 
ACTI\ IT\ 
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FVnT 

CHANGES 

KUPHE 

CELL 

ACTTHTY 

Total protein 

-dl)4 


-199 

-0 82 

-0 43 

+0 56 

-OoO 

A/G ratio 

+419 

+0 43 

+0 28 

+0 81 

+0 78 

-165 

■f457 

Nonprotem lutrogcn 

+1 21 

-1 01 

+0 61 

-1 32 

-2 54 

-1 40 

-04S 

Cephalin cholesterol floo 

+4 SO 

+1 53 

-0 56 

47 

+192 

+1 68 

-OSa 

culation 








Thjmol turbidit) 

1 5 

+0 14 

+2 57 

+2 97 

+0 31 

+127 

+1<0 

Total cholesterol 

-1 no 

+1 30 

+1 30 

-2 81 

-2 15 

•fO 62 

+115 

Cholesterol esters 

-fO yi 

-2 30 

+0 21 

+0 50 

+127 

+0 80 

+00; 

Alkaline phosphatase 

+0 27 

-0 27 

+0 60 

+0 75 

-317 

-0 96 

-015 

(as a whole) 








Alkaline phosphatase 

+2 74 







(4 10 BU) 








Alkaline phosphatase 

+0 05 







(above 10 BU) 








Serum bilirubin 

+9 52 

-2 36 

+1 10 

-1 07 

+0 38 


rnflC 

Bromsulfaloin 

+J 92 

-0 90 

+0 52 

-0 87 

+0 50 

-0 19 

•jAf yj 

Urinary urobilmogcn 

-0 OS 

-1 42 

-2 65 

+183 

-0 85 

-0 97 

-•{j 1 i- 

Fecal urobilinogen 
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+1 42 
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Plasma vitamm A 
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Sedimentation rate 

■so 112 
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+010 

+2 77 

+2 95 
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as did the lesults of the alkaline phosphatase when taken as a Mhole Thwewi 
no xelation between histolojrieallv leeognizablc paienchvmal damage an av 
noimal leiels ot total piolein, niinai*} iiiobihnogen, deciease in cholesteio esc 
latio, eleiated nonpiotcin mtiogen, and sedimentation late 

Among the seattei graphs mIucIi plot the quantitative i elation between 
cell damage and the lesults ot laiions livci function tests, thiee 

ticulaih mstiuetive No qiiantitatn e lelation m as f oiind betw eeii parenc i 

damage and total seiiini piotein levels (Fig 2), except at veij low 
ot liTpopioteinemia due to causes other than livci disease wcie not me n 
this studs ) The degiee of nioiphologic damage associated iMth tota 
leiels between 5 and 8 pei cent was similai Howcvei, theie was 
quantitatne lelation between the albiimin/globnlm latio and the ej 
parenelnmal damage (Fig 3) The relation between livei cell 
cephalni eliolesteiol flocculation IS moie complicated (Fig 4) ® 

(composite) ciiive shows that the degice of livei cell damage is 
to the cephalm-cholesteiol flocculation between the langes of 1 
Howeiei, a gieatei degiec of damage coincided wutli cephalm-cholesteio 
tion values ot 0 than those of 1 plus The explanation foi this 
fact that mani patients with negative cephalm-cholesteiol . wg moi 

hepatic hiliai j obstiuction seeondaiv to tumoi oi litluasis and sonic o ' 
phologically exhibited inaiked livei cell damage On the othei ban , 


the cases in the 
Foc<tl necrosis 


1 plus to 4 plus lange had piiniaiy hepatitis oi ai 

ISIS (Fig 1, B) was indicated by small, irregulaily saa 


area'! 

in which the paienchjmal livei eell^ weie eithei absent oi piesent m Ibe^ 
small anu clear fiagnients Thej’^ wmre replaced by large num ers 
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Fig 2— Relation between serum total proteins and liver cell damage 



Albumen /Globulin JSotio 


Fig 3 — Relation between albumin/globulin ratio and liver cell damage 

colls or poljinoiphonuclcar leucocjtcs giving these areas a rather cellular ap 
pearance No definite correlation between focal necrosis and anj of the function 
tests was found 

Regeneration of liver cells (Pig 5, A) was eharaetenzed by lai-ge paren 
ehymal cells often containing more than tno nuclei which were frequently 
tizarroh shaped These, regenerating cells were found cither in piotractcd 
^tver cell damage or in apparent recovery from a preceding injury This 
tnorphologic phenomenon showed a correlation only with elevated levels of the 
thymol turbidity test 
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Fig ■) — Photomiciogi'iphs of h\ei biopsj specimens A Uttle 

jn a case of chronic infectious Ijepatitis The \Uet cells in geneial There 

some of them ire laige and ha\e t-wo oi three nuclei and abundant portal C‘ 

proliferation of histioc\tic cells B Distoited reconstruction in a cssj- architecuac 

(Mallon s aniline blue stain) Small nodules de\oicl of the usual lo 
separated b> ^\ide connectne tissue trabeculae .„,i 

r 5) denotes 

Di^foited }eco 7 ist 7 iicfion of the live} 2^^? 
paitial 01 conpilete loss of the lobulai pattern iiith leplacement 
nodules, the cells of which weie not aiianged aiound a centia 
pseudolobules laiied in size, w'eie often found neai the ^ 

weie usualh well denial eated In nioie oi less dense connective tissue 
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signifieam conolation ^uthcephaJppcholesieiotfl^ f 
o’>e .nk thvmol tuibulu. and sod,mentaC^ aT^ 

Penpoita] inflmmmionj leachon fPur r a\ 7 
eijanges m the poitaJ tnads uMiall, oiiJ,! 7 (Jesenbed infiainmafon 

These ehanges cha;a(<e7,/ed bv , f 7 “ ^^>6 Hmrbfit^ 

ifieJy ot pohmoiphonudeai IcucIa tes T cells and onlv 

size and diape Piohi.naiion oi ‘.ent ,n 1 ^ Aanedin 

the moie nnnkcd oi tJuse infli7„ » ‘»atedin(!i 

signjhcant z elation to inenased siioirah 

fephahn-eholesteiol f^c(( uhition test""*^" '' onetoth 

Faf/p ttnno) phdsis tP,,, p , 

iat in the Inci ^ ''’'’s eh,uaeteii/ed b\ accumulation of 

be no significant zilation h,.ti, '‘”'otis sized dioplcts Theie appeared to 
'«h ’’‘'"'m. these changes end „t 

pioJiteialKin Tins nas dial iV” **' tienoted then mehihznhpn mil 

hizgement ol th(> indicidu,] if mezease in (he miiubei and an on 

eell euids and rlieiz ahuaciinz f sepaiatecl fiomtheliur 

and otten (viiUinu^d riba'iocct*' jiP <ism extended into liie luiiieii of (lie sinii't' 
cozzeldtion Mitli tlie alhomiM *1''? Tins pictuie slioucd a significant 

hdiiiibin latzo and wztii a nniikecl incieaseiiisernin 

In the int comjiknt 

tJiei aie statistical nn<l coizolatzozis ioiind, it must be kept in mind tM 

taet that a nioipjjoJoo,, ‘‘^ciation must not be confused yitli causation Tk 
of a ceitain iiinction"'test^ *^^'*^^*'^**^*' sissociated ivitJi abnormal laliif^ 

that pathologic ehano'e q'' P'ooi that the abnoiinal fuiicfioii is caused!)' 

inoiphologK (hannpsimli ‘ eoinnion iactoi miglit he lesponsiblc foi i»!l> 

As expected, "difti'l dlteiatioii 

tion Mitb mam of the b dnniage levealed, in geneial, a good eoireh 

tunetion tests ueie iieonf^^ nnction tests In some instances, Jionciei ii'ff 
'^■'ei, in indmdual cases if ”* Piesence of \isibie In 01 coll damage JIoi'’- 
tion tests The pattern ^®“i^nnalions ot positne Jnei fim*’ 

cepbahn (bo)esteiol flocc If ''‘'nations is onh paith known Tims Ik 
plicated extiahenatip hii,” I^'i't was almost mvaiiabh negsitne m nwfl® 
T’oeal (hail-. , ' action 

geneializcd hi e^TeJJ '»oi pliologically often fai moie impiessne tkii 
mattei), aie not npepJ*'"T^ lecognition of which is not aluiiuasunik 
bulk oi the stiJ] nilaet 1 ' ‘'•^''neiated svith Inei iunction impaiiment Tk 

Mhich aie clestlo^ed P-neneJnma compensates ioi thoielatneh feff«k 

oecnrienee ot focal opp °“^^*'‘Aion is wcil m keeinng Mith the widespread 
Inez impaiiincnt is n ”’^'^^itude of diseases ni mIiicIi no functiona 

cell damage should noi conclusions conceining the extent of i'"’’' 

alteiatunis * law-n fiom isolated tbougji anafoinicrolb impress"^ 
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Path clnnges as such do not luterfcic imiKcclh ^\ith Ii\ei fui)ction Dis 
tortecl reconstruction a<- an expiession of carhosis is related to some hut not to 
all of the function tests Except foi the tlnniol tiubidih test there is no statis 
ticall} recognizable relation between icgcneiatnc piocesses and am of the 
function tests The incieascd Kiipffei cell actnita in cases of sc\eie jaundice 
IS piobabh best explained b^ the laige amounts ot bile pigment in them The 
inflammaton nature of the poital icaetion explains its coirelation with the eleaa 
tion of the sedimentation latc, howeaei, no iclation to othei function tests was 
demonstrated 

The e\aluation oi the ^allous fuiKtion tests In a moiphologic method 
rendeied, in geneial lesults similai to those of othei methods ® In contrast 
howe\ei^ to the findings of Sherlock tins method tailed to re\eal a significant 
correlation between total stium piotoin conoentiatioii and an\ of the examined 
pathologic phenomcni The albiimin/glolmlin latio appealed to be a much 
better index of li\ei cell damage The total piotcin conceiitiatioii without 
albumin globulin pulition is no indicatoi of Inci cell damage except when 
maikedlv decreased With maikcd Inei cell damage the alhumin/globulm ritio 
maj be ie\crsed with noimal total piotcin \alucs This is paith explained b^ 
reduced formitioii of albumin b\ the damaged Inci The demonstiatcd coi 
relation between Kupffei cell mobilization and the albumin/ globulin latio is 
probabh due to hjpeiglobulinemia which is known to ocewi with stimulation 
of the loticuloendothchal s\stem^‘' The nonprotein iiitiogen appeals to be 
unrelated to an"! of the examined phenomena rie\ation of nonpiotein nitiogen 
and uiea nitrogen in lucr disease (in some fonns of liepatitis and in prolonged 
cxtrahepatic bilian obstiuction) is piiniuih a lenal phenomenon due to 
pathologic icabsoiption of urea in the renal tubules^® 

The cephalin cholestciol flocculation ic\calcd a good coiielation with Inor 
cell damage since m the absence of paienclnmal damage the cephalin flocculation 
IS almost imariablj negatne This obsenation obtained b\ statistical cialua 
tion of the ontiie material must be qualified when indnidual cases aic anahzcd 
The cephalin cholesterol flocculation is usnalh ncgati\c in uncomplicated cxtia 
hepatic biliar\ obstruction, e\en if sc\eie li\ci damage is MSible under tin. 
microscope With equal degrees of moipbologicalU dcmonstiable Inei damage 
tile cephalin cholestciol flocculation is pathologic in pnman hepatitis (infectious 
or toxic) 01 in cinhosis and noianal in an uncomplicated bilian obstiuction due 
to tumoi 01 stone If the biliar> obstruction is complicated In baeteiial infection 
of the portal triads the cephalin cholestciol flocculation becomes positne’* 
The afoiemontioned chaiacteiistics of the ocphalin-cholesteiol flocculation test 
make it espccialh useful fiom a practical diagnostic standpoint ^ ^ No ex 
planation can be offeied foi the fact that a test which depends on the relation 
between albumin and gimina globulin was iiegatne in inolonged uncomplicated 
bilian obstruction despite achaiiced Inei cell damage Tlie fact that this test n 
iisualh positne in ciuhosis accounts foi its close eon elation with distoitcd 
reconstruction of the lobulai pattern 

The tlnmol tuibidit^ leicals stntisticnlh the most significant coiielation 
''ith Incr cell damage The close coiielation with logcneratiOn agrcQS with 



444 


FRANKLIX, popper, STHGMVxNX, A^D KOZOLL 


tothatofl wlnf I leconstiuctiou can be nitcipicted mmilarh 

to that of the cephalm-cholesteiol flocculation test 

signiSnt'cmieht?"' cholcsfeiol estei fiaction showed no 

total cholestciol of 1 ‘ examined nioijfliologie alteiatioiis Tie 

flow Cholestcinl " f xuisicdl laundiee is piobalih due to obstructed Me 

to the stndirft alkaline phosplialase in frenoial shoned no relation 

Phosnhata^ "-Iflmlojnc chancres Iloumci, if the lesults of the alkahne 
lewaled a le) *) " between 4 and lOBodniislo units 

units Sr-nl-fi' ^ flain.iffc but not the e:ioiip aboi e 10 Bodansh 

the lesiilt ^ <?^atKin o1 the alkaline phospliatase hnel is consideiedpiimanh 
siifrit Inil niteiieiencc with bihan exeretionl’ 

of lehtimi + i* httutdiec, this accounts foi the absence 

units marh u ^ daniace In the uioup with ^nIncs between 4 and 10 

deo'ie'p ni hif fl^<^floni'«<itcd This le\el iniglit be explained bj alessor 

In 'flip (tan niteitcieiiee oi, as has been claimed, b^ an iiici eased formation 

O' me damaged In Cl cells ’s <1 

related retention (studied only m iionianndiecd patients) 'W 

usualh damage Eleiation of uiinan uiobilinogen iias 

approach thf damage On the whole, howe'er, in the apphed 

biliary nhsti r’onelatcd with each othei since in the piesence of 

the unne (rnfia oi extiahepalie) uiobilinogen imn be absent hw" 

an indicator ^ damage Stool uiobilinogen being pnmarilv 

rpj 11 lai' excretion showed no i elation to the studied phenomena 

to the faof 7°^ reduction of piothiombin to Inei cell damage is dne 

rnvaiiablj noinmt paienchyinal damage the piotluombm tmieiras 

thrombin tmip ' Howeiei, the le'eise did not hold tine, that is, the pi^ 
dama<^e ^ceasionalh noinial m spite of ]iistologic.nlh iceognizabiecel 

Inei fimetion”? ' rieceptecl a patliologic piotluombm time is evidence o 
as nooi X 7 t ^fl^^rrment, piondcd otliei causes of inpopiothiombmemia siic> 
aie ruled ouf”^ ribsoiption due to obstructed bile flow or intestinal disorder 

vitamin A level showed a fan relation to 

paiench'mni ^if T ^ values w-eie found in hvei disease t ^ 

paienctijmal cells a mnot , , , , a 1 m 


uaicop-h.nioi „ 1 T ^veie found m hvei mseas. - 

have beL coo'^ f ^ constantly appealed damaged Low vitamin A Ie«k 
taJmtcL? f function = « Obnoush 

A defieicncv ^mi^ ^ caused by other faetoi-s leading to endogenous utamm 

'itomin A 1 explains whj m some instances wnthout hvei cell damage <" 
'itamm A values w^eie found 
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The sedimentTtion late ie\calc<l i roirelation ■with peiipoitnl aeti\iU, piob 
ably because of the htter s mflamniatoii eltaiaetei The coirehtion of the 
sedimentation lato \nth distoitcd reionstmction of the lobulai pattern may stem 
from the fact that cases of aetnt cnihosis shotting such reconstruction usnalh 
exhibit inflammatoii penportil ictnits 

In general, the presented coiiehfions max aid in the differential diagnosis 
of Inei disease bx a moiphological exaluntioii of the function An association 
betXTeen function tests and moiphologio alteiations exen xxithout causatixe 
connection, is significant 

SUXIM \K\ 

In one liundied thiitx patients (thiitx fixe reptatedlx studied) snffeiing 
fiom xauous lixei diseases the histologic picture of the Iixci as seen m biopsx 
specimens obtained bx aspiiation or laparotomx xxas compared xvith the results 
of a scries ot hxei function tests pei formed at the time of hiopsx 

The incidence of sexen moiphologie phenomena (diffuse lixer cell damige 
focal necroses icgeneration distoited leconsliuction penportal aitmtx fattx 
metamorphosis, and Ivupffei cell mobilization) xxas compared statisticallx xxith 
the results of each of different lixer function tests 

A significant couelation xxas found betxxccn diffuse hxei cell damage and 
albumin/globuhn ratio rephalin eholesteiol flooeiilntion thxmol tnrbiditx and 
biomsulfalem retention, a lessor degico xxith lughlx elcxatod serum bilirubin 
reduced plasma xitamm A increased piotliiombiii time and slightlx elevated 
alkaline phosphatase No correlations xxeic elicited botxxeen parenchymal 
damage and total sei mn pratem total eholesteiol eholcsleiol ester ratio unnarj 
urobilinogen stool urobilinogen alkaline phosphatase in general (and markcdlx 
elevated alkaline phosphatase spceificall) ) iionpretein nitiogen, or sedimenta 
tion late 

Focal necrosis, m contiist to diffuse lixci eel! damage xxas not associated 
with significant changes in Uxor function The same xxas found xxath fattx 
metamorphosis 

Eegeiicratiou shotted a coirciation xxitJi incieised thxmol tuibiditj Dis 
torted reconstruction of the lobulai pattern (as seen in cirihosis) xxas related 
to cephalin cholesterol flocculation thxmol tiiibiditj and clcxation ot sedimenta 
tion rate Kupffer cell actixitj appealed related to elcxated seium bihrubin and 
pathologic albnmin/glohuliii latio 

These findings pioxided a basis loi the morphologic cxaluation of xarioxis 
bier function tests and a discussion of the tunctiona! significance of the afore 
mentioned pathologic phenomena 
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THE IMPORTANCE OP THE RATE OP DYE REMOVAL IN THE 
BROMSULPALEIN TEST OP LIVER PUNCTION 
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Theodore B Thomas, I\ID 
Pittsburgh, Pa 

F ollowing the mtioduelion ot biomsulfalcm (BSP) letention as a test of 
luei function Rosenthal and Wlnfe* in 1925, numeions attempts liaie 
been made to lmp^o^e the clmieal method Ciuientlj, the accepted pioecduie 
toi the test is that lecommcndod b\ Mateei and co-Moikcis” This piocednit 
uses lntla^enousl^ 5 mj? ot BSP pei kilogiam body weight and accepts 4 per 
cent letention in foit}-h\e minutes as the uppei limit of noimal hvei function 
The BSP concenti ation in seium is deteimined by the metliod of Gaebler 
Seveial ^cais ago MacDonald'* published clinical endence indicating tie 
value of sciial BSP dcteiminations in the detection of livci damage B> taking 
blood samples at fitqmnt intenals atfei the iiiieetioii of 5 ing per kilogram 
ot BSP nltla^cnoush he was able to detect Inei damage not eMdeiit from a 
single toiti file minute lilood sample The studi heic lepoited was uiideitakii 
to compare the value of the fifteen-minute lilood sample with the fod' 
minute sample in the detection of Inci damage 


I XPERnn \T \L OBSERVITION'S 

Theie is abundant iiidemo that inliavcnoush miecled BSP is not 

tatnely excreted in the bile but is eliminated In othei systems of the hodii P^ir 

ticulailj the icticulo endothelial s\stem“ ® ® Aftei 

naiy expeiiments in dogs that 5, 10, and 20 mg pei Inlogiam of 

venoush’- melded lepiodueible and quantitatively similai ciines, the c cc^ ^ 

blocking the letieulo endothelial svstem with India mk was studiei 

lecoids a tipieal expeiiinent It will be noted that, althougli within 

after the mjection of the India ink tlie foi -five ininnte senim BSP cic 

below 1 mg pei cent (10 pei cent letcntion), as long as 192 horns a 

fifteen-mmute seium concenti ation lemaincd above the eontiol lei el 

Following splenectomy (Pig 2) wutli lemoial of this poitioii of the ro 

endothelial S3^stem, theie wms a tempoiaiy ineiease in BSP leteiition 

ti ated in Pig 2, tins letention was eiident m the fifteen-minute 

two days attei the forts -fiye minute sample had letuined to eontiol 

After obtaining a contiol BSP letention test using 5 mg pei y^^iani 

venously, hepatic damage wms pioduced in labbits bj gisung 0 5 ml P^i 

of eaibon tetiaehloiide in coni oil sna stomach tube BSP leteiition w< 

two da 3 ’'s and ten days aftei the administi ation of caihon tetiachloii c 

recoids the maxked BSP retention that oecniied in the jg^els 

sample long aftei the foitj^-fiye minute sample had letumed to con p,! jo- 

The lesults oi these expeiiments indicated that, when the 

thehal sjstem wms eompiomised (India mk injection, splenectoins ) 

From the School of Medicine and Alcllon Institute Universit^ of Pittsbure 
Beceited for publication N'ov 25 1947 
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Fig 1 Fig 2 


TABLF I PeRCENTACE op BROMSUI PALE3N BETEN'^0^ 


PJtBBIT 1 

NO 1 

1 CONTROL 1 

TWO DAYS 

\FTEB cCL ( 

TEN DAYS 

AFTER CCL, 

1 15 MIN 

! 45 lUN ! 

15 MIN 

( 45AnN 1 

15 iriN 

I 45 MTN 

59C07 

3 

1 


4 

15 

2 

59j49 

1 

0 

71 

3 

9 

1 

59603 

3 

0 

58 

2 

6 

1 

uD606 

4 

1 

54 

2 

45 

12 


hepatic change was produced by the oral administration of carbon tetrachloride 
the fifteen minute serum BSP sample leflected the change long after the fortj 
five mmutc sample had become nonnal 


CLINICAL OBSFJlVATIONb 

B&P deteiTnmatioiis using Gaebler s method® and 5 mg per kilogram doses 
ill tnentj individuals with normal Inci function are recorded in Table IT 
Table III includes the BSP letention data fiom twenty one individuals hos 
pitilizcd luth miscellaneous disorders 

AH the normal indniduals (Table I) had a fifteen mmute BSP serum con 
centntion below 25 per cent This finding agiees \nth the observations of 
"MacDonald* vho leported moic than 25 pci cent retention in fifteen minutes 
onlj three of thirt> eight patients In Patients 1 7, 8 9 and 21 in Table III 
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hoses, CRITCHKELD, and THOMAS 


I ATiEiXT 


I 

1 

4 

5 
b 

7 

8 
Q 

10 
11 
12 
1 ? 
U 
15 
lb 

17 

18 
lO 
20 


DIAGNOSIS 


iX/rsi-X 

H^’potlnToidism 
Contusions of ftcc 
Pneumonia 
Morphine addiction 
C ^ S sjphilis 
potlu roidism 
Pneumonia 
Parhinsonism 
Anal fissure 
Tendon sutun 
Renal glvcosuri i 
Shin graft 
Finger amputation 
( ontro! (student) 

‘ ontro) (student) 

l^ntro] (technician) 
. Contiol (tcihnicnn) 


SEX 


M 

r 

F 

r 

M 

M 

M 

F 

27 

M 

27 

M 

nr 

M 

Dr 

Dr 

Dr 

Dr 

F 

p 


AGE 
(5R ) 

RETENTI0\ fC/r 
15 MIN 1 45 1 

54 

14 


34 

5 

( 

38 

22 


52 

ID 


54 

14 

3 

54 

20 

4 

55 

5 

2 

30 

5 

1 

37 

18 

0 

67 

23 

4 

64 

15 

1 

38 

13 

0 

34 

11 

J 

52 

22 

0 

20 

22 

6 

31 

14 

■> 

24 

18 

3 

20 

17 

0 

23 

U 

4 

23 

10 

4 


I'as ivithm :\ftiteei s upneT foif3'-five minute sample 

fifteen-nnniite sample letealod **** ^ intention, although the 

called p.rt.cala/h p" P« cent BSP tetenPon = All— 


IN called particiilaih to Patent 9i letention^ Attentioi 

ence, incieased BSP retention 4i ^ongestne heait failme In oui e\peri 
to be mote eudent in Mm of congestive heait failiue is hWi 

The deciease m BSP letenti iJie foift-five minute sample 

failnie, demonstrated Imm i <’<^cnrs with lecoverv fiom congestive heart 

neie, has been lepeatedly observed 

EIN RETE^Tf0^ HoSPITiVLtZED WlTH DtlSCELlANtOlS 


1 

2 

3 

4 

5 
G 
7 
S 
9 


PATIEN t| diagnosis 

Goiter 
Hjdrocele 
Hyperthyroidism 
Cirrhosis 

Bile duct carcinoma 
Cirrhosis 
Cirrhosis 

Bemicious anemia 

to of rectum 

10 Alcoholism, diabetes 

lo m '>®Put»tion 

12 Trophic ulcers 

13 Bronchiectasis 

14 Carcinomatosis 
lo Hepatitis 

16 HepaPtis 

17 Hypertlijroidism 

5^5T®^^jroidisiri 

19 Gallstones 

20 Cholecystitis 

21 Congestive heart 

failure 


M 

Dr 

F 

Dr 

DI 

DI 

Dr 

27 

27 

21 

27 

DI 

DI 

DI 

F 

F 

F 

F 

F 

F 

Dr 


age 

(hK) 

44 

55 

32 

70 

69 

60 

60 

58 
69 
66 
60 
16 

59 
30 

39 
26 
34 
44 
44 

40 
43 


BROMSUirAXEIN 
RETENTION (%) 


29 
37 
34 
52 
32 

30 
30 
32 
27 
41 
32 

30 
27 

31 
77 
60 
50 
42 
38 
46 
32 


COMMENTS 


1 

IS 

12 

15 

27 

IS 

4 

1 

3 

8 

8 

8 

7 

20 

49 

47 

22 

12 

6 

2 


B M R , 22% 

MTne, quart daih for 10 vr 
B M E , + 32% 

IVlushej , quart dail) for 4 bo 
I cterus index 40 units 
Serum protein, 5 5 Gn> 9c » ' 

Gephalm flocculation 3+ 
BBC, 14 million 
Hepatomegah 

Ho Iiepatomegalj , , 

Formerly drank quart nine oa i 
Spina biflda 
Post operative, lobectomy 
Pnmarj site iindcrniineil 
Icterus index 30 units 
Icterus index 100 units 
B M R , + 42% 

BDTE, + 28% 

Asymptomatic 

Subsiding, afebrile, no jauno 
In severe failure, congestive 

hepatomegaly 
After recoverv 6 wh later 
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Table IV Changes in BSP Eetevtion During Hospitalization for ALcoiiOLisii 



1 


1 

DURATION 

OF 

CHRONIC 

VLCOHOL 

DURATION 
OF DRINK 
INO BOLT 
IIIMEDI 1 
ATELl 
BEFORE 
HOSPI 
TALIZA 

BROilSULFALEIV 
RETENTION ON 
ADMISSION IN 
PEP CENT 
RETENTION 

DURATION 

OF 

HOSPI 

BROMSULFALEIN 
RETENTION ON 
DISCUAPCE IN 
PEP CENT 
PJTTENTION 


KSE , 

AGE 

SEX 

' iSil 

TION 

15 MIN |45 MIN 1 

TION 

15 MIN 145 min 

DIETOTIIEF^PI 

1 

40 

F 

10 ^r 

3 mo 

42 

4 

2 uk 

20 

0 

Hou e diet without 
supplements 


43 

I 

IG \r 

4 Avk 

4o 

10 

2 wk 

30 

0 

High protein CHO diet 
With supplements 

3 

SO 

51 

2 \r 

2 

40 

4 

2 wk 

20 

3 

High protein CHO diet 
With supplements 

4 

4o 

M 

4 5 jr 

2 vk 

34 

10 

10 (Hys 

21 7 

High protein CHO diet 
With supplements 


43 

51 

20 }r 

0 

34 

10 

3 wk 

18 

4 

House diet without 
supplements 

r 

dl 

M 

2o %r 

3 \'k 

38 

4 

2 \\k 

IS 2 

Higli protein CHO diet 
wath supplement*^ 


50 

51 

20 VT 

18 (lays 

32 

2 

1 \\k 

10 

0 

House diet mthout 
supplements 

s 

" 

51 

4 jr 

I jr 

80 

10 

4 wk 

3‘^ 

6 

High protein CHO diet 
witli supplements 

9 

46 

M 

20 yr 

4 wk 

38 

4 

2 wk 

18 

0 

High protein diet 

With supplements 

10 

4o 

F 

8 \r 

4 \'k 

60 

30 

2 

27 15 

High protein CHO diet 
with supplements 

11 

43 

M 

20 }r 

0 uk 

(2 40 

2 kK 

CO 

18 

High protein CHO diet 
with supplements 

]> 

oi 

F 

14 VT 

8 mo 

do 

80 

O wk 

o4 

30 

High protein CHO diet 
with supplements 

13 

5 

5t 

20 jr 

2 «k 

36 

12 

3 wk 

26 

4 

House diet without 
supplements 

14 

jO 

M 

18 jr 

6 mo 

97 

9o 

C wk 

40 22 

High protein CHO diet 
with supplements 

25 

o3 

F 

12 yr 

4 mo 

42 

16 

2 wk 

13 

4 

House diet without 
supplements 

16 

• 0 

it 

20 }r 

3 nio 

o2 

14 

I \ik 

2S 

IS 

High protein CHO diet 
wath supplements 

li 

c>-> 

M 

IS \r 

3 mo 

54 

16 

2 wk 

23 8 

House diet wathout 
supplements 


Table IV lecords the BSP retention of seventeen chronic ilcoholics hos 
pitalizecl for acute intoxication At the time of adiuLssion to the hospital the 
BSP retention in fort'v fi\e minutes iias 4 per cent or under in fiie cases Hou 
e\er, the fifteen minute sample leicalcd 30 per cent oi moie BSP retention in 
e\ery instance 

With abstinence fiom alcohol, and iNuth sedation as necessarj (chloial hi 
drate pnialdelijde) and an adequate dictarj regimen there uas a distinct de 
crease in BSP letention in e\en ease Tiie decrease in BSP retention was par 
ticularh sti iking in the fifteen minute sample in Cases 1 3 4 6 10, and 13 
iihich had exhibited onl\ slight inci eases m BSP retention befoie the inception 
of therapy 

Six of these indmdinls (Cases 1 5 7 13 15 17) received onl\ the routine 
hospital diet vnthout a high protein diet oi \utamiii supplements Tlie eleven 
othei subjects lecened daih a high protein diet (120 Cm or moie), 6 fim of 
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JIOSES, CRITCHFIELD, AND TH05IAS 


cholme dilijdiogen citrate m divided doses, and 6 capsules eadi eoutaminWlO 
mg aseoibic acid, ‘d calcium pantothenate 9 5 mg , choline cliloiide 20o"m<^ 
folic acid 5 5 mg, inositol 54 5 mg, niacinamide 110 mg, pyrido\ine HCl 10 

mg, iilioflavin 13 0 mg, thiamin HCl 16 5 mg, and livei ponder 2200 mil), 
glams 


^^^^^^<^ 1 ^ 6111 , impio%ement in livei function as evidenced br a dc- 
ciease m BSP retention oceuired both in those patients leceivmg the high pro- 
em diet with supplements and in those leceivmg the loutine hospital dietwitk 
out choline and i itamin supplements Although the clinical impiession obtained 
lat tie patients on the high piotem, high vitamin regime lesponded more 
rapidly, no conclusne eiidenee in tins regaid was observed 


SDJIM.VR\ 

data indicate that sufficient additional infoimation is obtained from 
e tecn-iiiinute seium sample iii the BSP letention test to pistifj its use 
along witli the foiti -fii e minute sample 

It IS suggested that uith the BSP method used in this studi 25 per 
cent retention in the fifteen-minute sample is probably the upper linut of normal 
- s noted by Mateer and associates,- 4 per cent leteiition maiks the iippei limit 
of noimal in the foity-five minute sample 

The deciease in BSP retention followuiig leeoieii from acute intoxication 
m a group of chrome alcoholics is lepoited This deciease m BSP letentionvas 
not markedly diffeient in patients leeenmg the loiitine hospital diet from those 
lecemng a high piotem diet with eholine and iitamiii supplements 
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THE EPI ECT OP ORAL ADMINISTRATION OP CASEIN 
HYDROLYSATE ON THE TOTAL CIRCULATING 
PLASMA PROTEINS OP MAN 


Bacon P CHO^^ Pa D and Shjrlei DLBiase 
Ne\\ Brunswick, N I 

N umerous micstigitoi's lejioit that diseises and plubicil mpiii eiii effect 
not onh a deciease m i)hsma protein coneeiitntion but also a change in tlic 
composition of tlie phsnn proteins'” TJie outstanding dnnges common to 
imni of these situations aic n dctreise in the per cent of albumin and an in 
creise in the pei cent of alpha globnlins such as me commonlj obseried in 
protein depletion ’ “ Coiisoqucnth , the einnges in the plssma piotem patterns 
ill man\ situations inaj he due to piotein depletion nthei than to an inherent 
spceificite ol a giecn disease Shoiilel this he the case m fact then the feeding 
of a suitihle protein should icsult in i leliiin toieard uornial of the plasma 
protein jiattein uithout the iieeessite of effcetiiig at the same time any significant 
change in tlie disease itself Sonic selection of the inotcin maj be necessaie 
since It would appeal tint different pioteiiis imj cause icgcneiatioii of diffeient 
plasma proteins to different dogiccs ” 

The abiUte of a pioloin oi a Indiohsite of a ptotein to stimulate the 
rcgeueiatioii of \auous plisma pioteiiis lias some importance in itself, since 
h'dioljsates into come into elinical use' " The present investigation is eon 
coined with a studv of the plasma piotein pattern in a vanetv of clinical eases 
and vntli the ahihtv of a easom hvdiohsate* used as the sole sonice of protein 
to cause restoration of aliiioimal patterns to noimal 


EXTERIIICNT en VIETIIOOS 


I’lasim volumes weie dotenniiied In the method of Uiegeisen and Stew ait’* 
Using I cans blue dve (T 1624) The total piotein conceiitintion ot plasma was 
deteiimned hv the micio Kjcldahl method with selenium and coppci sulfate 
ascatahsts I'oi electiophoietie aiiali sis of the plasma proteins about 10 ml of 
plasma weio diluted with an equal volume of dicthvlhaihituiate huffei at pH S 4 
and ionic stiength of 0 1 and then dialvzcd against 2 0 litem of the same buffei 
foi Iwentv foul hauls in a cold looni The scanning teeliniqiie and the method 
of lesolutioii of Longswoitli'” were used 

Ohcmicnl ami Bwlogic Chat actcnsUcs of the Hydrolysate Used — The 
characteiistics of the casein hvdioljsate used in these studies wcic determined 
heeaase a piotein oi piotem hjdi-olvsate would be c\peeted to regeiieiate plasma 
piotein onlv if it contains the essential imino acids in adequate pioportions 
as evidenced bv chemical analvsis and bj uhilitv to suppoit nitrogen balance 


■ioriv 


From the Division of Protein Chemistrj The Squibb Institute for Modlcil Research 
The authors are Indebted to Dr Co Tul of New lork Unhersllj Bellevue Hospital Iseu 
Dr T Spies of Hillman Ifospltal Birmingham Mn Dr U Kamer of Perth 
General iroipUil Pertli \n 1 b 03 J Dr M Smith of Nc%\ Brunswick N J and 
•Jr •iicLoughJIn of VetuclKn ^ J for the administration of Ca eln n>droJ> 3 atv Squibb 
Hccclved for publication Jtin 3 19-18 

*Ttie castln hjdr ijsatc wqh RUpilkd to us bv C R Squibb &. Sons \cw lork Jy \ 
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CHOW AND DCBIASF 


and to piomotL gionth of \oung animals at a loi\ total dosage The essential 
amino aeid content of the hi di oh sale is giien in Table I The stiepogemu 
content, the nitiogen balance index as obseiied in dogs and the groiifh efficient 
obtained in lats aie giicn in Table II 

These data denionstiate that the In di oh sate used is equal to a high grade 
of edible casein in nutiitne piopeitics, casein itself being an adequate protein 
foi most nntiitne pmposes This Men is also home out hi conipaiatne feeding 
of casein and this hsdiohsate to piotein depleted lats*’" and In its ahiliti to 
snppoit nitiogen balance in man at a le\el of 0 IS to 0 20 Gni nitiogen pet kilo- 
criam pei dar’® 


Tvbif I Anmises of the Te\ Essestiai Amiso Acids vsn Cystine ash 
Tsfosinf in a Casfin Hvi>rOMSATE 


I FP CFNT FOUND* 


\MI\0 1 

“\SIS’ BASf'; 

[ H 0 AND ASU FPEE BASIS 

Arginine t 

’ 0 

S2 

La sine t 

67 

7t 

Tri ptoplnnet 

1 1 

12 

Tlireoniuet 

4 S 

4 7 

Histidine} 

27 

2<1 

Plieni lal imne t 

46 

5 0 

Valine} 

5 0 

6 4 

iletluoninet 

2 7 

29 

Isoleucinei 

5 0 

64 

Leucine} 

87 

9 5 

Crstine? 

04 

043 

Ta roMnejj 

28 

3 0 


tion of the ammo acids 


cent 1 


•The total nitrogen cunttnt Is equal to 13 5 per cent of which 25 to 30 per 
the form of free ammo nitrogen „ „ 

J Biol Chem 3«t> I®'" 


28 


tStokcs J L Gunn^.<!■^ M Dnter I M and Cdsitcil JI 
tGie^ne R D and BI lo! V J Bloi Chem 13' 1 lO'l'l 
§Folin O, and Loone\ J M J Biol Cliom 11 ISl mSa 

LLusS J W H Biothtm J II 1423 1037 Millon AI B 
40 1804 


Comp BeP^ ^ 


Table II Coaipvbison of the Biologic Properties of Casein and thf Casein HaWOIAJ 


TESTS 


CASEIN* 


Strepogenin CLnits/Gin ) 
Xitrogen balance indea 
GroAAth efficiencA 


X T 


osot 

•The casein used uas a high grade of edible ca'iem from the Borden CompanJ 


4 5 
OSO 

o o 


SUBSTANCE T ESTED 

■ eVSLIN 

4 5t 


Neff ' 


tWoollPA D W J Biol Chem 162 383 194G 

tAIIison, J A J Nutrition 29 413 1945 eroff th 

SH e are indebted to Dr A Black of E R Squibb A Sons for making the gr 

tests 


RESULTS 2 

The deteimination of the abiliti of casein hjdiohsate to re 

piotein legeneiation and the estimation ot the tipe of plasma pr 
geneiated iteie made hi feeding expeiiments iilieiein the casein hi lo ' jjjit 
admmisteied to tiio gioups of hi-popiotememic patients, a total of tRC 
suboects Dextimialtose A\as giien so that the daily energy intake ot 
yas at least 3,000 ealoiies The plasma piotein concentiation and e ec lo ^ 

•The authors are indebted to Dr Paul R Cannon and associates for tlie deterin 
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anahses Yei-e peifoiined on samples ot plasma tnl en befoie mcl aftei t^^o to foui 
>\eekb of admiinstiation The pitients in Gioup I as a ^holc Ycre Inpopio 
teinemic* and not h-vpoalbnminemic, and the albumin globulin ntios ygig essen 
tialh noimal Theiefoie in oidci to stud'\ the efteet of casein Indiohsate 
feeding then total eiiculatmg phsmn pioteins ^\ele detcimined before and 
aftei the hjdiohsate feeding peiiod The patients in Group II YCie not onh 
h\popi*oteinemic but also maikedh h\ponlbuminemic The albumin globulin 
latio of the plasma -was eonsidenbh hclou noimal in all patients Hence the 
inciease of albumin content following the ndministi ition of cabein hvdiohsatc 
was niaiked The othei components of the plasma piotein weie also detcimined 
befoie and aftei the Indiohsate thelap^ 

Group I The Increase of loial Cuculating Pioteins FoUoiiinr/ the Oial 
Idaumsfrnfion of Casein Bydiohjsaic to Ilypopiotcmemic Patients — Cisem 
hjdioljsate was fed to thiec patients after ho^nlotom^ at a low le\el of nitiogcn 
intake (0 2 Gm nitrogen pei kilogiam bod\ weight pei da^ ) foi about two 
weeks (Table III ) These patients though in nitiogen equihbiaiim, were 
unable to increase then eiieulating plasma pititein Two othei patients nllci 
hcmiotom-\ weie fed at a rnodeiatc le\cl of nitrogen intal e (0 5 and 0 6 Gm 
nitrogen pci kilogiam bod^ weight pei da% ) A pionounccd incicisc of plasma 
proteins was obsei\cd in liotli patients Subsequent studies used a high dosage 
level langmg fiom 0 6 to 1 0 Gm nitrogen pci kilogrnn boch weight per dnv 
lor penods langing from ten davs to seven weeks 

Total ciiculatiiig pioteins of fifteen patients chnracteiizcd b\ diffeient 
tvpes of disease weie deteimined befoie and aftei hvdiolj'sate feeding (Tabic 
IV) An ineiease of at least 15 per cent in plasma protein was obtained in ton 
of the fifteen patients An incieasc of somewhat moie than 10 pei cent the limit 
of accuraev of the estimation was obsened in the icmaining five Tins incicase 
involved both albumin and globulin fi actions in all subjects but one Patient 
An J Hjdrohsate feeding did not pioducc anv consistent oi significant changes 
in the per cent of anj particulai globulin fractions 


TvBLE III DETErsIIVATION OF TOTAL CIRCULATING Pl*ASAr V PROTEINS OF PATIENTS AT 
Diffirent Le\fls of Nitrogev Intake 


1 ATI ENT 

NITROOI N 
hOSAOI 

(OM /KO /1>A\) 

MTPOCEN 

CAIN 

(GM /KG /1>\V ) 

MWS OF 

Tl FVTMENT 

PFR CFNT GAIN 
( + ) OR LOSS ( ) 
OF TOTAI rircu 

I \TING PPOTCIN 

A/G“ 

La 

02 

00 

12 

10 

1 08 

Ka 

02 

0 06 

13 

o 

1 13 

Ma 

02 

-0 02 

14 

- 4 

- _ 

Si 

0 5 

+013 

IS 

+10 

144 

Be 

0 6 

+0- 

7 

+ 1S 

I 04 


Ratio of albumin to globulin before treatment ns determined bj tlie Immunologic method 


Group II Changes of Plasma Patterns lolloiiing the Administration of 
Casein Hydrolysate to Ilypopioieincmic and Hypoalhuniincmic Patients — 
Pleven patients with albumin ranging from 20 to 43 pci cent of the total plasma 
weie fed with hvdrohsate at an intake of 0 6 to 1 0 Cm nitiogcn per 

•The term lijpoprotelnomia Is used here to mean abnormalU Io\r In total circulating pro 
itins Which take^ into account not onlj plasma protein concentration but also plasma \olumc 
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CHO^^ AND DI BIVSr 


TaBIF IV PlASltV PrOTFlN Rfgfnfpvtion of Patifnts Pomoamno C\sfi\ 
HMJFOMSATF AintIMSTItVTION 


P\TIFNT 

DA'VS OF 

TFEAT 

MFNT 

PLASM V 1 

PPOTFIN 

(cm /1 00 All \ ' 

PI ASMA 1 

A OIL Ml I 

(Ml ) ! 

TCI 

TCV 

1 

ace 1 

DIAGNOSIS 

St 

0 

5 81 

3592 

209 

100 

109 

Peptic nicer 


10 

6 58 

3745 

241) 

123 

123 




Ch inge of pi tsin i iiroteni 

+ 37 

+23 

xl4 


G1 

0 

5 71 

2905 

]()9 

93 

70 

M ilnutritinn 


15 

G21 

3200 

2on 

no 

S4 




Ch uigc of plasma piotein 

+31 

4-23 

+ 3 


An G 

0 

5 SI 

3410 

19S 

139 

59 

Muscular 


15 

7 50 

5500 

41 1 

250 

157 

distropliT 



1 hinge of p! isma piotoiii 

+215 

+117 

+98" 


Si 

0 

7 13 

3555 

253 

149 

104 

Gastric ukcr 


17 

0 GO 

4715 

311 

180 

131 




< h inge of plasm i jiroleiii 

+5S 

Til 

+27 



Go 

Ml 

Di 

Ht 

Su 

Ve 

He 

\n J 

Ho 

Harr 

Cn 

TCP 

globulin 


(t r, C3 2410 

21 7 25 !050 

Oil iiigt of plasm i protein 

0 5 10 2740 

21 0 IS 4140 

( li iii 4 f o1 pi \!?m i protein 

0 •) ir. 3050 

25 7 01 3432 

( Iniini ot pi ism i pi olein 

0 5(i4 2S71 

37 7 17 3073 

< li uif,t of pi isni i protein 

0 (i 02 3042 

43 b 01 3S40 

( li nigc of pi isiii i protein 

0 5 40 2030 
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Cliaiige of plasm i protein 
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21 7 38 3325 

Cli inge of pi isma protein 

0 7 50 3250 
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Cli inge of pi ism i protein 

0 6 20 2829 

22 6 02 3201 

Change of pi ism i protein 

0 7 04 2138 

30 7 00 2570 

Change of plasmn pioteiii 

Total circulating protein TCA total 
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kilogram bodi weight pel dai The patients in this senes weie diiided into 
two groups Subgroup A sin subjects lesponded to the hidioljsate theiapi 
and subgioup B fii e subjects failed to respond to the eusein he drolj sate feeding 
the latter were all in the terminal stages ot their diseases 

Suigioup A The lesults gieen in Table V denioiistrito that administration 
of this hediolvsate brought ibout a lapid nieiease in plasma protein conceii 
tration or in plasma eoliime in all patients but one (Patient Lo ) The plasma 
eolume of Patient Eg was not determined tlieicfoie its change if ane is not 
known The albumin content ui teims of gram pel cent was increased in all 
cases As would be espected the increase was most marked where liipo 
albuniinemia and lijpopioteniemia wcie most seieie that is where albumin 
globulin latio and plasma piotein concentiation weie the lowest 

The response of Patient Lo to the Indrohsate theiapj is of paiticiilar in 
terest because there was neitliei uiciease in piotcm concentration noi in plasma 
lolume aftei sixti eight dais of the hidiolisate thei-api Neieitheless tlieie 
was a veij significant inciease in albumin globulin ratio The incieasc in 
albumin therefore was made at the expense of the globulins 

Suigfoup B Foui hiTioalbummemic patients with albumin content of 30 
pci cent 01 less were fed with casein hjdiolj sates at a lei el of as much as 0 6 
Gm nitiogen pei kilogiam bodi weight pei dai for about two weeks or longei 
During this poiiod the patients were in positiie nitrogen balance and letained 
as much as 0 4 Gm nitiogen pei kilogi im bodi weight per daj Howeier in 
spite of the laige nitiogen retention the pattern of the plasma pioteins of these 
patients failed to approach normal (Table VI ) The albumin globulin latio 
lemamed low and there was no significant change in the total cii dilating albumin 
or globulins No one of these four patients who did not lespond to the theiapi 
sunned foi anj great length of time following these obsenations The results 
mai indicate that dining the adianced stages of (citain diseases patients mai 
be unable to utilize an othciwase adequate miNture of ammo acids and poll 
peptides for the siaithesis of plasma jiroteins 

DISCOSSIOL 

The patients used in this studi leacted much the same as do expciiraental 
aniniaLs to gradual piotein depletion Gonsequentlj lesiilts aie consistent 
with the belief that of the sisteinic manifestations of dnerse diseases the ab 
uonnnlities obsened in the pattein of the plasma pioteins and in then amount 
are m part the lesults ot a geneial protein dcficiencj 

A casein In di oh sate which contains all the essential ammo acids and high 
biologic 1 allies as deteianined in laboratoii animals and in man was admmisteied 
lo patients to collect the abiioiaiial pi isma patterns The patients used con 
stituted a rather hetei-ogciieous gioiip Thei were chai’actcnzed bi difteiciit 
degrees of lijpopioteineniia and In diffeient tapes of disease, in addition the 
peiiod of Indrohsate theiapi was not alwais unitonn Howeia in spite of 
these laiiations the lesults are siifficienth striking to indicate that in genei il 
the administiatioii of a suitable casein Indiohsate at a siifficienth high leiel 
to hi-poalbuniineniic patients results initialh in a rapid inciease in plasma 
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albiimni content Such a lesult is not to be expected ui the teimmai phases 
of ceitain diseases When the ht poalbummeinia is not seveie, the feeding of 
casein hydiohsate pioduees an iiiciease of both plasma albumin and of plasnu 
globulin This effect on the globulin fi actions mat hate special significance k 
cause of the possible lelatiouship of cei tain globulins and ceitani of tk so- 
called Mtal functions of the bodv lelated to tlie synthesis of ceitam of thelior 
mones, the enz^Tues and the antibodies 

The failiue of some patients to legeneiate either albumin oi globulins 
following casein Indiohsate tJieiapt in spite of positive intiogen balance is 
of inteiest This tact is in line with othei infoimation which indicates tkf 
plasma pioteius aie not as leadih siTithesized as some othei tissue pioteins 

SU51XIAKX 

Casein htdiolvsate has been gneii to twentt -eight liypopiotememic and 
htpoalbuniincimc patients with a laiieti ot diseases It piomotcs the rcgeners 
tioii of both the plasma albumin and glolmlm fiactions In sl\ cases of scicre 
hj poalbviminemia, the alhunim deficiency was collected rapidly Fwe kyo 
albuminemic patients at the teiimiial stages of their diseases weie able to uhke 
the hi droll sate to maintain a positive nitiogcn balance hut not to regeneiate 
plasma pioteuis 

These lesults aie consistent with the belief that diveise medical and suigita! 
conditions aie cliaiarteuzed hi vaijmg degioes of piotein depletion which can k 
eoneeted bv laigc amounts of casein hi diok sate 
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STLDIBS ON THE JdlMMUH PROTEIN REQEIREMENT.S OF 

ADULT DOGS 

C F Waxg, H B Ch B , A Lapi, JI D \\d D JI Heostfd, Ph D 

Bostox !Mass 


T he piotem icquuements oi adult animals including man have been iniesti 
gated almost exclnsneh In nitiogcn balance studies This is a reasonable 
method since onli the losses thiough the skin and those in\ol\ed in the giowtli 
of hail and skin aie not taken into account These aie undouhtedU small 
Hoiieiei, little iiork has been dnected toiiaid the deteimination of the piopcr 
conditions nndei uhich the studies should be made It is known that when an 
animal is fed a low piotein diet the iinnaij nitiogen falls lapidlv dunngthe 
fii-st few dais and continues to tall foi a consideiable peiiod, but at a deereasms 
late It seems obi lous that the amount of pi otem leqiiired to balance these losses 
will depend upon the time the studies aie made, oi the degiee of mtrogei] de 
pletion of the subiect 

The fundamental studies of Tei ionic and co-workers,’ ^ Sorg-Matter,^ Ash 
woith and Biodi,* and Bmuts’ haie shown that eientualh the nitrogen eiere 
tion reaches a minim run which is eloseh eon elated ivith the basal metaholism 
ot the subject This minimum mai be cousideied the endogenous lei el of nitro 
gen metabolism, and coiiesponcLs to 1 4 to 2 0 mg of nitiogen per basal calone 
Since this appears to be minimum nitiogen e\cietion, it is leasonabli certain 
that the minimum nitiogen lequnoment cannot bo below these leiels For an 
individual with a basal metabolism of 1,300 caloiies pei dai, the mimnnini dail' 
piotem lequiiement would thus be between 13 and 19 Gm , assuming complete 
utilization IMost pioteins aic of coinse not completeli utilized and themmiinuni 
leqmrements aie abose these leiels The amount abose niav be calculated from 
a consideiation ot the degieo of dniestibilitj and the biologic salue of the protein 
fed The lecent studies of Biiekei, Alitehell, and Kinsman® and Hegste 
Tsongas Abbott, and Stare indicate that the piotem lequiiement of human 
adults IS m this lange, that is, endogenous lequiiement plus collections fo'’ 
digestibility and biologic salue, and base viekled minimum lalues considera)’' 


below the pieMOush accepted figuies 

Howesei, it must be iceogmzed that although nitiogen balance is an ap- 
paienth adequate ciitenon ot whetliei an animal is being maintained with re 
gard to nitiogen, it tells nothing of the condition of the animal thus being mam 
tamed It is not impossible that continued maintenance of an animal m n 
pleted state ma^ lead to seiious consequences Piom the studies of 
associates* it would appeal that animals depleted to endogenous 
nitiogen excretion would have seceiely depleted livers, and Elman an 
woikei-s” haie showm that plasma piotem leiels begin to fall soon after 
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UrtEij Feoii Normal Experimental Dogs 
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chloroform extric! iblo omtenal wi dried 'ind weighed Tlie chohne con 
Pvtra'i'*^ deterunaed from mother niuplc ifter grinding with nnlAdrou*? sodium sulfate md 
wa With nietlianol bj a modificitiou of the remeckate method is 
9 iver pumples for gljcogen deteriuioatiou were inmiedntel) heed and dropped mto 
^no'rn ueiglit containing a known imount of 30 per cent potassium hydrox 
le jijeogin content was determmtd the method of Good Kramer and Somogji JO 
111 f *? ^ luers were tnktn at random from an\ lobe and fixed 

alcohol picnc acid solution of Ro smnn and Zenker metic fii.ati\e 
fonn T P‘’‘P2J'cd bj the parathn or telJoidm methods md t irntd with hematoxylin and 
™etlivleno blm. and bj the Best tarminc method for gKcogeu h rozen sections 
t-nneil with Sudan XV 


RESULTS 

balance body weight nitiogtii and ealoues 
'Wi ^onstUnents, and bodx fluids ne piesiutcd in higs 1 to 6 All 

inoteiu at eoinpaiable lei-cls foi thiit^ daxs attei the depletion 
'ludinT changes m dictm le^iinie indicated in the illustiations 

^ able I ^veie made The icsults on egg piotein will he discussed first 

«iid Body ircig/if —Nitiogen excietioii studies weie be 
>be un Tecon ed the nitrogen fiec diet foi ten da-s s At tins timt, 

of “fii'ogeii was clearly not at miiumuin lc^ cIs since with the exception 

“ ^ ^ 'tniinals showed a stepwise leduction in nitrogen excretion in 
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subsequent peiiods It is ot inteiest that they showed tins diop in mtiogene’f 
cietion e\en though egg piotein was added to the diet This lesult is in ague- 
ment uith those ot MiUei,-'^ Biush and co-woikeis,^‘ and Allison and associates ’ 
As has been discussed by tliese autliois, this gives to egg piotein a biologic lalue 
abose 100 It is piesuiued tliat the animals yould have leached this Io\i 
level ot nitiogen exeietion eventually if continued on the nitiogen-iiee diet 
ilost ot the dogs went into a slight positive balance eventually IMeamvlule the 
bodv y eight incieased slightly It uas the mam pin pose of the experiment to 
studv the phvsiologic changes dining this peiiod 

Pidbma Volume and Plasma Piotems — Piioi to depletion, the tiguies ob- 
tained toi plasma volume, 41 2 to 60 7 ce pei kilogiam, total plasma pioteiDS 
6 3 to 8 28 pu tent, and total cnculating plasma piotein, 2 6 to 40 Gm pei 


TPP 

(%) 



NITROGEN 


free!— 




loljin 


Pig 1 — This figure summarizes the data obtained on 1 J ner cent 1 

‘-i ALB rj percentage of albumin in plasma 

BWT bod^ weigl.t m kilograms AF latlo of available fluid to plasma 

nitrogen Intake giams per da5 N OUT total nitrogen oP‘P\'A/P^„nfimeTers*^T C P 
ni^ogen and F fecal nitrogen PV'' cc. plasma volume m fP^lviflating albumin jf f 
m Pl'vsma protein in grams T VLB nl'aflable 1lui<l loluine ' 

T C H B Gm total circulating hemoglobin In grams -V F c c at afla 

centimeters CAL, calorie intake per day nitnS®" 

Curing nth tteek tube feeding (TUBF) ttas resorted to to malnta 

intaK6 and partial caloric intake 



2. — Data obtaSn<^ on Dog^ 2 Fig 1 for mt^rpretati n. 

are normal when compared with those reported in the literature ’ * 

period all ot these decreased somewhat This is ol con 
interest since it indicatc*s that there ls a tall in plasma proteins heroic 
1 nitrogen excretion is reached, ^ hen cgi, protein was added to the 

01 the dogs with the possible exception of Dog -1 shelved a ravorable 
fi plasma protein In most dogs this was shown b\ an increase in 

In ^ while the percentage of protein remained essentially, constant 

^ ^ concentration increa^-ed somewhat with less marked or no 

^ pla.-nna yolome The significance ot the two tvpea ot response is not 


penods the level of protein uas apparentlv sufficient 
jf a plasma volume and protein concentration There is no evidence 

fall indicating further protein depletion Raising the level or 
^ ^ ha\e caused a slight response 

lli^ *L ^ control ley el or total plasma protein had been reached be 
'-iled The last observation on this dog is probablv com 

Uini^. ' failure to maintain a maximuni calorie intake The same is cer 

true for Dog L 
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the denlptil^n Almost all oi the clogs showed some loss ot hemoglobin during 

Do" 6 Mhuh ’ exception of 

studs theiP 1 -.^'++/^ ipativeh stiong negative nitiogen balance tliioiigliout the 
piotem s\as fed evidence ot a piogiessiveh^ developing anemia after egg 

clnnirpi. n^r,o 11 concentration of hemoglobin showed niaiked 

m sX'oX ? , The total crculahas h.a,..*b» 

in studipa nt n t ^ ealenlated tigme, appeal’s to be niuclt mote useful 

hemoo-lobiii r osaluatmg the nutritional status The fact that the 

solunm IS elianges sveie chiefly the result ot the changes in blood 

hemo"lobni Ip/ figures, and the constancy of the total ciiculating 
1 considerable support to the correctness, at least lelatneh.of 
our tigui'es tor plasma rolume 

deter mmed^In —Unfortunately, ayailable fluid volumes weienot 

bee^ eomnbr^t T i the last values obtained maj bare 

anrthmv d JZ after the depletion peno 

t nln tS t 1 nitrogen regime the available fluid lohmie laried 

om 1J8 to -3 (and the plasma xolrmre fiom 33 5 to 55 4 c c pei kilogram ot 
body neight The ratio of available fluid to plasma volume vaned fiom 38 to 
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Fie ^ Data obtained on Doer J Seo Fig l for Interpretation 

h 1 and 6 hIucIi A\eie in the strongest negative 

do showed tlic highest latios 6 4 to 6 S The ^alues foi the other 

^vailaW^V^^ ^^orinal range ^ ® The si^nifiednce of latei \ allies foi 

"fhisle^t piobleiiidtical because of the failure of appetite in thiee dogs 

hic be*^ ^ recening tog protein (at 20 pei cent highei level than at 

"^heie appealed to be i steady incicase in aiailable fluid volume 
Jialancc'^ plasma \oliiine uas constant The dog uas m slight positne 

Pfobabl ^ ^ ^oii-‘>ideiablc peiiod of negati\e balance Ne\eitheless this 

inDoirg a continuing tendeiic\ toward edema The opposite tiend 

^^lien nitiogen balance impiovcd 
^^^PPlc»iciitatioH — Jrethiomixe was added to the diet of two 
protein repoits that tins ammo acid is effectne in consei\ing bodj 

so that the 1 ^ ic'iponded as e\pected The uiinai^ nitrogen fell maikedh 

thoi 1 T lialance and this was maintained in the following peiiod 

the stu/ piotein was deeieased below that used duriii^, most 

''^tJUa.se ^ response in the ciieiilatmg piotems was accompanied b^ an 
^eatent m'^ P asnia \oIume Both the total hemoglobin and the hemoglobin 
oreased Tlie ratio of available fluid to plasma volume fell In Dog 2 
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^ "-Data obtained on Do^ 6 See f , 

° 1 for interpretation 

fhe Iiitiogen balance becamp mr., 

and plasma volume aie sio-mfioo, ® the changes in plasma piotems 

ot ai ailable fluid to pldMim x ni ’ to those of Dog 6 The latio 

fluid It should be noted th it niaintanied by a slight diop in available 

fleie ivas, houeiei, as in Doo- P’os 2 was much lowei than in Dog 6 

total hemoglobin -i a tavoiable lesponse in hemoglohiii leielaiid 

It has been lepoited that tl 

'’Cteie nitiogen depletion =“ Tl *®^PODse to methionine is less niaihed attei 

Piotein indicate that Doo' fl w i “itiogen balance and total cnciilatm? 

hettei lesponse m Don- 6 . moie seveielj^ depleted Thus the 

pievioiish shomi a diop m expectation Howeiei, Dog 2 had 

egg piotcin, while Doo- fi ^^^Hogen to the endogenous level when gne» 

plain the difteience iirtlie t” t>tiong negative balance This may e\ 

leason toi tiie laiUup of methionine was given, but the 

unexplained ^ ^^^poncl pieviously to egg* pioteiii lemaJiJs 

ftiseia SuiJijlemenfation —Doo 4. « , 

supplying 2 Gm ot nitiogei ^ i datively high level ot lawin 

stiong positive balancp nl sufficient to thiou the clog m 

Comeident with this response, all of the values for 
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pioteiiis, plasma volume, hemoglobin and available fluid increased The 
^’atio AP/PV lemamed constant between 5 and G It ma> be worth while to call 
attention to the changes in total cnculatiiig protein and plasma volume since 
of lesponse was also obseived in some of the dogs when thev leceued 
^OD pi'oteiii pievioush Tlieie appealed to be an nicieasc in tot il piotein as the 
PUmai; ivsponse, and tlie changes in plasnn volume followed this In the ne\t 
PGnod the plasma piotein appaientlj icdistiibuted itself to bodv tissues The 
^tal protein fell somewhat togethei with the plasma volume but not in pi-opoi 
ion since the concentidtion ot inotem icmaiued sli^hth highci than pievioiislv 
dimZyscs— The results for moisture fat obeogen and choline aie 
o^wi in Table I The results obtained on the five supposudlv normal dogs in 
^ ^^'0 which had been given the puiified diet containing 30 pei cent skim 
Powdei for thutj dajs befoie thev weie killed aie also piescnted All 
7^"’^ had luei-s of noimal fat and vvatei content^'’ The ghoogen and 
“I ine varied gieatlj Tiie loss of pioteiii of livei has been recognized as an 
fasting 01 piotein deficiency”’® Tvosteilitz and Campbell 
“Id that tlic losses ni protein, phospiiolipm and nucleic acid dunng fasting 
“a protein defieiencv lepiesent a loss of Iivei evtoplasm Tliey found tint 
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this loss ot livei cytoplasm could be expiessed by a cuive containing an ex 
ponential and hneai component The Imeai deeiease is thought to be a measure 
of endogenous metabolism, while the exponential deeiease is piobably due (o 
loss ot labile liver c\ toplasm These data suggest that the deteinunation of Iner 
nitiogen max be a simple and aceuiate index in expeiinieiital annuals of the 
nutiitional status intli legaid to pioteiii In Table I the nitiogen content of the 
Ineis has been expiessed in several wars If the nitiogen pei giam of uou 
glxeogen nonfat lixei solids is plotted against the axeiage nitiogen intake of tht 



AV. N INTAK MG/KGBWT/DAY 
DURING 50 DAYS 

Fig 7 — Diagram sho^Mng the relation between the a\ erase total 

per kilogram of bodj weight per dai during the experimental i.^er 

nitrogen expressed as milligrams of nitrogen per gram of nonglvcogen noniipm 


dog diuing the entiie studx (including the supplements at the en » 
exptument), theie appeals to be piactieallv a stiaight-lnie lelatioi's 
thiee of the animals (Fig 7) The two which tall aboxe the line aie tliosej^ 
leceixed methiomne supplements These lesults agiee mth those 
poited bx Binsh and co-x\oikeis-^ and indicate a sliitt ot piotein 
' i\ei It IS inteiesting that this happened m Dog 2 although theie iv< 
ipaient mipioxement in nitiogen balance , ^ git 

The lixei mtiogen contents pei kilogiain ot bodj veight of i, 

'paied With xaiious xalues taken tioni the liteiatiue in ^ i jjj,nials 
irent that on this basis om animals aie consideiablj beloxx x\el - e 
luebaboxe sexeielx depleted animals 
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Table IL ErrECT or Diet Upon tub Nitiiooen Content or Dog Livees 


soiacE 

Grufldi* 


DOG NO 

G 


■k 


[ &IETVRY CONDITION b I 

1 33 3 66 Gm N per kg bodj weight por 
(laj for 20 or 35 days 

Fasting for 13 19 da>6 


Pngliese^ 


Authors 4 


o 

3 


Xomi'il 

Fasting for 20 24 dajs 

2o0 300 cc. of milk gnen dail} for 4 days 

after 28 30 days* fast 

2 mg N ptr basal caloric from egg protein 
for 40 or 50 <la\‘i following 2 3 ueelcs 
on nitrogen free diet 

bamo oa Dog 4, plus mctlnomne for 10 da^8 
N’ormal, high protein diet for 30 40 diijs 
Normal dog chow and hor e meat 


a\er,vge u\eh 

lITrOGCN 
(GM /KG BOD\ 
WLIGUT) 

1 06 

0 57 
0 91 
0 60 

OSl 
0 72 


075 
1 lo 
0S9 


Pathology — 

Groi! Eveept for a daik blue gi ecu color impaited In the 1 > tun 
blue dje to the luer, no striking changes neie noted \11 Iners neie 
^ciooth and the capsules glistened The bordei’K ^^elc bhaiji Mthou^h i 
tile In ers were firm, there was no mcicase lu lesistancc to section Tlie wcu Us 
of all Iners are recorded and compaied with bod^ wti^lit in Table I The ot iti 
oijaiis showed no signiflouit cliaiigos The Ineis of tlie five iioniial dogs alsu 
Reived no significant oliange 

1/icroscopic The changes found lu tin Inns of cNperunental animals 2 
3 4, 6, and 7 diffeiTd onlj quantitatnclj, i >1 'll and ncro similar to those 
^tsenbed bi Elman and Hoifitz’“ in dogs on i ’ " 'hfieicnt diets 

There was marked swellino of hvei cells i I i < ‘ d membiaie was we 
<l«fined and mtenselj stained So CNtensnc « i' '■ ' * ^ '/* 

•he simisoids were largely obliterated Most suil iiu ul all changes was tne 
uwtked rarefaction of cytoplasm which was repu iiitid In i few eosmopuie 
?raaules of the cjtoplasm identified as nhonuchn acid In nnous tec iniques 

(lee renew by Gieenstem^*) , 

Thelnei cell nuclei were unifoimly small, c ninl "id louiid or oia 'i'll i 
“ leant amount of fine, evenly dispcmd duom itm matend and prominent, 

e ten multiple nucleoli In many instances binu< Ic itcd cells wcie seen an m 
"ne animal (Dog i) mans of the nuclei were hype icluomatic 

In most hveis, the Kuplfer cells were luiusualh l"ominent because ot 
eaame dark chromatin granules in then nuclei and fine blown pigment granu es 
"'me cjtoplasm 


I Ullb » VVN- 


he changes lu hvei cells desenbed affected the eiitiie parenchjr 
Ci seierc in the poital areas In some of the cential aicas there was more 
'nse staining and a few identifiable sinusoids indicating less larefaction o 
t'ofcm and less swelling of the cells , 

e hici’s of all e\penmental animals stained luteiiselv foi gljcogen an 
of It 'I’slmguigliable, one from anothei on this has'® ^ 

e control dogs fed on a high protein diet showed an) appreciable amoun o 
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glycogen b> histocheraical e\ammation and even in tins instance the amount was 
estimated to be less than half that found in the experimental animals It ap 
peaied to be equally distiibuted between the poital and eential aieas, lutli 
consideiablj less piesent in the mid-zonal legion In the five iioinial dogs 
examined, only occasional patchy aieas of glycogen were eneounteied The tluce 
of these dogs which xeceived chow and meat had been fasted sixteen to twenty 
houis, but the two leeeiving the high piotein diet weie killed at the same intenal 
aftei feeding as the expei iniental animals The significance of tins apparent 
meiease in Inei glycogen in piotein-depleted dogs is unknown 

Although stainable fat was piesent m appieciable quantities m the cyto- 
plasm of the cells of the bile duct epithelium m the liveis ot all expeiuneiital 
animals, and to a lessei extent in the contiol and stock animals, none was found 
111 the livei paienchjma of any animal It may be concluded that the eliolme 
piovided in the diet and the methionine fed as such oi as piotem was sufficient 
to pi event the de\ eloppient of fatty hveis The moiphologie changes described 
as occuiiing in the Ineis of the expeiimental Dogs 2, 3, 4, 6, and 7 aie piobablj 
yvliolly the lesalt oi piotein deficiency The accumulation of fat in theliveisol 
protein deficient dogs clesci ibed by Elman & Heifitz”® may be due m part to 
choline deficiency' 

Appehte — Of the six dogs started in this study, thiee showed iiiaikd 
failuie of appetite toyyaid the end of the study This undoubtedly lias lia 
some effect upon the analjdic values obtained, although it is not evident wliat 
this effect may be Theie is also no eeitainty that the failiiie of appetite is 
specifically cine to piotein deficiency, although yve considei this a likely possi 
bility The nitiogen intake of the dogs was maintained by tube feeding during 
this penocl, but it yy as impossible to maintain the calorie intake 


DISCUSSION 

We haye attempted to evaluate the adequacy of a piotem level thouglit to be 

neai a theoietieal minimum, yvhieh yyould coi respond to about 20 Gro w 

aveiage human adult Numeious questions still lemam unansiveied an 

For 10' 


study IS being continued, but the piesent results aie instinctive ^ 

leasons discussed in the intioduetion, the animals yveie paitially dep e e 
piotem pi 101 to being giymn the low level of protein During this , 
peiiod the data shoyv that from 96 to 230 Gni oi body piotem yvere lost 
yvas accompanied bv a loss of 9 5 to 13 5 Gm of circulating plasma piotem 
peieentage of plasma piotem was also deci eased slightly, hut, ivithoiit p 
knoyvledge of the plasma levels, would be considei ed to be m the noinia 
These changes oeeutied hefoie a mimmum level of unnary nittoyen exo 
ivas ) cached In om opinion the data on uimaiy nitiogen exeietiou an P 
pioteins alone yvould not he consideied indicative of severe piotem eP 
Dining the next foin to six yyeeks yvhen egg piotein yvas fed, all o 
anah tic data indicate that the animals yvere maintained m tins condition 
geueial aveiage indicates that nitrogen balance was achieved, and 
constituents ineasuied shoyv no consistent deteiioiatioii The changes 
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l/ie period on egg [iiotem aie suimiiaiizcd in Tiiiie III Iloneiei, ne inteipret 
the microscopic fiiicliiigs, spelling of the Iiici cells iiitli iiniled laiefaetion 
01 the cvtoplasiii as indicating lelatuelj sevcie Inei depletion Since the 
animals appealed to ha\e liceii nniutained, this degiec of depletion ms piobabh 
achicicd duniig the pciiod on the nitiogcn flee diet lathci than while the egg 
protein was being fed It is impossible to state how seieie tins depletion was 
or iiow serious the consequences weie ioi the animal but tlie Ineis of tliese 
animals could not be consideied noimal Thus we conclude that the animals 
irhioh had not been depleted to an endogenous oi minimum leiel of intiogen 
ewretion were iicieitlieless too seicielj depleted to be considered iioimal and 
that this base line is too soicie to be used foi studies winch aie to be iiitei preted 
in terms of iioimal animals It seems fuitlici appiient that a baieH detectable 
loss of plasma protein has lefleetod leiafneia sccere Jnci depletion and that 
plasma piotem determinations aie insufficieiith scnsitue to maluate such 
changes 


Table III Avalstic Data Obtaised at tub Em> of the Dbplbt:o\ Pbiuop Coaipirep ttini 
TOE Values Arrcr Vri hqmm atei \ Four V'eei s on the Diet Contaimvo 
2 Mo Nitrogen Per Basai Caiorie 


DOQ 

PV 

(cc) 

P P 

[QJt %) 

T C \ 
(OM ) 

AID 

(%) 

1 TCA 

1 (CM ) 

HB 

(%) 

HC 

(%) 

I T c n 

1 (CM ) 

R\ 

(C c ) 

D WT 
(SO ) 

1 A 

4a0 

5 74 

25 9 

2 70 

124 

23 5 

30 8 

101 

747 

13 4 

B 

4S0 

0 05 

29 0 

(2Ga) 

(12 7) 

13 0 

3S4 

101 

770 

14 3 

A 

4,6 

7 02 

33 4 

3 00 

172 

12 4 

36 6 

93 

750 

134 


690 

0 77 

40 7 

(3 00) 

(20 7) 

10 9 

321 

no 

1016 

14 0 

3 A 

B 

o04 

5 70 

29 0 

(2 20) 

(11 1) 

14 2 

41 8 

123 

S67 

12 7 

f70 

5 70 

44 7 

3 10 

24 1 

12 C 

372 

H5 

123 > 

14 2 

i A 

B 

496 

5 70 

28 7 

(2 30) 

(11 4) 

12 8 

37 2 

101 

789 

131 

514 

5 67 

29 1 

(2 10) 

(10 8) 

13 4 

39 2 

112 

84j 

14 8 

6 V 

B 

380 

5 70 

20 7 

^ a*? 

12 3 

18 1 

o3 4 

131 

771 

100 

3/U 

50/ 

21 1 

2 30 

So 

loO 

44 1 

101 

667 

11 0 

/ A 

B 

eiate 
all dogs 

300 

5 /O 

17 2 

3a3 

10 6 

lo5 

4o 7 

86 

552 

6 5 

314 

5 58 

17 7 

(2 20) 

(0 0) 

14 0 

41 3 

7j 

b3j 

70 

A 

_ B 

43] 

j 9/ 

2o8 

-96 

12 S 

14 4 

42 4 

lOo 

746 

115 

5..4 

5 92 

314 

2 56 

13 4 

13 1 

38 8 

109 

846 

22 6 


tutnln^ TC PC' Dla^m 

“lAOns hemcBl^ffi' '''ru'RHnu amumln 
I blood volume. 

The nil' B thlrtj das a on 

*”(1 after estimaUd 


plasma protein TCP total circulating proteins Alb al 
1 — ... hetnoelobln He liematocnt TCH total clr 

....nj protein 

are estJmatt-d from determinations obtained a few dajs befor 


'luou ^ appetite failed m most of these animals is a seiious consc 

f 1 rule out possible deficiencies of otiici dietai\ factois as the 

tied ° ^ ^ niaintaiuod upon a siindai diet containing; piu i 

Peuods It is not impossible that the low piotein diets maj 
fctl T requiienient foi othei nutrients but until this is shonn ne 

of ippctito is a svmptom of protein deflciencs 
been obsened in othei studies on dogs to sueJi an e\tcnt as to iireeJiide 
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intake itself may be detrimental in thTl 

oo„s.de.aWe ,v„ k on ' ^^., 0 1 ^ 1.3 T" '“‘'“'’“'7 
fiom woik dm mo- tli. .!cf , Howevei, we have the inipiession 

lat aie hmrllv “ ^ i ^ se%eial yeais on low piotein diets that the dog and 

of piotcm dS^ienT^S "Jgaid to appetite Although the food intake 

annp 1 1 T Seldom seen a complete failuie of 

be^n seenTith^wm^T^^”^^! T^”i^ 

ma^ be the at eie y epleted animals In dogs, on the othei hand, tins 

.rLbabh mm eTT°,'V f ' I" ^aipeet tl, dag 

ledMtmn 01^0' , n' ' KeSaidless of tvhether o. net tl,: 

of mild defieienm ^ ^ eonsideied a protective nieeliaiiism the vicious cjcle 

niotem upro plasma proteins to the feeding of 

bhoitei It itpo inteivals between determinations had been 

most of tliP ^ lesponses might liave been moie uniform In 

cent of nlno 1 espouse was in plasma volume lathei than in the pei 

aDneiierl ^i° When plasma protein was increased, this geneialiv 

the mamtpnnrf ■p'^kV ^ tissues Thus the priority seems to be foi 

ciease in thp ^ volume and foi othei tissues lathei than foi an 111 

level of nmi the plasma proteins If one could detenniiie that 

auatp at wiijcji ^jjg pjag^ia levels begin to use, indicating ade- 

1 tinp mi ' limes and flow of piotem to less essential systems, this might be 
that thp lequuement Howevei, as mentioned eailiei,. it is not hkeh 

identifir tl of plasma piotems would be sufficiently sensitne to 

Identify this point v ith anj assiuance 

rnpthmnm discussioii.^^ ouc of US has pointed out that the effect of 

mtintTpn ^ piotem supplementation m lowenng the exeietion ot uiinar)' 

out ^ ^7^ lowenng of lumaiy nitiogen to endogenous levels mth 

tblf It "" t'®""'' Although It IS not clear how this is bioughl 

methioninp^ inteipietable if on a mtiogen-fiee diet the chief detiueiicv is of 
Ti^ifls; 1 appeal’s to bieak down proteins and waste other amino 

thnf ^ ^ sufficient methionine This is consistent ^nth the tact 

that metliiopine has timfet.oiis otlisr than piotem syntlicsis 

dpriiptii^^ conclusion fiom the piesent woik that the common piactice of 
'' nitiogen e\cietion levels prior to studies on nitrogen 

tmpE an justified Levels of nitiogen which appaiently maintain 

wittnn ^ nitiogen balance and also maintain plasma piotems and weight 
, , ou noimal lange ma> not be adequate, as evidenced by In'C'' 

10 ogj anc ailiue of appetite Howevei, this level of nitiogen niaj stil! 
le adequate to maintain an animal ivhicli has not been depleted, especial!' n 
methionine is supplied Studies similai to these but wthout prioi depletion 
aie needed foi the answei to this pioblem 
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SUMM IBl 

In dntemmmg mtrosea requirements, it is iceogmzid 
depletion is necessaiy if minimum reqnnements are to be detenu i 
Jestigators have coiis.dmed it desnable to deplete animals o “ — ' d 
nitrogen excretion if minimum nitiogen icquireiiieiitb aie to lie '^eteimi ed 
In tbs studj 2 mg of nitrogen (as egg piotcin) pei basal calorie 
dogs wliick Here onlj partially depleted as evidenced bi 
levels. Nitrogen balance, plasma proleni, plasma albumin and liemoglobi 
centrations, pla-sina volume, tlnoejanate space, total ciieulating p asma pro 
total circulating hemoglobin, body weight, hvci analvses and micioscopic 
mation at autopsj weie used to evaluate the adequaej of the level of protein led 
A slight fall in plasma piotem and hemoglobin (both as pei cent and as 
total circulating) was observed before minimum uitiogtn excietion was leac 
«ter tins partial depletion all of the cntcria except the last two in the foregoing 
list indicated that the animals vv ere being maintained in tins con i ion > 
level of piotem fed Chemical analyses of the liver indicated considerabl 
but not e\cessuc mtrogeu depletion Ho^\c\c^, the micioscopic evamina lou 
ot the Inei's levealed swelling of the luei cells, inaihed rare^ction o le 
cytoplasm, and loss of basophilic gi-inules (nbonucleic acid) These changes 
are considered indicative of severe nitiogen depletion Appetite a so ai e m 
most of the animals 

It IS therefore concluded that (1) tins level of nitrogen could maintain 
partiall) depleted animals insofar as tlie usual tests for Rdrogen metabolism 

(nitrogen balance, plasma protein concentration) are concerned , ^ c anmia s 

n'ere too se\eiely depleted to be consideied noiinal as evidenced hv t e pa lo ogie 
changes m the liver and the failure of appetite (3) the chemical an p usio ogic 
tests used arc either iiiappiopciate oi iiisufhcientlv sensitne to ^ 

■^eoTce of mtrogeu depletion indicated by Inei examination and ( ) ® 

^ork using nondepleted animals is lequned to determine if letaiy ni rOc 
fed at the endogenous level of nitrogen excretion will mamtaiu noima afiima s 
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^ THE CATALASE 

AND THE VALLES OBTAINED IN NORJIAL ADULTS 

Roger S Dille, H D and Charles H WvTKI^.s, M D f 
Rochester, JIinn 

L? pW Iff’ demomtiated that theie was a chaiacteiisLc enzyme m all 
P^oS f to u f”' r decomposing hydiogen 

othei tK<,iiP<i much moie catalase than do 

has been shmt, nnpoitance ot the catalase aetmtj of whole blood 

been slioun ^ n f ^ changes m health and disease have 

seemed in I f c t e enthiocyte counts, although m general there has 
The ° ^ euz-sme in the led cells in the vaiioiis anemic states 

stnd\ H ^ content ol jdasma oi seium in human beings has leeeued scant 

aetiviti ' using lelatn eh cnide methods, iound evidence of slight catalase 
the Imi x-ii Jolles and Oppenheini'^ Oppenheiniei'* stated that 

but hp difi J^ciiun piobablv weie the lesult of led cell destnictioii 

manrt nnd c eai whethei he meant in vitio oi m vivo ilievis Perl 

the rupt ^P^^unn s lowed that catalase is found in the vanous fiactions when 
the pioteins ot seium oi plasma aie fiaetionated 

111 ^ clinical method foi the deteimination of catalase activih 

obsmi "Ot l^een found in the liteiatuie Kuiokawa' piesented 

that t J'* P ^"®®d upon the oiiginal method of JoUes Restated 

thaf'mipptf 1 bad little effect on the plasma catalase activity, but 

incieased \alues ""tei, diiect hepatic tiauma, and hepatic poisons gaic 

simnlp pbf ^ de\ eloped, ioi the deteimination of catalase m plasma, a relatneh 
ce7 JlTT “ t^at aie lepioducible inthm 5 per 

to thit nt checkuig within 2 per cent This method is similar 

tor tliP em u luciple hut It has been modified to increase the sensitivit' 

bald unr f plasma The proeedme n 
based upon the deteimination oi the amount of hydiogen peiovide decomposed 

T. 1 GO a dilution of plasma undei constant conditions When 

ilution of plasma, in a solution containing 0 02N hydiogen peiovide and 

P,Lwi T 6 8 (0 006M phosphate buftei), ism 

+ tl ^ ^ empeiatuie of 22 to 23° C foi twenti minutes, the decomposdm" 
of the peiOMde in each cubic eentimetei ot the mI^tu^e is designated 1 unit o£ 
ase ac iiitj Hjdiogeii peiovide is measuied by the deteimmation of the 
amount of iodine libeiated Horn iodide (catalyzed by molybdate), eomenbmis] 
thiosulfate titiation being used j j ^ 
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M VI 1 KI \l^ VNI) bOLUTlONfa 

1 PmvJerca licimnn llio proiluct of tlio Connnu^ht I^iborutor^ uhidi coatuni'^ 
no cit units per niillit,rnm is ubtil 'llua shotilil bo IIiilU powib roil niul ti tid for iiitalnso 
activilj ^\o liiuo founil uo jiuluiitionH of tho prtHLiut of (.iilaljHo in liio o^tral lots usul 
Conccntrnfi-i] pIio«pliato luiirtr and wdiiic V 0 0t3\[ phospliato liutlor at a pH of 
ilS u prupircd ami iiiougli j»oduini ihlondc adikd to tiialu an jar uat salint mixturo 
This 13 etcnlizcd b> boding and It.pt nndtr ilcrdo lomlitioim to pniiiit mold t,routh 
maj Into catalaso actuit} 

3 Suporoxol 

4 V OG’N hjdroecn peroxido bulltr and nalmo solution IIih i** niado b> adihnj, 
about 0(1 cc of suporoxol to '50 l c of llio loiih niraltd bulHr ainu nnvturo ami diluting 
to 500 cubic ctntimottrit Iiii mbic tinlnncltri of Ibo n ultinj, niixturi sliould require 
from 0 to 2- CL of OOlN lldoaiilfato TIhh solution is nmilo fre h daiU and is Ufcd uitliiii 
four hours of preparation 

o V COIN thlosulfalL olution Hus m iiuulc In ddutnig a 0 IN stool Holutioa of 
suilium thiosulfate 

0 V 10 per cent tolutiou of potassium lodidt 

7 V 1 per CLiit tolution of aimiiomuin nioljbdntc 
A o per ciiit bj xolurno sulfurm and solution 

0 A 1 per cent solution of stardi 


1 KUCI DUUl 

zVs mueli fincl\ potvdcicd hepann is tan bt, obtiniud on (lu tip til a tooth 
pick IS dusted into a 20 1 1 sj niiot A hUc iiinoimt ol lit pin in n dusted into ii 
15 CO ceiitrifui;i. tnlJc wlntli has n jmiafnn lostud (oilt Willi a 10 tinlrte 
needle about 17 c c ot blood aio slowh wilhdiawn fiom an mm vi in in tin usniil 
imniior care boiiio' taken tlial bubbles of an me not sniKed lluou„li the blood 
The needle is roiuoscd fixim the sjiiiisjc and the blood is allouid to flow {jeiitlv 
doivn tile slnntni^ side oC the cuitiilngc tube iiiilil tbo tube is almost full Ibi 
lork IS uiseited and the tube is t,eullv iiueitcd oiue The blood is tlien tentii 
fiitscd at a luodeiatc speed foi fifteen niiiiutis About half of the plasma is 
cnrotully leinoecd and leecutrifu^ed foi a like peiiod Iheu 02 e ( of plasma 
111 a Knliii pipette is iddedtolOee of the Indio^uii pi i oxide buffei mixtnio imd 
the solution IS surged huek and foith iii tin pipilte to msim complete lenimal 
ef nil of the plasma A 120 ee Eileiimem flask should bo used foi this 
niLxture Tho solution should he at i loom Iciiipiritiiie of 22 to 2!° C if tlu 
lempoiatiiio IS above Ol below this awatei liathliptat this timpiiatuii must hi 
'nnplojed Tweiilj mimitis Intel the eii/vaiitie action is sloiipcd In adiliiv 
to CO of siilfurie aeid solution A blank is mil in an iilcnliial mminei except 
that the sulfmic neid solution is added to tlie jiiioxich bofciie the iilasma is 
added Tive eubie eeiilmieteis ol llie 10 pel cent iodide solution and ! chops 
af the solution of nmmoiuum iiiohbdule me added to each flask Aftei Ibici 
“iiiiltcs the libeiated iodine is titiiited with tbo tiuosullati solution iii the usual 
'“anner The volumi, iii cubie eeiitimeton, of OOlN thiosulfate solution of the 
aide iiniuia that leciuircd hj the phisiiiu assay, multiiihid by 2 5 c.nas tho 
'atalasc aetivitj of 1 ee of pliismii m turns ot the units pievmusly detiiied 
npheates do not ai.ieo vvithiii 5 pel cent, the test is i epeated 
Comiac)i(_-lt was iouiid that the diawiiif, ol hubbies of mi tliioufeh thi 
‘nod during withdrawnl feives hit,h values ownu, to destiuctiou of cijtlnoevlcs 




Fig 1 — The eftectiveness of hydro\ylamine in inhibiting the catalase activity of 

c>tes and plasma 


Poi the same leason it is necessaij to allow the blood to flow gently ° 
eentntuge tube and to avoid sqiiiiting By compaiison, it was toun 
hepaim-tieated plasma giies lower catalase values than does plasma 
by the vaiious citiate oi oxalate methods Seium also ivas found to 
highei values oivmg to cell destiuction duiing coagulation Cell-fiee p as 
tound to lose its catalase activity upon standing, in one houi about 1 
loss oecuis jjjgd 

That the decomposition of hydiogen peroxide m the proceduie tjie 

IS due to catalase in the plasma and not to the oxidation, by the peioM Si 
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Tttne in minutes 

2— The effect oC temperature changes on the catalase activity of plasma 

oMdizable substances known to exist in plasma was shown by \arious 
Methods Urine diluted 1 50, with enough glucose added to make a concentra 
turn comparable to tliat of plasma, gives no decomposition of peroxide under 
1 e conditions of the present method It is well known that hjdroxjlamine is 
of the action of catalase As shoAvn ui Fig 1 the presence of 
>dro\ylamine completely inhibited the decomposition of hydrogen peioxide 
y plasma or by lyzed erythrocytes 

Anothei proof that catalase activity is responsible for the obser\ed action 
t e reduction of the maximal amount of decomposition of peroxide with tern 
Pfirature increases When time and the amount of peroxide conversion are 
otted at various temperatures, curves are obtained as in Fig 2 If non 
reactions were involved one would expect inci eased actmtj 
*o cr temperatures, a plateau being leached onlj when all peroxide vvas con 
^^ed or all oxidizable substances were oxidized It will be noted that at 45® C 
^^Pateau is qmcklj leached but tlie curves at lower temperatures indicate tliat 
could not be due to lack of available pei oxide or oxidizable substances 
the curve at 22® C shows a maximum of aetiviU which is lowei than 
reached at 0° C The curves are explained by the know n peculiar! 
t Unlike most enzjmes catalase is zathei lapidh inactivated 

^ substrate This inactivation is at a mmunum at fieezing but lapidlj 
With relatively small increments m temperatuie 
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The question aiises as to whethei peioxidasc activity may not complieate 
the estimation of catalase aetiiity This complication is uninipoitant, aceoidmfr 
to the following calculation If one uses the libeial value foi phenols, melndiDg 
tMosine, epinepluine and biliiubin, m the blood plasma of 10 mg pei 100 cc 
and, using the moleculai weight of tyiosine, assumes that one mole of owgen 
IS used pel mole of substiate, it can be calculated that not moie than 0008 rag 
ot o\j gen would be consumed pei cubic centimetei of plasma, wheieas the oxj'gen 
Iibeiated fiom the hidiogen pei oxide by 1 cc of plasma, the mean value for 
the method being used, amounts to 1 12 mg , hence, less than 1 pei cent of the 
obseiied \alue could be asciibed to pei oxidase action 

Seveial othei factois indicate that pei oxidase activity does not occui undei 
the conditions of the test No daikening of the leaetion niixtuie, winch one 
might expect if theie had been any appieeiable oxidation of phenolic compounds, 
was obsened dining the test When plasmas containing niiieh bihiubm— so 
ranch that the leaction mixtme was a faint yellow — weie tested, there wasob 
seiied no change to the gieen tint dming the enzymatic peiiod which ivould have 
been expected if pei oxidase aetivitj had been piesent It may be leniaiked that 
the biliiubin in these instances was oxidized to bihveidin, which gave a green 
tint, due to oxidation bv the fioe iodine hbeiated dming the assay of theludro 
gen pel oxide 


It would be difficult to piove that the catalase activity obseived was not 
due to the distinction of enthiocites dming the collection and pieparation of 
the plasma It can be stated that the method piesented gives the lowest values 
foi catalase activitv when compaied with othei methods of piepaiation of plasma 
01 seium As will be shown latei in anothei papei on hemolytic diseases, m con 
ditions in which an mciease in plasma catalase w'ould be expected, the values 
for catalase activitv aie actually much highei than the noinial upper linut 
but, aftei collection of the lienioivzing piocess, the values become nioienearj 
iioimal That liepaim itself is without effect on the erythiocytes is indicate 
bv the tact that a specimen of blood containing hepaiin in the amoimtsspee e 
this method and another contamine: about ten times this amount j lelded t e 


111 


same lesults in duplicate 

The use of pai afin-liiied tubes and oiled syimge gave, m some 


instances, 

closelj 


lughei values when eompaied with hepaiin duplicates, m otlier cases 
checking lesults w^eie found, hut m no instance was a value lowei than n ^ 
the hepaiin duplicate obseived The possible disiuption of eiythiocytes an d 
eentiiingation was inniimized by the use of model ate speeds and by avoi 
oi lapid inei eases to top speeds 

A second piobleiii piesented itself, namely, whethei the catalase 
the eijthroej'tes influences the activity as obseived in the plasma * 
investigated bv making a 1 500 dilution ot the eiythioeyte layei aftei cen ii^ 
nig, a 0 2 pei cent solution oi sodium eaibonate being used as diluent 
cc of this l}zed eijthioeyte solution was assayed foi catalase 
use of the same method as foi plasma except that a tliuty-nimute Id^ 
penod vvas used The hemoglobin of the solution was detemmed bj mea 
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a Photelometei The amount of hemojobui cipiesscd in piams pel 100 cc of 
erjthrocyte lajei and divided bj the catalase ictivitj ot 1 c e of the 1 500 sohi 
lion of lyzed enthiocideb was designated the hemoglobin catilase coefficient 

RESULTS 

The plasma of fifti adults nas assayed foi catalase acfnitj bv the method 
described These people weic ill classed as noimal masmiuh as the value for 
hemoglobin was moio than 13 0 Gm pci 100 cc of whole blood and thev weie 
considered free of seiious disease oi disoideis in which one would aiiticipafo 
tissue or blood desti notion 



Els 3 “-Distribution of catalase actlvlt> of tlie plaama Jn afty one normal adults 


Norma! laiues were found to lange from 4 2 to 9 5 catalase units pei cubic 
^'ninietei of plasma, the mean was 6 9 catilaso units Wheu these values 
We smoothed to the neaiest whole oi half numhei a distribution euive was 
oMemtd as shown ui Fig 3 

hemoglobin catalase coefficient varied from 2 4 to 3 3 in the twenty five 
efs'^ "hieh It was deteraiined No conelation was found between this co 
the'*'"'* catalase activity of the coi responding plasma, showing tint 

eataJaso activity of eiythrocytcs does not influence the plasma activity 
rien'a^' values for plasma catalase activity in a noimal adult over a 
jiltj hve day s were 9 5, 8 5, 9 5, 7 0, and 9 5, respeetiv elv Although but 
p “ was found m this instance more determinations on vaiions 

0 are needed before definite conclusions can be drawn 
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SUMMABA 

A method ioi the deteimination ot catalase activity of human plasma has 
lieen piesented The noimal \alues obtained iii fiftj adults veie found to range 
fioni 4 2 to 9 5 catalase units pei cubic eeiitimetei of plasma, the mean being 6 9 
catalase miits Xo eoiielation \\as appaient between the catalase actmty of the 
Cii thioe\ tes and the catalase aetivitv of the eoiiespondmg plasma 
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PL\&AIA CATALASE IN HEMOL\TIC DISEASES \ND OTHER 
ABNORALVL STATES 

ROQtK S DiLLE, AI D * V\D CuvRLES H A\ VTkINS JI D t 
Rochester "Minn 

PRC\ lOUS report* has deseiibed a clmieal method tor the doteimination 
of plasma catalase and has established noimal \alues for adults B\ the 
use of this method abnormal states ba\e been studied The pioceduie has been 
uriM slightlj 111 that i\ith the highei catalase \alucs i cached in disease states 
1 greater than 50 units, which is the limitni*; \ due in the method as 

escribed) smaller dilutions ot plasma weie ncccssar\ I sualh 0 2 c e o± plasma 
ui 0 cc of the hjdiogeii peroxide and bnffci mixtuie was used when there was 
reason to expect \erj high citalase values oi when values of moie than jO weie 
oun using the legulai piocedme The catal isc coefficient ot the enthiocvtc 
ii'eru as detei mined as described m the pieceding papei 

ecause crjthiocjtcs liver cells and renal parenclnma are lelativeh rich 
uiight thcorcticalt> predict sonic of the 1 nown clinical conditions 
desT plasma catalase could be found Am condition in which 

oec occuning to a r^ieatoi dtgiee than noimalh 

caf^l^ ^jlood stream would be expected to give a use of concentration of 
traicT^ plasma Those states in winch tins might be anticipated include 
anem r*^actious, eoiioenital and acciuired liemolvtic anemia pernicious 

hem It severe relapse acute infections causing rapid anemia paioxvsmal 
uijcctt hemoglobinuria and tlie condition pioduced b> 

tion^ ^stilled watei oi othei hypotonic solutions f eitain other condi 

tents ^ excessive destruction of blood is occurring with lelease of the con 

tions ^ ^ erjthiocjtes into the blood stieam include phlebothrombosis infarc 
uiumHl (especially my-ocardial infaictions with fomiation of large 

injurie ^eraorihage into the thoi icic or peiitone d cavities andciushing 

as ^ ''’liieh there is lapid destruction oi hepatic paienchvma such 

hopati ^ atrophv, acute hepatitis (infectious) poisoning fiom the various 
in«». t;oxins, and ciushmg iniurv to the livei would be expected to show some 
plasma catalase 

^ renal diseases in which rapid destiuction of parenchymia 

, occurs but it is possible that poisoning by the heavy metals might show 
^ plasma catalase activity 

honed ^rivestigated the plasma catalase in some of the disease states men 
fo the h\ found that m dogs injections of distilled vvatei trauma 

'or, and hepatic poisons gave increases in plasma catalase AVe were 

FSoAs‘^n^?i PUbllcaUon Nov 25 1£W7 
tr^Ulsinn Mayo Foundation 

n or Medicine Mayo Clinic 
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able to investigate plasma catalase m htmolylie anemn in pernieious anemia, m 
aneaiia associated with renal insuffieienej aftei tiansurethral resection and ui 
sandiy miscellaneous conditions 

Table I summarizes the lesiilts obtained in hemohtic iiieniia at the time of 
splenectomy and after the opeiafioii It is of interest that in two eases maiked 
differences were found in the catalase of the blood plasma fioni the splenic arten 
and veins, and in these cases noticeable diffeienees vveie also found in the 
bilirubm of the seiuni In tlie other two cases oiih minor diffeiences in both 
eatalase aud hiliiubm neie piesent The diffcienee between the plasma catalase 
of the splenic and systemic veins was piohahh due to catalase piclrup duim„ 
passage through the liver The one ease in which no difteieiice between splenic 
'em plasma and systemic vein plasma was found showed eonsideiahle direct 
bihrubiii, indicative of hepatic paienclivmal disease This mav be the reason 
tor the sinular values As would be expected there was not mucli difference 
la plasma catalase between the splenic ai tenal blood and the sv steniic v enous 
Mood These lesults aie a good indication that the method used measiiies the 
plasma catalase present in vivo and that the catalase activity found is not due 
to the destruction of erydhroev tes during the eollection of the blood and the 
preparation of the plasma 


Tha blood plasma catalase activity of systemic venous blood in two eases 
'ras mthin normal limits (although in one case a value of 10 was greatei than 
the highest value found m fifty iioinial adults) In both eases howevei the 
anemia was mild and it would seem that the late of destiiiction in the spleen 
'ms not too great, the liver probably removed most of the catalase produced 
m the spleen 

The catalase content of the erythrocy tes iii these cases vv as essentially normal 
as etermined by the hemoglobm catala'^e coefficient 

Table IT Values in Various Cases of Heviolytic Vnehia 


CiSE 

3 


HEMO 
GLOBIN' 
(011/ 
100 c c 

1 

ERYTHEO 

OYTES 

Hb 

1 CA ■ 

CATALASE 

DIUKUBIN 

(iio /lOO c c 

OF SERUM) 

1 

BLOOD’) 

1 (MIL 

1 UONS) 

(UNITS/ 
CC ) 

DI 

KECT 

1 lAPI 
RECT 

REMARKS 

6A 

15 

32 

30 5 

1 3 

3 7 

Vcquired liemolytic anemia retie 

14 6 

49 

25 

35 

85 

77 

00 18 

0 0 0 5 

uJocyto count 40 per cent 
Congenital hemoljtic anemia 
splenectomy 5 years previousl) 
Congenital hemolytic anemia 
'’^enectom^ 18 years previousU 
Acquired hemolytic anemia 
Acquired bemolj^ic anemia in ad 

94 

30 

31 

10 

30 

31 7 

37 2 

00 36 

07 19 

119 

40 

30 

110 

00 

18 

dition transfusion reactions fol 
lowing incompatible blood 
Congenital hemolytic anemia of 

10 8 

37 

3G 

4 8 

00 22 

many years duration large 
firm spleen reticulocyte count 
5 7 per cent 

Congenital hemolytic anemia re 


ticulocyto count 8 6 per cent 


== Msmoglo bln pt erythrocyte layer (Gm per lOO c c 1 

•ilaltise activity of erythrocyte Ia.>er per cubic centimeter of 1 00 dilution 
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Table III Values Befoee and Doping Treatment op Pernicjous Aneuu 


DAY OP 
TREAT 
MENT 

RETIC 

ULO 

cytes 

(%) 

HEStO 
GLOBIN 
(OSI/ 
100 C C 
OP 

BLOOD) 

EBYTH 

ROOYTES 

(MIL 

LIONS) 

i BILIRUBrK 1 

(MG/100 1 
cc or 
serum) 

DI INDI 

UECT RECT 

PLASMA 

CATA 

lASE 

(UMTS/ llh* 
C C ) G A 

2nd 

14 

73 

18 

00 

1 7 

73 2 5 

before 







0 

14 



00 

17 

53 2 7 

4 

24 2 


1 7 

00 

09 

12 6 

10 

10 0 


22 

00 

04 

3 7 28 

19 

1 8 


35 



80 

29 


11 2 

40 




d 

09 

CS 

10 



47 0 

5 

20 5 


20 




7 



2 IS 



10 2 

14 

7 9 


3 1 



52 


a 

b 

8 

12 

15 

15 0th 


10 0 
6 
11 
15 


00 

1 34 

30 7 


00 

1 91 

45 2 


00 

1 87 

32 7 


00 

1 7 

171 

3 8 

00 

1 7 

78 


00 

1 2 

5 2 

3 0 



48 

34 

00 

24 

40 0 


00 

2 8 

43 0 

28 

00 

14 

12 5 

2 8 



9 1 




9 5 




5 S 


00 

1 0 

49 7 

2 0 



212 




11 7 

21 



81 

25 


er e\tnct and 5 mg 
folie acid per day 

MaMnnl reticulocyte le 
spon«e on this day 


Treated with 15 units of 
liver e\tract per dav 


Treated with 15 units of 
Iner extract even dav 
for 1() days 

Jlnxinnl reticulocyte re- 
sponse 20 6 per cent on 
lOtli day of treatment 


liver extract for fir't 
3 days, then 15 units 
twice a week 


iicavcu « 

amounts of liver ® 

2 1 tract and 5 mg foo'- 
2 5 acid per day, pnea 

nionia developed “n 
two occasions, -Jtli >' 
8tli day of trea in«t 

and ISth to 22nd dav 

of tre atment „ 

STU units hverVWi*' 
2 S of treatment asu 

units on 7 til day o 

t reatment — 

21 io units liver evtwet ^ 
and 2na days 
meat, 15 uwts on 
Gth, and 10th days 

treatment, re|ila 
retie and E -B L 

don e -p- 

Treated 

2 6 liver f {or 

folie acid per day 

25 days 

MaNimal reticulocyte re 
sponse 


2 6 Maxamal 
2 4 sponse 


reticulocyte « 
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UlLIRUBIN 
(MC /lOO 
CC OP 
SERUM) 


D1 I IND 

nncT Irect 


PL^VSil V I 

C\TA i 

LASE 

(UNITS/ Ub I 
C C ) C V I 


189 3 J 

9 8 2 7 

13 S 

152 2 C 


3 J lt> units of liver cNtnct 
2 7 for 3 COD ecutive dnjs 
1 unit liver extract and 
2 C 1 mg folic acid per 
da\ for 30 da>s 
2 5 Mixinial reticulocjte re 
2 > sponse 


1 unit li\er extract per 
daj for 28 da\s 
Maximal reticulocjto re 
sponge 


— Hemoglobin of crithrocvto la>er (Gin per 100 cc ) 

C ^ Catalase acti\it> of erjthrocjtc lajer per cubic centimeter of 1 oOO dilution 

Tile results in patients ^\lth hcmoljtic anemn not opeiated on oi nho 
lad undergone splenectom} aie presented in Table II It ^\]]l be noted that the 
patients Mith sG\ere acquired aneinm had \er^ high catalase \alues The patients 
'uh congenital inenuas who had undeigone splenectomj had noimal values 
c rcinaniino tuo patients ^\lth congenital henioljtic anemia \\ho were not 
operated on at this time had oulj mild anemia witli relatneh low retlc^lloc^te 
founts The plasma catalase aetnit\ of sjstcmic \enous plasma was a little 
greater than noimal in one ease and noimal in anothei, this also was noted 
^ tivo of the patients witii Iiemolytie anemia ni Table I who unclenicnt opoia 
One can piobablj assume that because in these cases tlie spleen is the 
of destruction and the Ii\ei lemoxes catalase fiom the blood plasma 
normal \aJues would be found in the congenital t>pes of hemo 
anemia except dining mailted exaceibations oi ciises whereas in the ae 
I}’pes of hemoljtic anemia in winch the site of blood destruction is more 
possibly m tiie blood stieaiii itself Iiighei \ allies will be found 
Horn catalase coefficients ot the eijthiocjte la^ei weic essentialh 

la indicating no gieat change in the catalase content of the crjthroeites 
<^omparedwitli noimal iraounts 

^ Piesents the catalase and other peitment \alues obtained before 
i,f tii-atment of peinicious anemia That an e\cessue destiiiction 

tijg oceuis in sevcie pernicious anemia is nell kiionii not onlj b\ 

‘‘>"1 'udiiect seiuiii hiliiubin value but also b\ the iiicieased urobilin 

(indiH”* f 111 the feces In the dajs befoie Iner therapy, the 

“ItcniiDi beinosideiiii at iieciopsj in cases of peiiiicious anemia was 

'’“n bho**"i"'' patients who bad peiiiieious anemia except 

“I'Pattnt 1 iiiaiked iiicieases m the plasma catalase actiiitj It is also 

‘at a pioiiipt fall to normal values occuned coiiieidentalh «itb the 
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1 eticuloej^te le&ponse In one case (Case 22) in winch the leticulocyte lesponse 
was not maiked, the values fluctuated consistently above noimal Fig 1 also 
illustiatcs the i espouses obtained m a typical case 

The most plausible explanation foi the excessive destruction ot eiythiocytes 
in peinicious anemia has been that the poikilocytie and anisocytie cells, «liicli 
aie so numeious, withstand the trauma of eiiculation moie pooily than noiina! 
cells The administiation of livei seems to coiiect the pioduction of these 
abnoimallv weak cells immediately, those alieadv present aie soon destroied 
and the noimal rate ot destiuction ot eiythiocvtes with noimal plasma catalase 
values IS quickly established, as is indicated bj the cases presented Although 
this has been shown pieviousljq using seiiim biluiibm values dining tieatment 
as an index ot destiuction ot eiythioeytes, the use of plasma catalase lalues gives 
a moie dnect pi oof of these lapid changes dunng livei theiapy 



The catalase coefficients are essentially noimal and the changes ^ 
treatment do not vaiy enough to justify consideiing changes m the eata a 
tent of the eiythioeytes duiing tieatment as a deteimiinng factoi 

The values foi plasma catalase touiid in cases ot anemia secon ary 
disease aie given in Table IV The high catalase activity found m m 
these cases was an unanticipated finding with no immediate [)Wi> 

bilirabui in these eases was not elevated noi has any pievious oe 

found indicating that an excessive late of destruction of eiythioey bs 
cuiring in such cases of anemia Some patients were not anemic an 
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them were severely anenuc Because all of them weie uiemic it was possible that 
the abnormal amounts ot metabolio end products m the plasma were being 
daectly ovidized bj the hydrogen peroxide, but by using hgdi oxijlamme it iLas 
sAoieii that these uaiiies mere due to catalase alone It is loiown that renal 
parenchymal cells are rich in catalase, but one can hardly explain these values by 
escessive destruction of lenal tissue in the light of present Icuou ledge of chrome 
renal disease Tiiere was no coiielatioa between the catalase activity in these 
cases and the blood urea, blood oreatnime, or the inorganic constituents of the 
plasma 


Table IV Values in Aneiiia Secondary to Renal Disease 


CASE 

UEUO 

GLOBIN 

(GJf/ 

100 cc 

OP 

BLOOD) 

ERYTflEO- 

CYTES 

(MIL 

LIOKS) 

PLASMA 

CAT 

ALASe 

(UNITS/ 

CC) 

Mb* 

CJk,- 

UREaV 

(MO/ 

100 c c 

OP 

BLOOP) 

BILI 

RUBIN 
(MG/ 
100 CC 
OF 

SERUM) 

REMARKS 


Rb 

30 

Jiloro 
than 50 

2 0 

UO 

06 

D \ D j Group 4, with rena) 
insufficiency and cardiac fait 
ure 

“ij 

1 G 



30 

■■ 


Chrome glomcrulonepliritis 
patient died 4 days later 

6 

V 

132 

43 

34 0 

27 

m 


DAP, Group 4 or cJironic 
glomerulonephritis diiferen 
tial diagnosis not possible 

71 

23 


34 

234 


Chronic glomerulonephritis 

'’8 

84 

30 

mmm 


140 


Clironic glomorulonephritis 


04 

1‘’4 

101~ 

31 

17 7 


374 


Chronic glomerulonepliritis 

31 

40 

10 5 

23 

78 


PAD Group 3 possibly 
chronic glomerulonephritis 
pulmonary edema the pre 
nous night 

39 

ioo 


150 


Chrome gloimerulonephntis 
possibly DAD mth sec 
ondary renal insufficiency, 
death several weeks later 


_ ti 

3 8 


2 7 




34 

78 


117 

30 

■on 

BIB 


13 ij 


102 

25 

104 


Kimmelsticl and Wilson s syn 
dromo with diabetes mellitu 

37 

0^ 

27 

S 5 


143 


Cliromo glomerulonephritis 

. 131 

39 

85 

'Brg 

128 

HHHI 


78 

31 

85 

25 

146 


DA-D witli hypertension 

Group 4 

10 6 

lib 

28 

79 


178 

■ 

Postsplenectomj Banti s dis 
ease, renal insufficiency 
cause unknown 


'~Q~]T s of erythrocyte layer (Cm per 100 c c ) — ^ 

A-y., Catalase actWll> of erythrocyte layer per cubic centimeter of 1 'SOO dilution 
'diffuse arterial disease 


L ‘he catalase coefficients of the erythrocyte layei are yvithin noimal 

^ ^'**^*' "'hich shoyvs that changes in catalase of erytluoeytes were not a 
factor 

p hcen sboivn previously that hemolysis of blood occurs during 

^ “tectomy > This is probably due to the forcing of the distilled water which 
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IS used to uii"ate duimg the piocediiie into the \enoiis openings m the pioitalii 
beds It i\as consideied that the use ot oiu method befoie and aftei piostatec 
tomv would be of inteiest Table V piesents the xesults obtained As indicated, 
m all but one ease appieciable, and m many cases niaikcd, iiici eases of plasma 
catalase neie found aftei pi ostatectoinj In se\eial cases the plasma ivasgiossli 


Table V Plasma Catalasl Levels Befoke ai«1) After Tfansuietukal Eesectios in 
Which Distilied Mater Was Used vs an Irrigation AIediom 
During the Ppoceduff 


CASE 

POSTOPERATU E TIME 

(hr) 

PLASil A CATALASE | 
(UMTS/CC) ! 

REMARKS 

39 

Preoperative 

3 

24 

48 

(10 

24 0 ' 

11 5 i 

110 

Plasma normal color 

40 

Preoperative 

3 

24 

96 

88 

188 7 

68 7 

20 5 

Plasma grosslj red 
Plasma light pink 
Plasma normal color 

41 

Pieoperative 

1 

3 

6 

24 

t 4 0 

15 8 

16 5 

10 5 

62 


42 

Preoperative 

3 

12 

24 

4 5 1 

60 5 

28 5 

12 6 

PI isma showed tmge of 
pink 

43 

Preoperative 

3 

12 

24 

48 

95 

174 0 

93 5 

43 2 

12 3 

PI isma grossly r^ 
Plasma liglit pmk 

No apparent color 

44 

Pieoperative 

3 

24 

48 

74 • 

20 0 

14 5 

i 10 2 


45 

Preoperative 

3 

12 

i 95 

1 19 0 

112 

_____ 

46 

Preoperative 

3 

24 

74 

20 0 

10 6 

_____________ 

47 

Preoperatne 

3 

90 

13 2 


48 

Pieoperative 

3 

7 7 

112 

— 

49 

Preoperative 

3 

0 -1 

6S 




hemolytic We considei these lesults an additional check on the va 
method pieviously pieseuted’ We also noted that these meiease 
of plasma catalase weie not as lapidly lenioved as one would eAped 
studies eompaimg plasma catalase with plasma hemoglobin aftei pios 
would be of inteiest We think that this method will be more sensi 
the piesent plasma hemoglobin pioceduies foi detecting minima lem 
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Table VI Plasma Cvtaiabe iv Some Misllli vmeous Cosiiitioys 


CASE 

50 

HEMO 
OLOBIN 
(OM/ 
100 CC 
OF 

BLOOD) 

13 5 

ERATIIRO 

CYTES 

(MIL 

LIOVS) 

51 

BIURUBIV 
(MQ /lOOCC 
OF SERUM) 

PTa.\SM V 
. CVTVLASI 
(UMTS/ 
CC ) 

lib* 

C.A 

DLVONOisiq \ND TLMARKS 

DI 

RECT 

11 G 

INDI 

FLCT 

4 4 

ol 

10 3 

3 24 

S- 

1 1 

0 1 

3- 

Ciiuinotim of lu'itl of p'lncrc'is 
Cliroiiic hepatitis uitli a eitos ot 
3 \e irs (lur ition 

53 

14- 

1 4 

4 5 



7 0 


Vpl istic lucnim retiruloejtcs 0 i 
per cent 

54 

oo 

Em 

4J1 

llm 

02 

78 

» 3 

c imnoiui of tlic stomach 
Liinpliohlnstomn HoJekin s tvne 





72 


Lruiiia sMoncIiir} to prostatic ob 
trut fion 

Of 

98 

1 

33 

0 0 

1 0 

■ 


iout^tliemia secondary to lou \i 
til cipa(it\ heart failure and 
re ideuep nt high altitude (5 000 
ft ) ^ 

5$ 

59 

CO 

IP 

10 9 

3 1 





(Janmoiin of prostate with nieta 
tasi 



0 0 

1 10 

12 0 


Cirrhosis of hvor blood film 
showed 3 per ceut roticuloe>tes 
macrocj tosi«« increased regeuera 

tlOD 




07j 

11 0 


Chronic hvpopliMic anemia some 

evidences of excessive dcstrue 

tion of crvthrocjtcs (reticulo 

c>tcs 78 per cent tool uro 
bilmogeu 100 mu lu 24 hour 



3 7 

00 

1 1 

42 4 


DmguoMie problem probablv 

clironit mild liemol^tie ancmii 
acquired no pleen one episode 
of jaundue reticulocjtes 3 » 
per cent blood film showed m 
creased regeneration and fovv 
spherocjtes fragility 0 44 to 

0 34 per cent 


lh_ H 

0 0 



13 8 

w > J 

r^olycvtlicmia vera 


■ XTatala ^«^ nirucMo ia\cr ((jm per 1(>() cc ) 

SQ actlvitj of crjtlirocjlc In>er per cubic centimeter of 1 o ()0 dilution 


tbat tile ])ie '■''"ss obt lined iii some mibcellaiiLous tiisen It is of inteiest 
Tliere is i,oni^'^'"^°i Jaiiiidice pet se does not influence tlie tihies obtained 
'teased teatioii that the high siluo louiid in Case 59 was due to in 

"■as of uiiusu 1 '^f'tl'iocjtes (blood film and ludiiect biliiubin) Case 61 
presented The jiatient had no splenome^ih oi familial history 

^alfonamidt th^' atticl of jaundice a jcai piesaoush following 

iiiercascd "I'lch Mas tlien consideicd to be lespoiisible The blood 
**'at exeossne Inluubin, and mcieased catilase tallies Mould indicate 

P“''ejtheniia ot eijthiocjtcs Mas octmiiiig That in two cases of 

Interest m th t° of plasma catalase Mas gieatei than nonnal is of 

eatalasL eoelfic'* ^^'eoietie oiouiids some lucieise Mould be eapccted The 
"as doiii ei-jthioejtes in tlie few cases in mIiicIi this proceduie 

"as Mithm 1101 mal limits 
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Because of the similaiity of the chemical stiucture of catalase and hemo 
globin, it IS of additional significance that then ratio does not vary from normal 
in the vaiioiis disease states studied 


SOMM^VRY 


A discussion ot vaiious disease states in which increased plasma catalase 
might theoietically be expected has been piesented 

Using a method pieviously desciibedd plasma catalase values have been 
detei mined in a nuinbei of disease states in which elevated levels might be ex 
pected Elevated levels weie found in aequiied hemolytic anemias and in some 
tamilial hemoHtic anemias Diffeiences in plasma catalase of splenic artenal 
blood and venous blood weie found Inci eased plasma catalase values were 
present m pernicious anemias and lapidly fell to noimal with tieatment In 
creased amounts of catalase weie piesent in the plasma in some eases of chrome 
lenal disease Slodeiate to maiked plasma catalase activity was found after 
prostatectomy in which distilled water was used as the irrigating medium 
Sundry other diseases in which excessive plasma catalase would not be expected 
gave normal values The detennination of plasma catalase may be of practicaf 
value in diagnostic problems 

The ratio of hemoglobin to catalase did not vary tiom normal in the disease 
states studied Thus, vaiiation in the catalase of erythrocytes was not a de 
teimining factor in the changes tiom normal found in plasma catalase in the 
cases piesented 
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EFFECT OP VARIOUS LETHAL PROCEDURES AND THBRJIAL 
INJURY ON CAPILL^ARIES 


JhEON Prinzmetal, II D , H E Krlgeb vnd II C Bcrqm in, Ph D 
Los Angeles, Cvlit 


r llE role o£ eapillaiy hjpereran m shock has long been a subject of con 
troiei'S) but in the past, cnois of mttipictalion haie arisen m pait beeau'e 
if inadequate methods of tissue cj.amination ‘ * One potential source of enor 
"as imcoveied ivhen it was shown that congestion uas often masked m uii 
issanguiiiated specimens ^ If an animal dies fioin shock and sufficient time is 
permitted before the oigans are lemoved it is found that the oigans ot the 
shocked animals appeal siniilai to or onlj slightlv moie congested than the 
corresponding organs of nonshocked animals On the othei hand if the animals 
arc killed bj exsaiiguination tlic organs of shoclvcd animals are much moie 
congested than the organs of the uiislioeked annuals SimiJaih when oigans 
are remoicd m vivo, the diffeience in the amount of congestion in the shocked 
and unshooked animals becomes manifest only after the extirpated organs aie 
Ptnmtted to bleed out 


There is a second potential souiaic of eiior which niaj invalidate nianv 
prenous studios on congestion in shock The agent used to kill the experimental 
ajiimal may in itself bo rcspoiisibk foi a coiisideiable amount of congestion In 
his instance fallacious conclusions would be drawn if the oigans of an animal 
cad of shock were compaied with the oigans of a nonshocked animal destroyed 
’> a lethal dose of anesthetic ‘ 


The method employed in this iaboratorj foi estimating the degree of con 
tcstion is a comparison of the amount of hemoglobin and the number of capil 
anes Hi the exsanguinated organs of shocked and nonshocked animals The 
Pfevedures foi making hemoglobin assajs® and eapillaiy counts with the use 
“ special stains for the eridhrocv tes’ have been pieviouslv described 

f these possible souices of crioi are taken into account it becomes evident 
' } a pathologist who examines the tissues in the usual waj is unable to de 
ermme with precision the amount of congestion in a given organ at autopsv 
® 10 first place he has no oppoitunity to estimate the amount of congestion 
y 'omparmg exsanguinated organs Second he does not make hemoglobin 
^ Jsand capillaiy counts Third, there is a possibihtv that teiniinal capillan 
“ij occurs m death fioin a varictj of causes other than shock 
, “ the lattei possibihtj that requues fiuthei investigation, and to this 
to weie peifoimed with a vaiietj of lethal agents to determine 

'1 lat extent thej aie capable of piudncmg capillaij hjperemia 
the The object of the following expenment was to ascertain 

___^ount of congestion which develops m a test viseeral organ the kidnev 


’“G'llc tor Medical Research Cedars or Lebanon Ho pltal 
arants from the Blanche VIa> and Beaumont Trust Funds 
ed for publication Jan 10 lOia 
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aftei a numbei ot designated lethal piocedmes A sepal ate gioup of anunais 
was subjected to fatal theimal tiauina in oidei to eompaie the amount of coa 
gestion in a classic foim of shock with that in the fiist group 

Foity-two Long-Evaiis lats weighing tiom 153 to 374 gianis uere divided 
into se\en gioups of si\ animals each and tieated ui the following manner 
Undei local anesthesia, with pioeaine, the light leiial pedicle of each animal nas 
tied and the kidney lemov ed and ailoAved to bleed fieelj'- The animals weie thea 
killed bj vaiious means In the fiist five gionps, death Avas pioduced by sodium 
pentobaibital (04 cc intiaAenonsly), pioeame (04 ec intiaveiiously), sodium 
cyanide (S mg intiaAenouslA'). ethei (bv inhalation), and asphyxia (hr clamp 
ing the tiaehea), lespeetiAeh In the sixth gioup, death Avas caused hi aseiere 
bum (immeision to the tlioiax at 100° C loi tliiitj seconds) In the seienth 
gioup, death wms pioduced In lapid exsanguination fiom the abdorama! aorta 


exSANOUINATIQN 

1 , 


asphyxia 

1-'. i-yxir-iiA/, 


PENTOBARBITAL 


PROCAINE 


THERMAL INJURY 


ETHER 


• iittiiiKgai 


SODIUM CYANIDE 


I 2 

HEMOGLOBIN RATIO 


3 A * / ® ^ 

KIDNEY AFTER DEATH / CONTROL KIDNEY 


Fig 1 — Relatue amounts of heraofilobin retaineo m Oie ex3anBUlD*^^°4 under 10*14 
subjected to \ arious lethal procedures The control kidney was removed nrst conipw®** 
anesthesia After death the second kidnej was remo\ed and the hemoglobin co 
with the control The pooled kidneys of «:lx animals were used in each test 

The lattei gioup seived as a fuithei contiol TAA'enty minutes aftei 
each instance the second kidney' Aims lemoved and alloAved to bleed on 
hemoglobin content of both kidneAS of each animal Avas then asceitaine 

Result<i — In gabia instance the second kidney contained a sigm ® ^ 
gieatei amount of hemoglobin than the kidney’ lemoA'ed befoie the aiiinia 
killed In the seventh gioup, in AA'hich death wms bj exsanguination o }i 
ineiease Avas a small one The findings aie pjpsented m Fig 1 m 
latio of hemoglobin in the kidneA lemoA'ed aftei death to that m t^® 
kidney 

a)) 3s 

This expeximent sIioaas that vaiious lethal pioceduies as Ave ^ 
cause congestion m a test Aiseeial oigan and that the amount of conges 
qnantitatiA'ely of the same oidei as that which develops m fatal urn 


tarcT OP LErrHVL pkoceduufs \xd thermal injure o\ cmillvkies 499 




A, B 

-'Cojnpdi Ison of khlntja before ind after a fatal burn One kiJntv (A) uaa le 
before scaMlnf? of ll»e bodj up to the head at 100 C for two minutes an 1 
ktdn#'.* second kidney (B) ^vhich uus rcmo\eU three minutes after the burn Both 

kUnev JJuv after removal Note the dark engorged appcaranc of tlic ccond 

with lltUe blor’ ... ... 

after exaangulnation 



kJduejs before and after a lethal doj.e of ether One kidney (A) 
^hlch before administering ether and is tlie control for the second kldne> 

the dark etherization Both kldnejs were allowed to self exsanguinate 

t^Iclc of the flrst^kl^^'^ appearance of the second Wdnej and the pool of blood around the 

Thi 

(.jjj j confiims prcMous obsenations that the deoPte of congestion 

organs'^ ^*^oionstratcd li-v piakmg comparaticc examinations on exsanguinated 

burn'* illustrate pictoriallj the efteet upon the kidne>s of a severe 

formed'"^ “ letlial dose of ether, icspectivelj the following experiments weie per 
^ Two animals wei-e used In each instance one kidnej was lemoied 
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undei light ether anesthesia and allowed to bleed out The first animal nas 
killed with ethei, and the second by a seveie bum The second kidney of eadi 
animal was then lemoved and allowed to bleed out Kodachromes weie taken 
of the two sets of kidneys (Figs 2 and 3) The engorgement of the second 
kidney in each instance is sti iking 


DISCUSSION 


If an animal dies fiom shock and sufficient time is permitted betoie thcoi 
gans aie lemoved, it is found that the oigans of the shocked animal appear 
similai to, 01 only slightlj moie congested than, the oigans ot a nonshocked 
animal in previous communications it was showm that the ditfeience between 
the gloss appeal ance of the oigans of shocked and nonshocked animals becomes 
manifest if the animals aie kiUed by exsanguination ^ Obviously when tissues 
aie taken foi study some time aftei death has occiiiied, it is no longer possib e to 
make such a compaiison The impoitaiiee of exsanguination befoie exammuio 
the tissues in shock may explain pievious failuies to appreciate fully the vascuar 
faetoi in shock 


In the present lepoit it was shown that asphyxia, lethal doses o pen o^ 
baibital, pioeaine, sodium cyanide, and ethei cause visceial congestion n 
each instance the hemoglobin content of the kidney removed ]ust prior to a 
administiation ot the fatal dose and allowed to bleed out was compare w 
that of the second kidnei lemoved and tieated similaily twenty minutes a 
death When the two kidneys were similarly compaied in the instance o aa ^ 
tiom exsangiunation, it was found that the hemoglobin content of the secon^ 
kidney wms gieatei than the first, but that the amount of increase was ni 
smaller than in the other experiments The operative procedure 
the lemoval of the first ludney causes a certain amount of trauma, 
could explain why in the exsanguination experiment the second kidney 
more blood than the fiist In the expeiiments with the other lethal piece 
the difference in the henioglobm content of the two Indneys was stnkmg 
seven times as much blood was found in the kidneys of the animals a a 

cyanide i 

itony leading to visceral 

congestion develops from a wide variety ot causes The list 


These observations clearly show that capillaiy atony leading to 
— gestion develops from a wide variety ot causes The list incu^t^^^^ 
asphyxia, lethal doses of various drugs, and muscle ciushing injury , i 
piobable that death from many othei causes is accompanied by cap 
gestion In determining whether visceial congestion is present m a^ 
it wmuld be a mistake to compaie the degree of congestion in organs ^ 

in shock with that in coriesponding oigans of control animals sacn 


— - - — — ^ - finTl of 

lethal dose of a substance like pentobarbital or ether The utiliza 
agents for the sacrifice of control, nonshocked animals may explam " 
investigator's have failed to find or have denied the existence of cap 
gestion in shock ilild or moderate anesthetic doses of these drugs o 
a significant degree of visceral congestion,^ but, as was demonstra e , 
amounts do 
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Since visceral congestion, if sufficient m degiee leads to a icduetion m the 
circulating blood \oIunie or the \enous leturn, the de\elopineiit of eapillaiy con 
gestion after lethal doses of certain chemical substances (pentobaibital, procaine, 
sodium ejamde and ether) and asphwia suggests that the engoigement of the 
nseera may plaj an impoitant role in tlie mcclnnism of death As was dem 
onstrated, the amount of congestion was fulh as great iii some instances as after 
thermal tiaunia This laiscs the question of whether a shoeklil e piocess is not 
imphcated m the mechanism of death after the administiatioii of the chemicals 
imestigated 

It may be possible to go a step fiuthci Dcith fiom main c iiises nia^ be 
acLompamed bv a significant degiee ot \isceial congestion which the pathologist 
IS unable to evaluate because of the factois mentioned If the human heait is re 
moied immediatelj- aftei death fxom a laige \aiiet> of causes it niaj with 
perfusion, be made to beat again, and this would indicate that the immediate 
cause of death was not failure of the Jieait Is it not possible that m a ■ivide 
\anetj of preagonal states due to infections mtoMcatioiis and so forth the 
sequestration of blood m atonic \isceial eapillaiics niaj initiate a shockliko 
process which constitutes tlie final disoidei of function winch piecedes and is 
the final cause of death? 


SUM3rAR\ 

It was found that asphwia and lethal doses of pentobaibital ethci 
ptoeame, and sodium cyanide cause visceial hjpeiemia in a degree comparable 
that which develops attei fatal thermal trauma 
nrpc ^ P^ttliologist is called upon to decide wliethpi oi not hyperemia is 
eut m the viscera of a shocked oiganism, he sliould bear in mind the results 
Vis of oigans aftei cxsanguination and the fact that 

congestion may be present aftei death from mail) causes other than 
le shock, especially m oigans of contiol animals sacrificed b> lethal doses 
‘ “esthetic and othet compounds 

It IS suggested tliat the failure ot some investigators to find unusual capil 
slioek is due to the visceral hyperemia winch they have ob 
in control or nonshocked animals saciificcd by metliods which in tliem 
cs cause intense visceral hyperemia 

m^uacript thanks to Dr Ben Sacks for valuable aid in the preparation 
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THE MECHANISM OP BAGTERIA-INDUCED SHOCK EESULTING 
FROM CRUSHING OF MUSCLE IN DOGS 

H E Krugee vnd Mykon Prinzjietal, 31 D 
Los Angeles, Calif 

T N PREVIOUS studies, shock was mduted m dogs by tlie euishing and re 
placement of suigicalh excised muscle It was demonstiated that bacteiial 
contammatioii ot the tiaumatized muscle was lesponsible foi the shock state, 
ecause, it lacteiial gro\\th mas inlnbiteci by suitable antibaeteual agents, shod 
was pi evented The amount ot edema in the tiaumatized pa its was too small 
to account ioi the deielopmcnt ot slioeb 

In a senes ot expenments in lats and mice it has been shown thatiisceial 
congestion, due to atony ot the vessels eompijsing the eapillaiv bed, is a major 
actoi 111 the initiation ot tlie shock syndiome which develops aftei tkimal 
lauma This tactoi opeiates by sequestiation of blood m the chlated and 
a onie \essels of the viseeial oigans, which is deinonstiable in exsanguinated 
annna s oi oigans,' as a lesult of winch the efteetive eueulatoij \oIunie and 
t le venous letuni tall to shock levels In effect, tlie animal bleeds into its o\rn 
capiJJaiv bed In eeitaui ciicumstances, local fluid loss is also a factor 

le pill pose ot tlie piesent investigation was to aseeitam ivhetliei tliefac 
tois opeiative in shock due to muscle ciiishing' aie the same as those in theimal 
sioci. ceoidingU, expenments weie conducted to deteniiine iihetlier the 
OMc actoi fiom eiushed mieeted mxiscle leads to capiilaiy atony and a rediic 
tion in bleeding volume 


METHODS 

The quadriceps lemons of dogs inesthetized uitli sodium peatobarbital nas reoove^ 
m one nn imb The muscio wns cut into Une pieces, ground in a sterile mortar, ani 
original bed The amount of muscle crushed corresponded to 3 to 5 Gni 
weight &teii!e precautions were observed thioughout Expermical ^ 

, precious reports,!, 3 animals subjected to this procedure were obnoixh i® 

s och at the end of tweutj four hours There u-.s i decrease in the circulatory volniue, 
e im opeiated upon was edematous, and, despite the sterile technique, the crushed 
A "uis bad a foul odor, gas wis often present, and direct smear of the 
receded numeious bacteria of many types 

Under sodium pentobarbital anesthesia the femoral artery was can 
mi blood recened in a weighed container until easanguination was comp c 

le ee mg volume is eapressed as the weight of blood obtained as a per cent of tbe 


ffemofflobin Deteiminatxon — The amount of hemoglobin 


,, , , ' — ijiB araonne oi nemogioom recamea lu t*'" " , 

10 1 nej and the liter, after exsangumation of the animal was used as an index ot 
egree of capillary atony m the viscera Hemoglobin was extracted from Hw 
^gans witi 20 per cent urea solution and readings were made on the fisher ^ 
emome er A more satisfactory method of determining hemoglobin m tissues 
eve ope subsequently and is described in detail in another publication i 
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mechanism of bacteria indcced shook in D&GS 50'i 

Btstoloi/Ic Biaminahon —Tlio melliod of staining tlio tissues to facilitate the identiflca 
tjon of the oij-tlirocjtes anil the procedure for making capillary counts are described in a 
previous publication 

Experiment 1 — Undei sodium pcntobaibital anesthesia tnelte dogs weigh 
ing fiom 7 S to 17 2 kilograms weie subjected to the eiushed muscle piocedure 
Upon the detdopment of piofound shock (twenty to foity boms aftei the op 
eratioa) each animal was leanesthetized and exsanguinated and tiie bleeding 
lolume wag deteimnied Sections of vaiious oigans (heart Inei kidneys” 
spleen, adrenals, intestines and lungs) were taken foi histologic study, and 
liemoglohm dcteinnnatioiis were made of the liver and kidneys of each animal 
For coniparison, an equal iiumbei of noimal animals was exsanguinated and in 
^estigated m the same manner 



kldDejs of relation of blccfjlner volume and Itemofflobin retention in the liver 

per cent <xf WfWi . SK produced bj muscle crushing Bleeding volume is expressed as 
b\ Weight Hemoglobin retention Is in arbitrarj units baaed 

'alufs eronii unit> The large dots square and circle represent tlie aver 

standard dcvlftftfn verticle lines through these points are equal in length to 2 times 

*^ror of the mean horizontal lines above oad below these represent the standarJ 

blood in the bleeding volume wna eigniflcantlj reduced and retention of 

* Kidnejg after exsanguination was signiflcantly increased 


3 2 per™ * bleeding \ olumes of the shocked animals ranged from 0 53 to 

snimalsT*^ weight (mean 2 2 per cent) and those of the contiol normal 

tile 1)1 (mean 5 6 pei cent) (Fig 1) These values 

otlier*^*^ ™ noinnl and shocked dogs aie similar to those reported 

slioeked ‘ The hemoglobirr content of the kidneys and liver of 

Sans of "‘‘n considerably gic-itei than that of the corresponding or 

the iiuml)er""f ' ‘^ogs (Pig 1) Histologic examination revealed that 

0 open capillaries in the oigans of shocked animals was increased 
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and that the capillaries weie widei and contained moie eiythrocytes than the 
coi responding- oigans of normal contiol animals The exammei, without know 
mg which paiticulai slide he ivas studying, was able in each instance to identih 
the oigans of the shocked animals by the appeaiance of the capillaries 

In this expeiiment the physiologic changes ivhieh accompany shock, that is, 
visceial congestion and i eduction in bleeding volume, aie smiilai to those dem 
onstiated m mice and lats aftei tlieimal tiaiima In both instances a circulat 
mg chemical factoi is lesponsible foi the obseived capillary atony In tlie 
musele-ciiishing expeiiment, this factoi, a pioduet of bacteiial contamination, 
may be a bacteiial toxm “ ® 


Experiment 2 — The folloiving expeiiment was performed on four dogs 
m -whieh each animal seived as its own contiol Under sodium pentobarbital 
anesthesia the left kidney of each animal was lemoved and the oigan allowed 
to self-exsangumate foi twenty minutes After exsangumation was complete, 
it wms iveiglied, sections ivei e taken foi histologic stud}’’, and the hemoglobin con 
tent was detei mined The musele-einshmg pioeediue was earned out unmedi 
ately aftei nephieetomy Appioximately thiity houis latei, while the animal 
was m piofound shock, the opposite kidney was i amoved undei sodium pento 
baibital anesthesia and m\estigated m the same mannei as the contiol kidnev 
The bleeding volume was measuied inunediately aftei the lenioval of the see 
ond kidne}^ 


Results In each instance the kidney lemoved aftei the animal bad en 
teied into shock was moie congested than the contiol kidney, it contamed, on 
an aveiage, moie than twice as much blood as the noimal kidney, and histologic 
study showed a laige ineiease m the numbei of open capiUaiies, together mth 
an meiease in the diametei of and the amoimt of blood in eveiv capiUai} I'' 
thiee of the shocked animals the kidney Aveighed fiom 5 4 to 13 3 pei cent moie 
than the noimal contiol kidney, and m the fouith annual the weights were the 
same, although the second kidney w'as moie congested than the fiist The bleed 
mg volume in the shocked animals vaiied between 18 and 2 6 pei cent of the 
bod} weight This expeimient, like the pievious one, shows that a majoi factor 
causing the deci eased bleeding volume in shock aftei muscle eiuslimg is eon 
gestion of the visceieal oigans lesulting fiom atony of the vessels comprising 
then capillaiy beds 


DISCUSSION 

The lesults of Expeiiinents 1 and 2 cleaily indicate that shock due to 
muscle cuishing lesults fiom a leduction in the effective eirculatoiy volu»« 
and that a pimcipal cause of this i eduction is visceial congestion due to capi nr' 
aton}’’ Thus, the shock-pioducmg mechanism in eiushed muscle injuries 
similai to that obseived in bums, except that in the foimer instance the tom 
factoi w’luch leads to capillary atony is deiived fiom infected muscle ti^n 
Shock induced by theimal mjuiy m mice is due to a toxic factor not of nc 
teiial oiigin because the shocked state may oeeui withm a few minutes a 
seveie injuiy- Piiithei-nioie, the admmistiation of antibacterial substances 
no effect on the moitality aftei theimal injury 
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THE MECHANISM OP DELAYED DEATH FOLLOWING 
THEENL^L TKAUMA 


H C BrRGMAK, Ph D , H E Kruger, and IMaron Prinzaietal, MD 

Los Angeles, Calif 

I N PREVIOUS ob&eiAations it lAas 5.hoi\n that bum shock ivas accompanied 
by a leduetion m the cnculatoij blood volume, as lepieseuted by the bleeding 
\olume, and that two majoi factois Aseie implicated in this leduction one, 
local fluid loss, and the othei, atoni of the vessels compiising the capillaiv bed 
of the Ausceial oigans ^ One of the methods employed foi estimating the de 
glee of tapillaiA atony A\as medsiuement of the amount of hemoglobin retamed 
in a test oigaii In pievious evpeiiments it was shown that aftei a seveieand 
fatal bum theie is a piogiessne diminution in the bleeding volume, isheieas 
aftei a less extensue bum theie is an initial decieasc followed by a giadual 
inciease in bleeding volume as the animal lecoveis ^ 

In Mew of the fact that most of the pievious obseivations weie not eained 
beyond a twentj’-foui houi peiiod,^ it uas consideied of inteiest to asceitam 
whethei anj of the animals would sueeumb aftei appaient lecoveiv fioni the 
initial peiiod of shock Obseivations showed tliat a number of animals died 
at vanous time inteiwals, fiom the second day to moic than a month later, and 
an investigation nas undei taken to deteimine the bleeding volume and degree 
of eapillaiy atony ui suinviug animals in an endeaioi to eliieidate the niech 
anism of delaved death aftei theimal tiauma 


jiethods 

The bleeding solumei was ascertained bj cutting out the lieart of the etherized 
and mopping up the blood entering the thoracic cavit) uith weighed cotton 
presence and degree of capillary atony were determined by measuring the amount of 
globin retamed in the li\er Briefly, the method consists of extractmg the hemoglohm 
the finel> cut liver with a buffered salt solution and measuring it photometricalh a 
version to cj anmethemoglobin The tissue hemoglobin values were corrected for poWy ^ 
and anemia, respectively Other details of the method have been described elsewhere, 

All animals were placed upon a diet of Alber’s Priskies, with the daily **^'^'^* 
mg of ferrous sulfate, 0 2 mg of manganese chloride, and trace amounts of cohalt 
salts per 100 ml of drinking water These salts were added in an effort to l,urneii 

anemia which was found to develop after the initial period of heraoconcentratnm ' 
rats In previous observations it had been shown that this diet with the “^alts a 
influence the bleeding ^olume 

Expel iment 1 Bleeding Volume and Hemoglohm Retention m 
Vanous Time Intel vals After Theimal Injuiy — Each of 412 adult 
mice was anesthetized ivitli ethei and ininiei’secl up to the head 
60° C foi seven seconds The tjpe of bum chosen was one which wo 
most of the animals to suivive foi days oi weeks aftei the initial peiio 
At inteivals of two to eight horns dining the fiist twenty-fom a 

end of tivo and four daj^s, lespectively, and theieafter at state gjjiouiit 
gioup of suiviving mice wmie etheiized and the bleeding lolume aifl 

From the Institute for J^Iedical Research Cedars of Lebanon 
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of heraoglobm letentioii in the liver asceitaiued Upon eacli occasion when these 
determinations Mere made, contiol observations weie taken upon a group of 
normal, unbuined mice The numbei of animals in the burned group which 
died each daj Mas recorded and a mortalitj curve constructed (Fig 1) 



DAYS AFTER THERMAL INJURY 


^ curse based on (1) 300 mice scalded to the head In water at CO C for 

seconds and ( ) 80 rata scalded to the head In %\ater at 05 C for ten seconds 


Results The changes rn tlie bleeding volume and the amount of hemoglobin 
^tention m the liver are shown m Figs 2 and 3 The greatest decline m the 
S volume Mas noted m animals which were sacrificed four hours after 
2 urn, at which time the value fell to an average of 2 89 ± 0 16* per cent of 
iih compared with the average control figure of 5 86 + 0 10 * It 

uoted tliat the relatively mild type of burn employed in this experi 
oes not lead to the severest foim of shock ^ By the end of twenty four 
^ours tile bleeding volume was back to almost normal At the end of two hours 
uf hemoglobin retained in the livei was an average of 190 times 
ther ^uutrol, and at the end of four hours, 1 54 By the end of ten hours 
vas longei an increased heraoglobm retention showing that the toxic 

thm was no longer opeiativc In the subsequent observations, endmg 

^uvs after the expeiiment was begun, the figures for the bleeding 
m til ^ to nonnal and theie weie no further lucieases above normal 

tita ^ the hemoglobin retention Many of the values for hemoglobin 

below normal aftei the fiist day Most of the animals 
— 3Ucmie and all tlie animals lost weight A number which died during 
Staaaard error of the mean 





^ ^ HOURS AFTER THERMAL INJURY 

(initial twenty-fou^^ hemo^obin reteatlon to time after Oiennal lo 

}’®ari m ■water at 00'’ C for lP®t ™*ae which were immersed up to toe 

length equal to three times the through the circles ha\e a total 

number of mice ™®aii The numbers nevt to the circto 

°Lff*®,*Jgure and Fig 3 the Ussue^homn^t hemoglobin retention graphs 
Itematocnts of normal ”to the burned animals was corrected by to 

fell to a ndnimtim’liS?.,®" Within four hours after thermal injury 

already reached a maximum uimum value and the hemoglobin retained by the liter hao 



yj„ 3 -Rplnn after THERMAL INJURY 

Jury (over a period of thfrtj^4^wei? thf-J”?’® hemoglobin retention to time after t!'®™‘‘Thia 
is an extension of Fig 2 (tht ^ Based on 212 mice subjected to tliermal ]|„te 

accompanying the nomal eSA p^r I'l ‘‘t? e>Plained in the text of Fig 2) The dotteajj 
standard error of^tho^m hleed^g \olume are separated by a 

the bleeding \olume returned during the thirty-seven days after tlierniaiw 

hemoglobin retained by the liver “i. ^hout thirteen days although the amoh ji,^ 
le liver appeared to be somewhat less than noimal in the bumeu 
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the observation peiiod showed infection oi gaiigienc oi both, in one or moie 
limbs The mode of death was in shaip contrast to that of animals which sue 
Climb to hum shock In the latter instance, the skin temperature falls, dyspnea 
develops, and death occurs after a peiiod of progressive asthenia and stupor 
In the foregoing evpeiinient, manj of the animals appealed to be m good con 
ditioii luitil ver} shoitlj befoie death and none died with the classic sjmptoms 
of shock 

Fxpenment 3 Rate of Mortality and Bleeding Volume Aftei Thermal 
hiiury ill Rats — A group of SO Long Evans rats, weighing from 250 to 100 
grams, were anesthetized with ether and imnieised in water at 65° C up to 
the head for ten seconds This group togethei with an equal iiumher of normal 
unbumed lats was placed on the diet desciibed undci methods The animals 
were observed foi twentj six dajs A mortality recoid was kept and a time 
mortahtv cuive constructed On the twentj sixth day all the surviving rats 
were anesthetized with ether and the blcccbng volume was deteinnned Control 
observations were made upon an equal number of unbumed animals 

Results In the lats which had survived for twenty six days the average 
bleeduig volume was -1 94 + 0 09* in the controls Statistical analvsis shows that 
the amount of increase over tlie control is significant 

A. few of the rats developed infection and gangrene of one or moie limbs 
•As in the instance of the burned mice, a number of rats which succumbed at 
ranoiis time inteivals after lecovoiy fiom the initial period of sliock appeared 
Wgood condition until shortlj before death The time moitalitj cuive is given 
mPig 1 

DISCUSSION 

These obseivatioiis indicate that in mice which suivive bum shock the 
bleedmg volume returns to normal after twentj four liours confirming pievious 
studies with this type of bum * Moreovei there was no increased retention of 
Mood in the livei by the end of ten houis, suggesting that the toxic factor which 
oauses atonj of the vessels of the capUlaiy bed was no longer operative As the 
iwortalitj cuive (Pig 1) shows, a ceitain number of mice died from two days to 
Wore than thirty days after the trauma Suivivnng animals were selected at 
tandoni for sacrifice on a particular daj for determinations of the bleeding 
lolume, but in order to ascertain whether the values in moribund animals differed 
lorn those in nonnioribund animals a number of the foimei were tested at the 
^We time The values did not differ significantlj in the two groups Neither 
greased blood volume nor evidence of capillarj atony vvas demonstiated in any 
® f e animals which survived beyond the initial twentj foui hour period 
Atilson and co vvoikeis^ followed the clinical course of treated bums in 
umaii beings and attributed the delayed deaths in their senes to tlie presence 
acute or septic toxemia, rather than to sliock The experiments reported m 
u t aonimunication clearly show that delayed death m burned mice is 

1 , sliock in the sense of a svndrome aecoinpanied by decreased circulating 

aa volume and eapillaiy atony 

'Whereas the values for the bleeding volume returned to noimal in tlie ex 
H^^nts on mice, the values vveio found to be above normal m rats which sui 

Stasoarj error or the mean 
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vived twentj'-six days aftei tlieimal tiauma Noble and Collip,®- “ ^\ho pioduced 
shock in lats by tiauniatizuig them m a specially constiucted dium, sliowed 
that animals which had been picviously subjected to this foim of tiauma were 
able to Muthstand a second tiial without being thiown mto shock These authors 
i\eie unable to explain the iinniumty which had de\ eloped If an mcieosed 
blood volume ueie to be found in these animals, it would help to explain the 
immuiut'v in the Noble-Collip expeiiments 

In the absence of visceial congestion and a deciease in the ciiculatmg \ol 
luiie, it IS necessaiv to seaicli foi causes othei than shock to explain the delaied 
moitality aftei theinial tiauma Suiviviiig animals develop anemia and loss 
of weight and not infiequenth' infection oi gangiene of the limbs Whether 
the fatal outcome is a lesult of infection, a metabolic oi nutiitional distuibance, 
01 IS due to some othei undetei mined cause lemains toi futiiie studies to exploie 


SUiniVRX VND CONCLUSIONS 

The mechanism of delayed death in binned animals was investigated The 
tipe of theimal tiauma chosen loi the expeiiment was one vliieh pioduee 
shock but which enabled a laige numbei of animals to siiivive foi a miinliei ot 
dais 01 necks aftei the initial peiiod of shock Obseivations neie made upon 
the eiiculatoii blood lolume, as lepiesented by the bleeding lolume, and on 
the degiee of eapillaiv atony, as lepiesented by the amount of hemoglobin le 
tamed in the exsanguinated livei These obseivations weie begun two hoim> 
aftei the bnin and continued foi a peiiod of thpty-seveii days 

111 mice, eapillaiy atonj and a deci eased blood volume weie demonstia e 
duniig the peiiod in which the sjnnptonis of shock weie pieseiit Upon lo 
subsideuee of these simptoms (geneially within twentj-foui hoiu’s), the oo|^ 
volume was lestoied to its noimal value, the capillaiy atony disappeaiei , » 
theie was no iuithei i eduction in the blood volume oi leappeaiance of viscem 
congestion thioughout the peiiod of obseivation ^ . 

Ill expel imeiits on lats aftei similai theimal tiauma, the bleeding 
showed a small liut significant iiiciease above the noinial in obseivations 
ti\ enti -sei en dais aftei the bum A possible explanation toi the imniun 
to shock in the Noble-Collip expeiiment was suggested _ 

Delaied death aftei the type of theimal lujiiiy employed is not 
peisistent oi leciiiient shock 

Me wish to extend our tlnnks to Dr Ben Sucks for laUiablo uid m the prep 
this manuscript 
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LABORATORY METHODS 


A SDIPLIFIED SEDIMENTATION RATE TECHNIQUE WITH 
C03IBINED CHART AND CORRECTION NOi\IOGR VM 

Nelson K OnD\\A\,MD • vndRichvrdB Singer D 

PHILVDrLPHI\ P4 

'T'lIIS papei desciibes a ’sLdinuntatiou cliait and technique that peunit coi 
rection foi the eftcct of \aiiations in icd blood cell plasma latio on tlie sedi 
mentation rate TJie method of collection b\ means of a nomo^iam punted 
directh on the sedimentation chait, is a simplified adaptation of that of Rouike 
audEmsteue^ The sedimentation clmt (Fu I) is designed foi inclusion in 
the patient’s pcimanent lecoid 

PRINCIlLr Ot METHOD 

The sedimentation cui\c ot uncoagulaled blood obtained b\ plotting 
against time the settling of the topmost la>ci of cells in a \citical tube is 
typieallj sigmoid and ma^ bo divided into tiutc components (1) an initial 
sloi\ phase oi penod of acgiegation dunng which loulean foiination takes place 
and the rate of fall gnduall} ineieases (2) a pciiod of constant and ma\imum 
late of fall, represented bj a stiaight line (3) a peiiod of packing m 
\duch the xate becomes piOoLcssi\el> slowei as the cells pile up on the bottom 
of the tube Sedimentation late is somctmies defined as the total distance of 
settling m an arbitiaiv lengtli of time usualh one houi Tins almost always 
implies a summation of the first two or all thice of the phases of sedimentation 
a single value which maj be the same foi entiieh cliffeient curves The 
unambiguous definition of sedimentation latc as the nia\imum late of fall, 
Oi^prossed by the slope of tlie second, stiai_ht line poidion of the curve has been 

adopted here 

It is possible to distinguish an elevation in sedimentation late due to patho 
Ogle mcrease in ceitain constituenls of the plasma, notablv fibrinogen fiom that 
^■ought about simplj bj anemia Such a diffeientiation is customarily made 
3 ev-pressiug tlie sedimentation late of a blood sample as that v\hich would be 
nxbitraiy standaid packed cell volume the effect of vaiiations 
e cell plasma volume lelitionship is thciebv eliminated The two most 
jj employed techniques involving a collection of this soit aie those of 

^eur c and Ernstone^ and Mintrobe and Landsbeig“ In the lattei method 
va niillinieteis of sedimentation in one houi is collected for 

from a packed cell volume of 42 or 47 pei cent the aveia^e values foi 

Pepper Laboratorj of the Hospital of tlie Lnl\ersltj of PcnnsjUauIa 
Prelent Dec U 1047 

^“laress Louisiana State Uni\er It> School of Medicine Ncu Orlcm La. 
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SEDIMENrATION RATE REPORT 


Clinic 
or Ward_ 


Time in Minutes 



Rate of Fall (mm per hour) 


Packed 

Cell 

Volume 

1—55 


Rate of FaO 
rtOO 


rM 

riSO 

-200 


h-150 


(-50 


(-45 


(-40 


(-35 


-110 r 


HO 


Corrected 

I — 30 Sedimentation 
Rate 


(-25 


1-20 


-100 

-eo 

-SO 

-70 

-60 

roO 

^0 

r25 

f-20 

-15 


OBSERVED DATA 

Rate of fall (straight line portion 
of sedimentation ciir>c) 

Volume of packed red cells _ 

CORRECTED SEDIMENTATION RATE 
( to packed cell volume of 45^1:) — 


_ranu per hour 
of whole blood 


_mm per hour 


L5 

INTEHPRETATION OF RAT 

S 20 mm. per hour normal 
2(M5 mm. per hour aliehUJ tocrea«4 

45-75 mm. per hour moderately 

Over 75 mm. per hour markedly IncK“ 


(Description of method on other aide) 
Fig 1 — ^The report form 


•women and men, lespectively It lias iDeen sho^\'n that collection is ^ jmJ 
accuiate if based on the maximum late of fall,^ as in the method of 'O ^ 
'Einstene In then technique, collection is made m the case of eit 
packed cell volume of 45 pei cent hy means of a contour line chait 
fiom expeiuueutal data The method piesented heie is iiituallv tie 
only essential difference being in the simplified calculation of coiree 
tluough the use of a nomogiam deiived fiom the Rouike-Einstene c lai 
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TECHNIQUE 


For use ^s anticoagulant a solution is prcpaicd ot the double oxalate mix 
tuic of Hellei and PauF dissohmg 4 43 Gni of potassium oxalate and 6 87 
Gm of aiymonium oxalate (the monohydrate salt in each case) in distilled A\ater 
to make a final volume of 500 cubic centimeters This antn oaj^ulant is cheaper 
and more stable than hepaiiii and unlike the lattei has no effect on the sedi 
mentation late ^ One tenth cubic centimeter of the dcsciibed 2 per cent solution 
conespoiidnig to 2 mg of the salt mixture, is the optimum amount to pie\ent 
coagulation of 1 c c of blood Small tubes or bottles aie pi epaied In mcasuiing 
into them and e\aporating to dryness appropnate amounts of the solution 
(for example, 0 3 c c foi See of blood) From 67 to 200 pci cent of the 
designated optimum amount of blood may be used nnthout clotting or alteia 
tion of packed cell -volume or sedimentation rate’ (nameh 2 to 6 ee m the 
example gl^en) , this is a niaigin of safety useful in clinical work 

The appropriate measured amount of blood should be mixed with the 
anticoagulant as soon as possible after \cnipuncture • Within ninetj minutes a 
chemically clean, dry sedimentation tube is filled to the 10 cm mark b\ means 
of a long stemmed capiUarj transfer pipette The sedimentation in millimcteis 
is accurately estimated at intervals of two, four, or six minutes depending on 
the speed of settling the more rapid the sedimentation, the shorter is the penod 
of constant fall, and hence tlie more frequently must obser\ations be made f 
Observations are begun approximately fifteen minutes aftei filling, the sedi 
^uentation tube and continue until the trend of the plotted points shows that the 
third phase of the sedimentation curve has bee;i reached The tube is then 
centrifuj^ed until packing is complete — -about one half hour at 2,000 to 2 500 
iciolutioiis per minute — and the volume of packed led cells is lead as peicentage 
of uhole blood 


After observations have been completed, a stiaight line is drawn through 
the points comprising the second phase of sedimentation Anotlier line is 
rawn parallel to the Siret, passing through the upper left hand comer of the 
c lart (intersection of 0 coordinates) and extending to the scale on tlie right 
'and or lower margin, where the uncorrcctcd rate of fall is read in millimeters 
per hour Finally a stiaight line is drawn connecting pomts on the right and 
® t hand scales of the nomogram, representing respectively the rate of fall and 
1 ^ packed cell volume The point of mtersection of this line with the middle 
indicates the sedimentation, rate corrected to the standard packed cell 
of 45 per cent The tccluiique is ilUiatiated in Fig 2 


Pro\Me^"n centimeter of capiltarj blood la a satisfactory substitute for •venous blood 

fCDtimeter tube is used such as the VVIntrobe •srhlch has a capacity of 0 7 cubic 


‘he too of marked anemia not only Is the rate of fall accelerated but in addition 

*"ff<!rent!a\ cellular lajer la Indistinct, duo to the Increased prominence of the effect of 
OOi^Ible erythrocjtes In this *onc Precise individual readings arc thus not 

the rate of fall can be accurately esUmated If n»any points are plotted 



514 


ORDWAY AND SINGER 


Rate of Fal 



Up to twehe cin\es can be plotted coneiurently by filling ^ll the 
stalling the obseivations approximately fifteen minutes after filling 
Eeadings aie plotted on a separate chart foi each sample A 
needs only one stop ■watch oi clock for the uhole soiies of tubes, since 
be read ui the same sequence each time 


The piocediiie is earned out at room tempeiatiiie The sedimentation 
must be 3 mm oi moie in inside diameter^ and are ealibiated to contain 
column 100 mm in height AVmtiobe® oi Roiirke-Einstene^ 
satisfactoiy a highei degiee of accuracy in reading is possible wn ^gpable 


It IS impoitant that the laek in which the tubes are set be stable an 
of being leieled so that the tubes are absolutely vertical It should o P 
eje lei el to aioid eiiois of parallax The tubes should be deane 
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cleaning fluid fi*cquenth prefeiablj aftei each determination Aftet tiiorough 
nnsing ^vlth distilled ^\atci the^ should be allo\\ed to dr\ br drainage and 
evaporation, rapid dnmg with alcohol and ethei leaves a suiface film which 
may produce retaided and incgnlai scndinicntation 

SEDIME\TVT10\ CH\KT IND NOMOGBWt 

The sedimentation chait is lepicsentcd iii Pig 1 • Is punted it contains 
on the reverse side a biief description of the method The constmction of the 
nomogram was made possible b} a tiansfoimation of cooidinatcs so that the 
curved contour lines of the Rourkc Criistene chait could be plotted as a seiics 
of straight lines Tlie acemaej of the tiansfoimation is shown bv the faet that 
values for corrected sedimentation latc obtained bv the nomogiam agiee with 
those obtained bv the Roiirke Einstcne chait within 2 mm per hour except 
for packed cell volumes ncai 55 pei cent whcie the deviation mav he twnce this 
amount Values for collected ntes of less than 5 mm oi more tinn 110 mm 
per hour, the limits of the scale, arc laich encountcicd 



riff 3 Transformation of coordinates of Kourkc Crnstene chart The traight lines represent 
corrected sedimentation rate In millimeters per hour 


DETULS OP CONSTRUCTION OF NOMOGRASI 

‘^iniuUaneoui, values foi packed cell volume rate of fall and collected 
wdiinentation inde-s were taken fiom the IJourke Ernstene chart and assem 
ed in tabulai fonn The second and tluid \aiiahlcs weie expressed in milli 
®cters per hour instead of inillinieters per minute Corrected sedimentation 
sx 13 hereinafter refeiied to as coirected sedimentation rate 
A method of graphic piesentation ivas next sought that nould permit 


plotting corrected sedimentation rate in tenns of the othei tno variables m 
™'n a manner that the locus of the points lepreseiiting anj particular xalue 

and 


corrected sedimentation rate would he a straight line Bj trial and error 


Plished 


inspection of the plotted points it was found that tins could be accom 


niost closelj when log (85 minus packed cell volume) was plotted 


log (rate of fall) The technique is illustrated in Fig 3 in which five 

Ifom form Qs prepared b> the authors are a\allable In printed form 

« S Aloe Companj St IxiUis, Mo 
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lepiesentatne ^alues foi collected sedimentation, late haie been plotted in 
tei-ms of packed cell ’loliime and late of fall A senes of stiaiglit lines as 
obtained foi collected sedimentation lates of 5 tliioiigli 110 mm pei hour 
All lines iieie diaivii by inspection 

From this senes of stiaiglit lines, ad 3 ustcd values foi packed cell \olume 
and late of fall weie obtained and tabulated It is appaieiit fiom Fig 3 
that the iiccessai-j' ad 3 ustments iveie viitually negligible except m the case of 
many points conesponding to a jiacked cell volume of 55 pei cent The iieces 
sity foi laigei ad 3 ustments at this end of the scale explains the lack of urn 
fonnly close agieeinent hetween the nomogiam and the Rouike Eiiistene chart 
in this lange, iionited out m the foiegoing section 

The nomogiam could then be eoiisti noted by placing the cooidmates of 
Fig 3 paiallel to each otliei instead of at light angles The distance hetuecn 
the lines and the length of the scales weie chosen aibitianly By this maiieu 
ver the stiaight lines lepiesenting collected sedimentation late became a 
senes of points lying between the paiallel scales Each point m tlie seii« 
was located by the com ei genee of three stiaiglit lines drawn between in ei^ 
separated positions on the outer scales lepiesentmg simultaneous laiies or 
rate of fall and packed cell volume Finally a smooth line was diaivn 
inspection through the senes of points thus located 

The limits of the scale lepiesenting packed cell voliinie aie 20 an ^ 
those of the Rouike-Einstene chart The upper limit of the ® 

110, higher \alues for collected sedimentation late cannot be mehi ® 
they are represented bv euiies rather than straight lines in the oiigma r 
formation of coordinates (Fig 3) The lower limit of this scale 
to that of Rouike and Enisteiie In the scale representing rate of 
below 5 are not included because the nomogram would be made 
such rates are, in fact, infrequently encountered Values above 360 lepr 
an extrapolation since this value was the liighest employed m 
stiuction of the nonogiam 


DISCUSSION 

The sedimentation late ot oxalated blood is constant for a 
and one-halt hours following collection of the samples, thereafter 
be a decrease in rate, hence the need for beginning observations ivi u 
minutes Zero time on the cooidmate chart is quite aibitiary an 
poses of eomenience will correspond in most instances to the 
mitial obsei ration Humps in the sedimentation curie may mdica e 
tube or hemolvzed or partly clotted blood, the curve shduld be 
srgnioid and the points of the second iihase should fall exactly on a 
line The second phase ordinal ilj' begins fifteen to thirty five nun 
the tube is filled and lasts fifteen to thirty minutes It is thus pnie 

to start obsenations at once nor to continue them for a fixed pen 

The precision of this technique is illustrated bj'' the ° gjj ^ol 

Figs 2 and 4 Pig 3 illustrates the effect of a variation m pac a 
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ume oil the obseiied sedimentation inte, ivliile the collected rate remains piac 
tieally unchanged In Fig 4 is siionii the coi i espondence of the corieeted 
rates for tenons and capillarj blood in tlie same patient 

The collected sedimentation late of noimal poisons laries from 5 to 
20 min per hour, coi responding to a corrected sedimentation index of 0 08 
to 0 35 in the Eovnke Ernstene method Rates between 20 and 45 inni pei 
hour are coiisideied slightlj eleiated, between 45 and 75, modeiateli eleiated 
and over 75 markedlj eleiated 


I —Sedimentation 



rates of capillary and venous blood awples simultaneously withdrawn 


Ho pro\ed its practicabilitj lu se\eii jears of use in the 

^Pita of tile Uni\ersity of Feimsjlvama 


Sll3rilAB\ 

j of sedimentation rate aeeoiding to the Eourke Ernstene 

erdin'T^ heen simplified tlmnigh the use of a leport foini \\ith nomo 
> hv means of which the obsei\ed rate ma^ be corrected foi \ariations 
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in packed cell \oliinie fiom the standaid value of 45 pei cent Tins couec 
tion peimits a moie aecuiate inteipietation of sechmentation late tluoughtiie 
elimination of one evtianeous effect, the vaiying red blood cell plasma latio 

Dr David Black proposed the inclusion of slopes on the margin of the coordinate 
rliart to obviate the calculation of the rate of fall We are indebted to huu for this sng 
gestloa snd for helpful adiice in man^ othei m%tteTs 
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A DEVICE TO FACILITATE THE GLEANING OF C VGES CONTAINING 
COTTON EATS 


R G Fischer AB 
Sin Prvn CISCO, Cvlie 

T UE jumpmg ability of cotton lats is familial to anjone nlio Ins handled 
these animals If any appieciable number of cotton lats is in use, the clean 
mg of cages involves the expeiidituie of much time and eneigt 
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The pioeeduie foimeily iised in the animal quarteis of the Geoige "Williams 
Hoopei Foundation consisted of placing the cage in a laige galvanized garbage 
can, lemoving the lid of the cage, placing the lats in the bottom of the cau, aad 
then cleaning the cage Aftei the cage had been cleaned, the lats were caught 
indiiiduallj’^ ivith foiceps and placed in the cage In addition to bemg time 
consuming, this pioeeduie occasionally was responsible foi luptiue of the spleen 
01 liver of the animals 

Hence, to facilitate cleaning the cages, the device shoivn diagiammaticalh 
in Fig 1 was made It is easily made -with readily available materials It is 
used with cages of the nsnal type, which have the lid on top The dence consists 
essentially of a metal box with tapeied sides and with a smiple slidmg floor oi 
stout canvas oi flexible metal seieen No dmiensions aie given here, since it is 
neeessaiv to adapt the size of the appaiatiis to the size of the cages m use 
In operation, the device is diopped into the cage by sliding it under the lid 
of the cage as the lid is laised With the lats under the device, the hd of the 
cage IS lemoied completely and the sliding flooi is pulled mto position The 
device eontaming the lats, is theu lifted fiom the cage After the cage has been 
cleaned and fiesh bedding and feed have been supplied, the rats are quickb and 
easih letuined to it by means of the sliding dooi at the bioad end of the deuce 
Undei actual conditions of use, an expeiienced animal keepei lefiuued 
slightly less than one minute pei cage to clean a total of 182 cages "Without the 
facilitating device, the same woikei lecjuued about thiee minutes pei case 



PENICILLIN IN THE TKLATHLNT 01 ACTIN(ni\C0Slb 


Dovvlo E Niuioi^, '\I D , vnd Wvllvcl L Herrell, JI D 
Eociiesteb, Minn 

TN 1943 Ploiej and Ploiej’ icpoitcd the lesuita of the ti-catment with pemcilhn 
1 of two patients who had actmom^eosl 3 In these jntieiits peaicillui appeared 
to ha\e no effect on the infection Howcvei, m the light of oni piesent knowl 
edge the amounts of pemeilhii used and the method of adniimstiation emplojed 
appear to ha\e been inadequite In 1943 the Committee on Chemotherapeutic 
and Other Agents of the National Kese 11*011 CountiP also leported data on the 
use of penicillin m thicc patients wlio h id aetinomj cosis One patient impio\ed 
and two died No details as to the tjpc of case 01 tlic method 01 duiation of 
treatment were guen In 1944 , 111 collaboiation with Heilman we® repoited 
our initial obseiwations on the use of penicillin ni the ticatment of twche pa 
tients who had actmom> cosis No eonehisions could he leaclied iiom these Iim 
ited obi,ei\ations because tlio patients b id been followed for inadequate peuods 
Treatment with xicmciUm of smiU gioups ol patients who had actmonij-cosis 
has been reported by othei mvestigatois * ® The itsuUs ha\e been encouraging 
Up to the present time, SD^ty patients who had actmomjcosis ha\e been 
treated with pcuicilhu undci oui supenision Fourteen oi these patients have 
not been followed for a sufficient length of time to enable us to e\aluate the re 
ifults of tieatnient Oui present repoit, therefoic deals with oiu obsenations on 
the use of penieilhu in the treatment of forty six patients who had aetinomjcosis 
These forty six patients have been followed foi peuods of from one to five >eais 
^UKc the conclusion of the treatment 

Considerable confusion and diffeience of opinion exist concerning the defi 
aition of the term actinonij cosis I^oi the puiposes of oui investigative work 
have confined oui studies to infections caused bv the micro aerophihc 01 
oUnism Ac(i)io?nyces horn? Infections caused bv the seveial species of the genus 
hocardia have been classified separately iiid are not included in this report 
The diagnosis of actinomycosis 111 each of oui patients was made bj dueet ex 
^inimatioa 01 cultuie of pus obtained from a diammg sinus or from material 
obtained at opeiation AU stiains of Actinomyces hovis cultuicd were found 
lo be sensitive to penieilhn in vitro, the oie,anifenI'"being inhibited bj 0 01 to 0 1 
'imt of pcnicillm per cubic centimeter of cultuie medium 

lu attempting to evaluate methods of ticatment it is of importance to 
naahfj carefullj the gencial teim aetinomjcosis, for the prognosis vanes gieatlv 
Recordi ng to the location of the lesion, the duration of the infection and the 
Jrom the Division of Medicine Ma>o CHnlc 

lOlT Vleetlng of the Central Socl»’t> for Clmlcnl Ktse-irclj Chicago lU Oct 31 
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gencidl toiidition oi the patient A method ot tieatmeiit whicli it. eftcLtui wlitii 
the sott tisbuts ot the tace and neck aie in\ol\ed ib otten eiitiielv meftectne 
when actinomc eosis involves othei paits ot the bod> It the disease has been 
piesont suhicientlc long to peiinit an oceigiowth of fibious tissue oi an im 
paiiment ot the geneial health ot the patient, cftectiie tieatraeiit of am tipi 
will he much moie difficult A classification ot actinoiin cosis accoicling to tin 
oigan 01 01 nans imolved is the most desiialile Howevei, iiiasniiich as tlie 
pathologic piocess and the piognosis aie similai when ceitain legions ot tlie 
boch aie incaded, toi pin poses ot discussion a moie geneial classihcatioiuaii k 
adopted Oui patients, theictoic, hace been giouped undei five geneial head 
mgs ceiMcotacial actinomvcosis, luilnionaiy actmomvcosis, abdoiniiial actnio- 
mccosis, pehic aitinoms cosis, and actinoin-v cosis involving othei parts ot tin 
hodv 

Ot the gioiip of foitc-si\ patients on whom we aic lepoitmg data, tweim 
si\ weie siittciing tiom lomicotacial actniomveosis, nine tioni pulmonaii n 
tinoniMusis eight iioiii abdominal ac t mom \ cosis, and thiee tiom pelvic actmo 
m\(osis Penicillin vas administeicd to eacli ol these patients eitliei b\ m ei 
mittent inti amuse ulai iniections c\eiv thiee hoiiis oi by the * j 

\enous diip method Tlie dosages ot penicillin \aiied wideh between 8 , ‘'ii 
1,000 000 units daih In most cases penicillin was admniisteiecl contimiousj^ 
loi peiiods langing lioiii two to seven weeks In some instances the 
■was administeied in couises ot ten days each, with inteicals of one to scui 
sveelvs iiiteueiiing 


RlSblTS ICCORDliNO 10 LOCVTION 

Cl I n< ijfacjiil A< tiHumi/LObi'^ — Twentv-si\ ])aticnts with 
tiiiom\(osib icccned penicillin Since 1940, twentv-five othei 
ceiMcolacial actinonn cosis base been seen b'v oui colleagues oi n 
These patients did not leceive penicillin but weie tieated by ot ici 
The numbei ot patients who lecoveiccl was apppioMmately ecpia m 
these gioups, that is, in excess ot 90 pei cent (Table I) The 
ieienco hetw'een the two gioups, how'evei, appeals to he the cluia ion 
ment neeessai-s to bung about leeoveiy When penicillin was 
tom lesiilts wmie obtained aitei an aveiage peiiod ol tieatment o 
months When penicillin was not used, it w'as necessaij’’ to 
ment, on an aseiage, loi neailv six months These figuies 
peiiod lioni the onset ot tieatment to the discontinuance ot all toinis o^^ 
In hotli gioups tieatment was earned out continuously in some cast 
earning mteieals in othei-s 
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Pnbnonanj Aciinomycosis — The most stiikijif? losults ot tieatniciit 
penicillin occiuicd m the p iticiKs A\ho Ind piilmoiidn abdominal, oi pehie 
ictinomjcosis, since pitients ^\lth these tapes ot iclinonncosis had unifoinila 
pool pio„noses when othei tapes ot tieitmeiit wcu used Nine patients wlio 
had pulmonaia actniomjeosis lecencd pciiuillin (Tililc 11) In this pioup 
tlieie weie fi\e i-ecoveiies ind foui lailuies Since 1940 tliiiteen othei j) i 
tients who Ind pulniouua letinonneosis ln\c been sein b\ oui eollednUCs oi 
ourselves None of these patients leeenod iienieillin hut tliev vveie tieited In 
othei methods Onlj one of them appeals to hue iceovcied 
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Abdominal and Pchic Arfinomi/cosi \ — 1 ulit pitients who hid ihdominal 
'iclinonncosis and thiec jiatients who had jiehic actinonucosis icceivcd pern 
cillm (Tal)le III) Si\ ot those wlio had abdominal actinomvcosis lecnv 
‘led and two did not All ot those who had pehic utinonucasis locoveud (M 
'•iNtccii patients witli alidonuiul ictiiionueosis wlio did not tcnui ptnifillin 
onlj thice appeal to iiave eoinpletelv lecovcud 
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(OMMl \r 

Tile lesuUs of tins studv ippcii to indicafL tint iienieiUm is an effectut 
Uent in the tieitnient ot ictiiiomveosis its ifteetucness \ av ni^ somewint with 
oil looition of tile lesion As is tiue ni mast iniections actinomvcosis vanes 
f'l’catlv in diffeient individuals Appuicnth in some cases ot mild actiiioniv 
complete leeovei’v fioiu the infection oecuis vvitliout tieatment How 
I* ‘spontaneous lecovei} occius is difficult to deteimiiic foi it is not until 
G disease lias hecoiiie quite e\tensuc that i clinic d aid haoteiioloffie di ip;nos]s 
111 he made Howevei, wlieii the infection his become well established spon 
t-nicous ernes occui onlj laieb 

C-eivicof icnl actinomvcosis Ins lesponded vvell to sevei il methods of tieat 
•nent ^ I*iolonged suif^ie il diaim„e ioentr,eii thei ijiv and idmnasti ition of 
'odides and some ot tlie sultonimick compounds li ivt piovcd of value in tin 
‘J 'linent of letinomv cosis when it involves the neck oi face Howcvei inni 
I’ ippLu-s to hue dcfinitelv shoitencd the dilution ot the infection aid tlu 
ol tiiitniont In cases of ctivieoficnl ictinoni} cosis of slioit dm ition 
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the us( of pcmcillm alone ha. icsulted m cuies When the infection has ten 
extensn e and of long duration, use of penicillin has been combined with surgical 
tieatment In most of the cases in Avhich penicillin has been used, the smuses 
closed lapidh and the patients lecoveied completely in a f 

Eien the tivo patients ivho did not leeovei completely impioved "J'' 

undei tieatment Drainage from the sinuses ceased entirely and d^e m c Uon 
appealed to be cm eel at the time tieatment was discontinued How 
tSe two patients eMdenee of active infection appeared again several month. 

111 some cases of cervicofacial actinomycosis death occurs 
of the infection into the meninges One of our patients was cii ’ 

evidence oi meningitis secoiidaiv to ceivicofacial actinomycosis 1 emcilhinva, 
admiiiisteied foi si\ weeks and the patient lecoveied 

Pulmonaiy actiiiom) cosis neaily alwajs has been a 
disease The prognosis has been pai-ticiilaily mifavoiable when P 
of the huig has been inv aded The usual methods of <,{ 

efteetive in most eases The leeoveiy, after tieatmen vn 
of our nine patients who had pulmonaiy actinomycosis , > 

couiaguig Moieovci, two ot the patients for ^ 

failuies aie ui good general condition, although tliey still have 

disease . , (7oodrcs"bs 

Abdominal actniomv eosis has always been a ^ "jg of tieat 

have been obtained in occasional patients by seveial di eien 
raeiit'= Howevei, the peieentage of patients who . gicentof 

very gieat and the piognosis, theiefoie, has been pool ^ ^^overed U 

tlie patients with abdominal actinomycosis vvlio received penici 
appears, therefore, that penicillin is a veiy efteetive cheniotlieiapeui 
m the tieatment of abdominal actinomycosis ^ 

Actinomycosis involving the pelvic visceia m women 
a localized form ot abdominal actinomycosis Howevei, tne i n 
actinomycosis involves the pelvic oigans has been extreme ' jipat 

few recoveries ever have been lepoited The lecoveiy, t eie ’ gj^uig thf 
ment with peiiieillm, of the three women who had actniomj cosis 
pelvic viscera seems particularly significant ^ ^ least 500 .^®® 


111 the tieatment of all tv pcs of actinomycosis, a dosage o a 

•• . 1 UlTl fiV^ 


All Liic ticaLiLicni- Vi txxx vjijw Vi - • fi nvenOUSh ^ 

units of pemcilliu daily admuiistered mtiamusculaily oi in jj.2^nage 
period of six wrecks appears to achieve the best results 
indicated if abscesses are present peiiicill"' 

Because we have been attempting to evaluate the suig'^^' 

m the tieatment of actuiomj cosis, othei forms of therapy, asic gg,yeUi 
drainage oi excision of diseased tissue, have been avoided so 
the tieatment of oni patients It seems possible, ^ aniouib'’ 

results can be achieved in the fntiiie if administration ot a e 
penicillin is combined with the use of sulfonamide compoiin 
mvciii 
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SUAIM VIl\ 

l'oi1yM\ patients wJio iiad ictmoinj cosis weic tu itcd with pemeillin and 
have been followed loi pciiods oi liom one to fi\e >c irs Of t\\eut^ si\ patients 
suffering fiom cenicofaual ictinoni\ cosis, t\vent\ tom Iiad e\cellent lesults 
These results iieie obtuined aftei in a\eragc peiiod of tieatment of less than 
ti\o months, a peiiod sigmfieantlj less than the usual length of time lequired to 
obtain comparable results nhen pemcjllin nas not used Of nine patients who 
had pulmonary actiiiomj eosis, recovered Of eight patients nho had ab 
(lommal actinomycosis, si\ recovered All thice patients nho hid pelvic ac 
tmomycosis recoiered Ail strains of Actinomyces hoii\ cultuied from these 
patients were scnsitne to penicillin in \itio Tlieiefoic pemcillm appears to 
be an effeetue chemotherapeutic 'igent in the tuatnicnt of actinoinjcosis and 
a useful adjunct to othei loims ot therapy 


Rtpratnsci^ 
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W B Jr Penicillin in tbc Trcntnieiit of Infections a iteport of 500 Cases 
J ^ M L 122 1217 1224, 1943 

d aerreii, W E, Nicliols O R, nnd Hcilniaii Dorothv H Penicillin Its Usefulriesa 
r^mitations, Diffu ion and Detection With inahsis of 1 lO Cases m Which It 
d n V ^ ^ 125 1003 1010 1944 

isonan B Ji and Sonno G S Cenicofnci il Actinoinvcosis Succossfulh Irevtcd b> 
_ , and Repeated Aspirations Delaware State 31 J 17 213 214 1945 

I nccKer, H R The Treatment of Thoracic Vctinonijcosia bj Penicillin and Sulfon 

R u. ^ Thoracic Surg 16 430 440 1040 

•nammon K J c, and Kirkpatrick, ET J R Actinomycosis Successfully Treated 
7 T IT P®"^«bin Report of Two Cases Bnt Jf J 2 728 1945 
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AlATEKxXAL ISOLAhMlNlZATlON WITHOUT EVIDENCE UE ULiNTJVL 
ERVTHROBLASTOSIS EETALIS IN THE NEWBORN 


Willi L Do^ohlc, M A , j\[ D , \ad I Akihuk ERrMLh, M D® 

Toronto, Cvxada 


O NE ot the niaii\ pioblems which lemam to be solved iii the field of RliHi 
isoinimiinizatioii oi sensitization is why tlie occasional iiitant possessiiig the 
antigenic tactois against i\huli the mothei is isoimiiuimzed is bom health) and 
shoMs no subsequent ecidence ot ti\ tluoblastosis Occasionalh, in sijch tasi', 
the conccntiatioii ot antibodies ot both the eailj" iiiiiiiuiie and hypeiimimme tijii 
is suipiisingh high An explan.ition ot this phenomenon inav possibly iiiiuidi 
a basis ioi the decelopnient ot moie eftective methods ot tieatiiig the sensitized 
mothei to lessen oi abolish the deleteiioiis eftetls ot the antibodies on the fetus 
Instances ot noimal Rh-positi\e inlants boin to motheis isoimniumzLd 
against one oi moie ot the tactois which the iiiiaiit has iiiheiitecl tiom the iatkr 
mas he dnided into two catogoiies 

1 Cases 111 which the immunization w'as discoccied at oi ncai tcini mth 
deal cut histon ot a pucioiish aftected nitant 

2 The extiemoh laie ease in wdiich theie wxis a histoi) of a pieiunid' 


aftected nitant 

Scweial icpoits ha\e a])peaied in the htciatuie ot clinically noinidl Hh 
positue intants hoin to Rh-negatne motheis whose blood contamecl Rh anti 
bodies In the maioiitc of these lepoits theie Avas no cleai cut histon ol a 
pie\ious child suffeiing fioin en tluoblastosis Possibly, ni these cases, tin 
])ioduction ot antibodies had been initiated too late in piegnaiicj to haie le 
suited in significant disease ot the letus oi the concentiation ol antibodies I'as 
at no time suffieunt to cause tetal damage 

It IS piobabh collect to assume that once isoimmunization against one or 
moie oi the Rli-Hi factois has been established, eithei as a lesiilt of piegnaiin 
01 tiaiistusion, it is peimanent eyen though the pieseiice of antibodies cannot e 
detected be piesent laboiatoic inetliods Bxpeiience has shown that m theiisiu 
( 0111 sc ot ecents it a mothei has been immunized against one oi nioie of ' 
Rli Hi t letois and has home a child with eiy tluoblastosis, all subseiineut m aiis 
who mheiit one oi moie of the tactois against which the mothei is isoininium^r 
will siiftci tioin ei A tluoblastosis Fiuthciinore, each succeeding 
nsiialh aftected to a gieatei degiee tlian its immediate piedecessoi 
hei monogiapli, lepeatedh substantiates tins vieAvpomt moie oi less categoin*'^^ 
and inteis that theie aie no exceptions to this geneial iiile She was iina e 
find aiiA examples in the liteiatuie Avhcie a noimal Eh-positiA'e intnnt ^ 
to a mothei who had pieAuoiisly gnen bath to an nitant siifteiing fio>'r ei' 
blastosis 

Buinham,- Hoekeiay and Sachs,® Golclbloom and Eubinski,® and 
and l\Iillei'’ all hace deseiibed eases in Ailucli apiiaicnth noimal Rlipa''' 

1. 

From the L'lboiatorv of The Hospital foi Sick Children and the Department e 
and UacUrioIosA Inneisitj of Toionto 

Vided bN a fciant froni the Bantinj? Reseaich Foundation 
Rt-cei\cd for publication Sept 4 1947 
•Fellow in PlthoIoK^ The HospitU Cat Sick Chlldien 
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iiifjiits A\cic 1)0111 lo inotlitis A\lio t\Iiil)itcd it oi iil ii teiin Kii iiitibodies In 
uouc of the lepoitb was theic coirIusuc t\i(lenet of a ]>ieMous LijthioblaiitotK 
infant 

]Jem\® published in e\aiiii)le ot se\eie entbiobl istosis in one of Rh positive 
identical twins, with onI\ inilcl ni inilest itioiis in the otiiii Both ot the twins 
sunned The motliei w is Rline^itne and the iithei Rh positive The 
motliei’b blood piesiiniablv cont lined antibodies in hi^di titei The iiiothei s 
pievioiLs obstetnc histon was is loHows Theic weic tom siueissive noimd 
piegnmcies m 1924 1927 1929 md 1932 In 1934 she ^ivc biith to twm^ 
one of whom w IS stillborn tlie othei lived toui horns md died ot Jienioiilu,,i 
In 1936 she ^ave bath to i sisteen pound stillborn iiilant md althou_h no dal i 
^\eie available, it w is lacsumed that this vv is a fat il case ot ietal livdiops 
Although one niiolit deiiv that the pic-^nmcics teinanitm,, m 1934 and 
1936 vveie eoneeined with Rh isonnnumization it is diflieult to espi tin the 
r,reat diftcience in the de„iee ol nuolvemtiit oi the setond set oi twins bom ot 
the list pieoiiinev botli ot wlioni siuvivtd Tlie authoi ])ostnlates a itii 
functional detect in tliat poition ot the pliccnt i siivm„ the twin with the mou 
seveie disease It would seem m this t ise th it othei f ictois besides tlie dui ition 
of action eoncenti ition and pe of antibodies ndhtcnccd the dckteiious eftci t 
of the antibodies on the ietal tissues Assuming th it tlie constitutional suscepli 
hilitv of the identical twins was the sune md tliat the niafeinal factois vveu 
toiLstant ioi both twins one has to toiuludc is did Denn tint the explanation 
fui tile variation was i functional diffeicnet m the poition ot the placinti 
''cmiio eacli twin It appeals tint the pi iceiit i ni iv ])la^ a si^uifie mt lole 
nithe piotection of tlie Ictus even if isoinimunizafion has been established 

Cappelk cites in example (Cisc 10) whieli is \i-i\ sugr^estive of noimal 
lihjiositue clnldien being boin attei ci \ tliiobl istosis lias been established in 
t^uihei oftspiing But, as Cappell points out however suggestive the ease hisloi\ 
^uav be, the cause of death in the e iihei iiitants w is not tulh ascertained since 
postmoilem exainin itions wei'e not done Cappell also states tint Pi St mbuiv * 
*^’id Dr Chownt both encountered eases in vvlucli a healthv un iffeeted Rh 
po-sitivc child was bom to an Rh negative niothei who had pievaoush dcliveicd 
child with seveie civ thioblastosis The data on the f imih studied bv St m 
^*urv* (Case 3), ilthoUoh veiv su^gcstiv e and piobablv valid emnolbo iceepted 
i'>dc6nitelj pioved since the childieii piesmncd to have sufteied tiom eivthio 
hljsfosLs antecedent to tlie noimal iiitant vveie boin piioi to the diseoveiv ot the 
fictoi and it is not stated wliethei oi not i postmortem was jierfoimed 
Rnmoiid'' has seen nine intants who showed no clmied evidence of eivthio 
I'ldstosis although thev weie all Rh positive and weic bom to women who vveie 
'•'^iiiiniunized to the Rh lactoi which then liabies had 

The two cases which wc ue lepoitin^ aie definite exceptions to the usual cx 
I’cnciicL loitunatclj the oppoitunitv pieseiited itself to studv tlieso tamdics 
''omc detail Wc believe that enough d it i vveie obt mied to jirove tliat i iiclv 

i!!;^<-rmiv b ue au entiuoblaslotie oflfspim„ iollovvodbv ilieiltliv mtant ol 

Now of Toronto 
tVV innlpog 
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identical oi sunilai Rh pattern It is felt that this lepoit is important as il 
establishes the fact that such cases do occui and thus offei's some hope that 
eientually a method of tieatment may be discovered wheieby the isommunize4 
uiothei can be assured of having a normal Eh-positive baby As far as ivecan 
determine, no unequivocal example similar to ours has yet been published 


Case 1 — Mrs M N" , Group 0, Bli negative, tde/ cde, Mr G N , Group 0, Eh jo'ihie, 
CDe/CDe (negative to anti c) 

On Julj 27, 1942, Mrs N i\as delivered of a full term male infant (P N), Group 0, 
Eh positive, CDe/cde The infant was sud to be normal and healthy but was mildly jaundiceJ 
on the second day of life The jaundice disappeared on the same day without treatment and 
the cluld has been perfectly well since No Eh studies were done on the mother at that tiof 
On May 30, 1945, Mrs N delivered a Group 0, Eh positive (tested with anti D only), 
full term female infant weighing 6 pounds 12 ounces Jaundice appeared on the fourth dar 
ind became inoreasinglv severe The infant had peculiar stiffening spells By the tune of 
admission to the Hospital for Sick Children, on the sixth day of life, the jaundice was atreme 
The livei was two fingerbreadths beloiv the right costal margin, but clinically the spleen ira- 
not palpated No nucleated or immature red cells w ere seen in the blood film The a j 
was treated wnth 100 ml of normal saline and 60 ml of blood of unknown Eh type m 
travenously Her condition deteriorated rapidly and respirations ceased seventeen hours er 
idmission, seven days after birth 

The mother’s serum, tested st\ days post partum, showed agglutinatmg or 
intibodies against Eh positive cells Neither titrations nor tests for blocking or yp^i®® 
tyqie of antibodies were done at this time , ^ 

A post mortem examination was performed The gross findings were severe 
hepatomegaly , splenomegaly, a maiked degree of kernicterus of the basal ganglia, m 
edema of the retroperitoneal tissues, and hemorrhages into the lung parenchyma 
SLopicallv there was a large amount of extramedullary hematopoiesis in the liver, wi ' * 
amount in the spleen Numerous macrophages containing blood pigment were p 
the liver and spleen The findings were in all respects typical of erythrobaso 
(icterus gravis) d 0 Eh 

On Max 7, 1946, Mrs N delivered a male full term mfant (F ^ 
positive, CDe/cde The infant was seen witlun a few hours of birth by a P® mother's 
his a particularly wide experience wath erythroblastosis and who, m vievv o 
past history, was expecting the baby to bo seierelv affected Throughout t le in 
stay in the maternity hospital there was at no time any clinical evidence o ery 
The Subsequent progress of the child has been normal pjocking 

The mother’s serum, tested Max 16, 1946, nine days post partum, jtcu"' 

hyperimmune antibodies only, to a dilution of 1 32 against both CDe and c 
milk tested at that time shoxved the presence of weak antibodies in 1 3 months p® * 

Mrs N ’s serum was again tested January 18, 1947, eight and one a (.,^ont f" ® 
partum, and agam only blocking or hvperimmune typo of antibodies vras 
dilution of 1 4 against both CDe and cDe cells 

Case 2 — Mrs L, Group O, Eh positive, CDe/CDe, Mr L, Group > 
cDE/cde ■* f, 0 Eh po=>h”' 

On March 21, 1940, Mrs L delivered a male infant (H L), ,g{jier require'! 

GDe/cDE The infant survived and xvas normal Following delixery^ le 0, Eh 


itie intant sumvea and xvas normal iioiiowiog uw--- ^ Group’ 

two transfusions One donor, a brother in law, xvas subsequently foun o 
positixe, CDe/cDE, and the other xxas Group 0, Eh positixe, cDE ^ pli po 

On February 23, 1944, Mrs L gave birtli to another boy (IE), ’ 


ili'ij 


CDe/cDE The infant surxived and xvas normal 


•Predicted by Dr Louis K Diamond xvUh his anti d serum 
the last child 


and suhsequentb 


prov 
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Oa April 1, 1940, the third boy (R L ) was born, Group 0 Rli positive, CDe/eDE 
Jaundice ivas noted at birth and graduaih becinie more sciere Two da}s after birth the 
infant was transferred to TJie Hospital for Sick Children Examination on admi sion re 
vealed a severely jaundiced baby with a palpable liver and aplei.n The red blood count was 
4,300,000 and the hemoglobin 11 9 grams Blood films howed manv polvchromatic red ceIN 
and IS normoblasts per 100 whit© blood cells The baby received a total of 46o ml of Group 
0 Rh negative blood* in ix transfusions over a seventeen d i) period Pla'sma and calcium 
gluconate were al o used m the treatment On discharge at 11) days of age with a hemo 
globm of 13 9 grams, the babj appeared cured Although the niotlier stares the child was 
physicallv shglitlj retarded at first m compan on with her other children sub equent develop 
meat has been normal 

The third babj was considered to have been a clinical case of erjthrobla tosjs The 
antibodies demonstrated m the mother were anti E botli early immune and lirperinimune 
and antic lijperimmune onlj Antibodv determinations on the mothers serum following 
the birth of this babj and prior to her last pregnanev were as shown m Table I 


Table L Vstibody Titer Mrs L 's Sepo^ tsi o K ows Ceixs 



CDe/CDO 

i 

CBE/cdo 1 

INFANT (R L ; 
CDe/cDB 1 

ede/ede 

DATE 

Pam 

QjglQSQ 


]W|3iE!2H 

IQQCQII 

010^29 

SALINE 1 

ALBLitlN 


0 1 

0 

1 32 

1 2a6 

0 1 

1 2o6 




0 1 

0 

1 64 

1 128 

- 1 

— 


1 4 


la January, 1947, it uas learned that Airs L uas again pregnant and tuo samples of 
lood were obtained prior to her delivery on Alarch 0, 1947 The fourth baby was a full term 
iwle Group 0, Rh positive CDe/cdc Because the child was expected to have a case of erjthro 
Iwtosu, ho was admitted to Tho Hospital for Sick Children one half hour after delivery and 
0 oived do dj throughout Ins eight day staj m the hospital Re'^ults of physical examina 
ton, red blood count, hemoglobin, and blood film were normal at all times On admi sion the 
emoglobm was 22 grams This fell gradually until the da> of discharge when it was 16 7 
bo treatment was given and the subsequent cour*^ and development of the child 
were normal 


Tvble ir Amibod\ Titfr, Mrr L ’s Sebum Ufaiao Known Cells 


DATE 

t cDE/cde 1 

1 cne/ede I 

1 CDe/CDe ] 

1 cde/cdo 

SMJNE 

VLBUAfiy 

SALINE 

ALBUMIN 

SALIN'^ 

ALBtillN 

1 SALINE 

M3UiirN 

'/J7/47 

Vll/4, 

_ 7/18/47 

0 

Q 

"o" 

*0 

1*4 

0 

0 

1 8 

1 G4 

1 16 

0 

0 

0 

1 4 

1 8 

1 4 


. ^"‘^duted cord serum and the infant’s serum on adrais'^ion exhibited weak antibodies 
t’Smb \*** CDe/cDE and Rh negative cells The infant s cells also gave a 4 plu-s 

'I'ablo ‘determinations during and following Mrs L ’s last pregnanej are shown m 

® 1 Unforfunatdj, blood from, tlie mother m the immediate postpartum period was 

not available 


COMMEbT 

It w considered that Cast 1 is a cleai cut example of a noimal Rh positive 
bom to an isoimmunized Rh negative mother subsequent to the 

Infant shoulU have received CDe/CDe blood but at the time of the child h 
‘ looor'R biwSl available for full Investigation of the case or Rh subt>-plDff of the 
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l)iith of an infant which suffeied fioin eivthioblaslosis seveie enough to cause 
death Agrglutinatin^ Rh antibodies weie denionstiated following the buth ot 
the second child, and postiiioiteiii levealed the cause of death of this child to he 
01 1 till oblast osis Rh antibodies of the hvpeiiminune vaiiety weie present 
follow iiio the buth of the last child which was Rh positne and chnicalb iioinwl 
Am explanation in the light of oiu lueseiit knowledge niust be pine eon]ectuic 
If one belies es that fetal eisthiocjtes iniist cioss the placental baiiiei to induce 
isoininiunwation, a possible explanation, in view of the lelatuely low titei oi 
antibodies (1 32 ) piesent aftei the buth of the thud and noimal child, is that 
dniing the thud piegnancv the placental baiiiei w^as intact at all times am 
that no fetal cells gained ontiance to the inateinal cucnlation to finthei stnmi 
late the piodiiction of antibodies to a sufficient le\el to cause fetal dania-e 
Against this tlicois is the fact that the titei is not a leliable index of the araoun 
ot damage antibodies mac cause Pieciuentlv we have encounteied persusten 
low antiboch titeis, as cleteinuned by the oidinaiv laboiaton inetho s toi t n 
agglutinating and blocking oi Inpeiinnnune tvpes, in cases wdicie tie m a 

w’as stillborn 01 sec ei eh imohcd , 

The eueuinstanccs in Case 2 aie such that a tentatue explaiuation oi 
noiinalitc ot the last bain is ]iossi))le The isoiinmnnizatiou of this 
C’De/CDc inotbei w'luch is of a lelativelv laie tepe, is a manifestation o 
antibody lesponse to two antigens, E and c If the lelative fieciuenc^ 
occiuience of antibodies is anc ciiteiion, E and c must be consi eie ^ 
antigens The necossais Rh and Hi factois to stimulate the piocnc 
antibodies found in the mothei s seiuin iveie piesent in the cliildten o 
thiee piegnancies all of which weie CDe/cDE, and in the tw’O 
CDe/cDE and cDE respectivelv Piesumablv thiee piegnancies dud tn 
fusions weie necessaic to stimulate autiliody piodnction to a su eien 
lesult in a mochiatelv seceie ease of eiitluoblastosis It ^ pKi! 

isoimiminization was initiated bv the two tianstusions following ^ 
nance hut the antihode concentiation did not leach a sufficient Piirii'!! 

sei ond piegiiance to lesult in clinical ei\ tluoblastosis ni that cn 
the thud piegnance both anti-G and anti c weie effective tlic 

PI vtluoce tes, the toimei appaientlv being the moie potent as aiitiE- 

titiations Piohabh the combined effect ot these antibodies, paiticiM 
was sufficient to lesnlt in cluucat disease in the infant In tlie as (he 

lesnlting in an Rh-positue, C'De/cde hoe, onh' anti-c evas ^ jiitan' 

tctal eietluocetes Although antibodies could be antihod' 

seiiim and adsoihed to Ins eietluocetes, appaientle’’ this one e cc g,al)k 
eeas not piesent m sutficient concent! ations to liae^e lesiilted ni ane 
damage to the infant’s led blood cells 


sueiei \RY 

Teeo eases aie lepoited of maternal Rh-Hi isoimmunization ee^ 
in infants suffeiing tiom eie tluoblastosis, in each ease tlie mot ici 
cpient piegnance, delieeud a dmicalle noimal babe passexsin., 
Rh-Hi iactoi against eehich she eems isoimmunizcd 
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, in > 

at m'' 



MVTCRNVL ISOIMMUNIZ VTION 


531 


We wish to acknowledge tlio kindness of Dr Louis K Diamond, Bo'^ton, Mass, for 
providing us mtli speciiic Kh antisera and for cheeking our result*! W o arc also much 
indebted to Mrs E M Hutchinson for her iblo technical assistance 


RErERENCCS 


1 Potter Edith L Bh Its Belation to Congenital Hemolytic Disease and to Intragroup 
Transfusion Eeaction , Clucago, 1947, The Icir Book Publishers, pp 1112 17, 77, 
12S 

” Bumlmni A M Tho Common Etiology of Erythroblastosis and Transfusion Vccidents 
in Pregnane^, Am J Chat A. Gjnee 42 3S9, 1941 
3 Dockera> Gerald C and Saehs^ Hans Rh Antibodies in tho Slatemal Circulation 
Without Clinical Manifestations of Erj throblastosis in tho Child, J Immunol 48 
241 1944 


4 Goldbloom, Vlton, and LubinsUi, Herbert Anti Eh Agglutinins m the Maternal Blood 
Without S^Tuptoms of Hemolytic Anemia m tho Newborn Infant J Pediat 28 
83, 1946 

0 Earihor Donald H, and ilillcr, Dorothj, I Evidence of Maternal Bh Sensitization 
^\ithout Evidence of Hemolytic Disease in the Newborn, Vm. J M Sc 212 32/, 
1946 


G Bemj, Nicliolas George Erjthroblastosis Fetalis m Identical Twins Im J Obst S, 
Gynec 47 354, 1944 

I Cappell, D F Tho Blood Group Rh, Part II Brit M J 2 641 1946 
S fetanbuxy W^S The Rh Factor Tho Canad M A J 67 363 1947 
J Diamond, L K Personal communication 



anemia op infection 

IX Of Adren^ectom\ and Off Adrinal Cortical Hobmonf o\ 

Hapoferremu and Other Blood Changes Assocuted With 
Injection oe Turpentine 


D N iALvjumder, M D and M M AVintrobe, M D , Ph D 
Salt Lake Cita, Utah 


accompanying infection, one ivhffb 
lemia^ In f ^ anemia associated Avith mfeetion is Inpoler 

in conclitioiT? nf t o which the adienal gland has been slioira to plai 

Mand is confP, desiiable to deteimiiie whethei oi not thb 

plasma non nnrT 7n ^ ^ hypofeiiemia Since a maiked tall in 

the foimei wns o owing injection of eithei tiiipentme oi staplnlococcp 
hA'pofeiiemn nf easily contioUabla means foi pioduemglhe 

m noimni nr 1 “ ^’amation In addition to obseivations on the plasn a non 
tuinentine n/o ^ lena eetomized lats following intiamusculai injections of 
counts aie’ieeoS ’n the total and difteieiitial ii lute cell 


M VTERIALS AND JIETHODS 

weighing ^-Prague Dswlej stniui, eaci 

into several fTio„n o i "l "ere u«ed in this studi The annuals were diviileo 

the dorsal route as dpL under Results Bil iteral adrenalectomj was performed 

capsule and to control "blwd ^ Fims,-* care being taken to avoid rupture of * 


capsule and to control ^ i™"* “““ Farns,< care being tasen lo avoiu rup.u.o «* - 

were illoned 1 nei o r during operation Following adreaalectomj, tliC'e amma 

the control Aft chloride as fluid The diet othenvise was the same a= tot ( 

adrenalectomized r^ts secured to establish the range of valuer f' 

toimzed rats '"iTnl'i^* inject 0 5 ml of turpentine m normal and m adremlei 

this dose of turn 'e normal controls, the adrenalectomized rats could not udiistan 

of trial and mm/" tliree out of seventeen survived for four hours Bj a prod- 

one winch could h ^ of 0 1 ml of turpentine per 100 grams body weight was selected a 
rats ^ adrenalectomized rats as well as to normal unadrenalevtomiM> 

tauied^frol hemoglobin and total and differential leucocjte counts was oh 

or four were uns / the animals For plasma iron determinations, groups of t rf< 

the case of nor * i*" 0 5 ml of 1 per cent Nembutal per 100 grams body we’g''^ 

Wien fullv anp/p f " 0 4 ml per 100 grams in the adrenalectomized wN 

dominal aorta abdomens were opened and blood was collected from the air 

plasma iron wa/ and pooled m iron free centrifuge tubes E timulmn o 

"'lobm was detP method of Barkan and Malker- Hen-o 

wbr/ll con . colorimeter 0 Total and d.ffcrenb^ 

latter purpo<=et»" usual teolunques, co^e^ shp preparations being useJ er 
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BESnCTS 

All data, saNC foi some of the values for phsma non vlueh consisted of 
single observations, have been c\ammcd bj Fishei s t test Mainland® 
has pointed out that this is the only valid method foi estimating the significance 
of means when the number of obseivatious in the senes is tliiitj or less 
Observations in Twenty One Nonndl and Fifteen Adt enaleetomized Rats — 
Data for nomial levels of hemoglobin, foi total and diffeiential vvliite cell counts 
and for plasma iron in normal and adrcnalectomized rats aie picsented in 
Table I The values for iron weie somewhat lovvei than had been observed 
in normal rats in previous exponments m tins laboratorv ° Although monocytes 
and eosinophiles were encountered in the differential counts values for these 
have not been entered m the table as thev geneially were few in numbei as com 
pared with other cells and nothing stiikmg was foimd about them Table I 
also gives the comparison of the mean values bv the ‘t” test aheadv referred 
to Comparing the values of “t” with those at the usualiv accepted level of sig 
mficance (that is, probabibty of 5 pci cent) it is seen that a significant inciease 
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NORMAI. j 

TOMIZED 

THE TWO 

\ALDFS 
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RATS 1 

RATS 

GROUPS ; 


T' ; 

MARKS 

t*ia ma iron 
(#»? per 
lOO ml J 

Number of ob 
eorrntioQS 
Mean 

Range * 
Standard 
deviation 

4 

202 

131 262 
±50 

5 

166 

133 252 
±49 

36 

±36 

100 , 

Not vig 
zuO 
cant 

iiemoglobm 

{Gtt per 
100 ml) 

dumber of ob 
serrations 
Mean 

Range 

Standard 

deviation 

14 

13 91 

12 Gd 15 15 
±0 77 

13 

14 94 

12 98 16 SO 
±1 24 

+3 03 

±0 39 

2 64 1 

SigniO 

cant 

lotal white 
(per 
cjttm ) 

Number of ob 
Ecrvationa 
Mean 

Range 

Standard 

deintion 

16 

18,17n 

10,950 31,000 
±6100 

14 

20 '>R9 

12 U00'"29 600 
±5,103 

+2 114 

±2 070 

102 Notajg 
nift 
cant 

phileg 

(per 

emm) 

Number of ob 
serration 
Mean 

Range 

Standard 

deviation 

16 

3 502 

1,403 6442 
±3 743 

14 

7 OtttJ 

3,»20"33 ITO 
±3,463 

43,691 

±969 2 

3 81 . 

Signifi 

cant 

a S E 1 
pM 1 

Number of ob 
Ber^atioD’i 
Mean 

Range 

Standard 

donation 

10 

14 021 
8,580 23 481 
±4,450 

14 

12 266 
7,023 14 800 
±2,123 

-1,755 

±1 285 

1 37 Not sjg 
n]6 
cant 


Calculated |j> dMdlns the difference in the mean taluea hy their atandard errors 
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lu hemoglobin and ni neutiophiles was obseived following adienalectoray but no 
significant changes could be deinonstiated in total white cell count, Umpho- 
cjtes, 01 plasma non 

Obseivations on the Effects of Injection of Twpentine m Nouml and 
Adi enalectomized Rats — 

1 In a senes of twenty one lats, niespective of individual weights, 0 5 ml 
of tuipentme ivas injected in the leg Blood studies weie made at intemlsof 
foui, eight, twelve, twenty-foiii, foitv-eight, and nmety six houis aftei uijection 
Data foi plasma non and hemoglobin obtained from these animals, collected 
m Table II, show a use in liemoglobin level leaching its nia\unum at tvehe 


Table II Fluctuations in Level op Plasma Iron and Hemogiobin in Eats Imecieb 
With 0 5 ml of Turpentine, and Significance of Hemoglobin "Values 
as Compared With Those for Normal Untraumatized Eats 




HEMOGLOBIN 

HOURS AFTER 

PLASILA HON 

GM PER 

VALUES OP 


INJECTION 

(flG/lOO MI ) 

100 ML 



4 

175 54 


3 451 


8 

117 90 

16 94 

6 06 1 


12 

73 70 

17 69 

7 56 f 


24 

47 02 

15 71 

3 8lJ 


4S 

152 96 

13 95 


a '* 

96 

159 89 


2 32 

- — 


•Mean of two obseivations only 
s Significant n s not slgniflcant 


liouis and a fall in plasma non i caching its lowest level at twenty foui 
A sudden diop of total leucoejdes and lymphocytes, accompanied by a sower 
diop in gianuloeytes, is evident fiom Pig 1, wheie the values foi these ia'<! 
been ehaited The significance of these values as compaied with data 
noimal unti aumatized contiols is indicated in Table III 


Tabie III Fiuctuation in Values fob White Cells in Kats Keceivinq Oo 

PENTINE AND TllEiR SIGNIFICANCE AS COMPABFD WlTH VALUES FOR 

Normal TJntraumatized Kats 


OP Tl-b 


HOURS 

AFTER 

INJEC 


TOTAL WHITE CELLS 


NUMBER 

PER 


VALUE 

OP 


LYMPHOCYTES 


NUMBER 

PER 


VALUE 

OF 


TION 

1 C Mil 1 

1 1 

1 REMARKS 1 

1 C MM 1 

1 

4 

11,583 

1 82 

n 3 

5,987 

3 05 

8 

6,667 

3 18'| 


4,546 

3 98 

12 

3,100 

4 18 V 

s 

1,985 

4 58 

24 

7,567 

2 92 J 


5,721 

312 

48 

12,500 

1 53 

n s 

9,783 

158 

96 

15,700* 

0 66 

n s 

10,889 

0 96 


REMARKS 


number 

PEP 
C MM 


n g 
n s 


5,497 

1,889 

961 

1,614 

2,240 

4,217 


y\lue 

OF 

( ir^‘ 

Tsb 
171 
2 67 

2on 

135 [ 
0 54J 


RElUP® 




♦Mean of two values only 
s Significant n s not significant 

2 In a senes of twenty-foui noraial uitact lats tuipentme ""‘is | 
in a dose of 0 1 ml pei 100 giams Data fioni these lats aie g^rats 

Tables IV and V As can be seen fioni Pig 2, with tins dose noinia jf„ic 

leacted in essentially the same mannei as those leceivmg 0 5 nil o i 
The leucocyte cnives exhibited inoie oi less the same featuics 
i-ats leceiving 0 5 nil of tuipenliiie, the diop in values was, owe i 
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T.vble IV Fl-ucti 3 atio>,s i]s Le\el of Piasma Iron and Hemogiobin Eats iNjEam 
With 0 1 ml op Turpentine, and Significance oi Hemoglobin VjIlues as 
CO itPARED With Thosf for Normal Untraumatized Eats 


HOURS AFTER 
INJECTIO'^ 

PLASil V IRON 
(mg/ 100 ML J i 

[ HESIOGLOBIV 

Oil PER 

100 ML 

\aVLUESOP 1 

1 

FEMARKS 

■i 

208 73 

14 92 

■■■■IKIiimiHH 

BS 

8 

148 51 

16 27 

513 t 


12 

137 23 

16 15 

4 76j 


21 

66 00 

14 67 

1 61 


48 

195 30 

13 97 

013 1 


96 

188 15 

13 83 

017 1 



s Significant n s not significant 


pieeipitous, the lowest \alue being delayed until twenty-foui horns aftei injec 
tion The significant diop in leucocytes oeeuiied at piaetically the same period, 
as wall be seen fiom Table V 


Table V 


Fluctuation in Values for White Cells in Rats Receiving 01 ml Of Tcepex 
TINE AND Their Significance as Compared With Values for 
Normal Un traumatized Rats 


HOURS 

[ TOTAL WHITE CELLS | 

1 lamphocytes 

1 

AFTER 

NUMBER 

1 VVLUE 

\ j 

NUMBER 

VAI UE 



INJEG 

PER 

1 OF 


PER 

OF 



TION 

C MM 

{ ir^T t 

1 REMARKS 1 

C MM 


REMARKS 



NEUTROFHILLS 


number 

PER 
C MM 


lALUE 

OF 


FEUABRS 


4 

10,967 

1 99 

n s 


2 61 1 

3,688 

8 

0,517 

3 50 1 


3,277 


3,182 

12 

5,750 

3 43 ^ 

s 

4,119 

3 74 r “ 

1,532 

24 

3,583 

4 04 J 


2,713 

4 291 

794 

48 

11,833 

172 1 

n s 

9,425 



96 

18,700 

013 ! 

13,735 

OlOJ 

4,577 


013 
111 
2 08 
2 85 
158 
0 97 


SA. 


3 Significant n a not significant 

3 In twentv-foul adienalectomized lats 0 1 ml of tuipentme per 100 
weight was injected and data collected as befoie As is evident fiom 
although theie w'as the same tendency towaid a fall in plasma iron an a ^ 
in hemoglobin cuive wathin the fiist twelve houis as m traumatized 
tomized lats, the subsequent changes diffeied niaikedly Thus Table 
out the fact that fiom tw^enty-fom houxs and on aftei injection, the 
m these animals seemed to be stabilized at a significantly low'er level than 
injection and, eoncuiientlv, tbeie was a definite lag in the use of the p 
non curve 

T.vble VI Fluctuations in Levei of Pl.vsm v Iron and Hemoglobin in 

Rats Receiving 0 1 ml of Turpentine, and Significance op Hemoglobin 
vs CojtPARED With Those for Untraumatized Adbenalectomized 


HOURS VFTEE 
INJECTION 

PLiVSMA IRON 
(gG/100 ML ) 

GM PER 

100 MI 

hemoglobin 

VALUES Oi 1 

iitpyf 1 


4 

150 65 

I4 86 

0101 


8 

117 22 

16 17 

132 ^ 


12 

52 76 

15 52 

0 73/ 


24 

69 ON 

12 63 

2 88-1 

s. 

48 

88 58 

13 22 

2 24 t 


06 

96 02 

12 61 

2 87j 



s Significant n s not significant 
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S 3 Changes In pkunia Iron hemoglobin anJ white cells In adrenalectomizcd rats receiving 
0 1 ml of turpentine per 100 grams Injected at 0 hour 


, regard to the leucocyte pictuie, theie \\as a marked departure fiom 

e pattern observed m all the pievious groups in that no significant alterations 
took place (Pig 3 , Table VII) 


Table VU pLucruATiONS in Values fou AVuite Cells in ADKENALEcTOiiizEP Bats Keceiv 
0 U 1 ML OF TuEPENTINE AND TlIEIR SIGNIFICANCE AS COMIARED AViTH THOSE 
FOR Untraumatized Adbenalectomized Bats 


nouEs 

after 

INJEC 

TIOS 


1 total WUITE CELLS I 

1 LAMFIIOCYTES I 

1 NEUTROPUILES 

FER 

CMM ' 

AALUB I 
OP 

"T 1 

REirARKSi 

NUMBER 

1 ER 
CMM 

VALUE 1 
OF 1 

T i 

REM LESS 

NUMBER 1 
PER 1 
CMM j 

\ALUE 

OF 
‘T ’ 

REMARKS 


12 

2i 

48 


22,167 
16,817 
14,284 
13 933 
‘’0 300 


0 20 
0(31 
114 
190 
2 08 
0 00 


*’3. Not significant 




14 234 

1 19 " 


4 874 

1 17 



14 384 

164 


7 532 

012 


n s 

11 078 

0 70 

n 3 

5 365 

0 82 


9,750 

174 

4 134 

143 



9 750 

1 09 


3 828 

1 65 

J 


12 720 

0 30 


6 940 

0 14 


sents Effects of Cottical Ilonnoiie on Normal Rats — In a 

hiusp ^ ) tiienty intact normal lats adienal cortical extract* uas injected intn 
^oses of 1 0 ml pei rat AAithout regard to individual weights 
double that used by Dougliert> and White'° in their experiments 
'^^osen adiisedly in ordei to empliaaize the effects if anj of cortical 
0 on the le\el of plasma non m nts ^Vs is evident from Fig 4, there 


final cortical extract was furnished b> 


the Upjohn Conipan> 


Kalamazoo Midi. 
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Fig 4 — Changes in plasma Iron hemoglobin and white cells in noraal intact rats rec 
1 0 ml of cortical hormone injected at 0 hour 


TitBLE VIII Fluctuations in Level op Plasma Iron and Hemoglobin in Ha 
ML OP Cortical Hormone, and Significance op HEiiooLOBiN \ alues as 

With Those for Normal Eats Not Eeceiving Such injection _ 


HOURS AFTER 
IN JI CTION 


PLjtSMA IRON 

(mQ/100 ml ) 


GM PER 
100 ML 


4 

217 34 

14 42 

8 

172 71 

14 01 

12 

166 SI 

13 96 

24 

196 81 

14 39 

48 

222 39 

14 68 

96 

172 71 

14 86 


HEMOGLOBIN 


VALUES OF 

Uo 
0 21 
010 
0 86 
119 
2 02 


reuakks 


ns 


•Mean of two obsei\atlons only 
n s Not significant 


Table IX Fluctuations in Number op White Cells in fob 

TicvL Hormone and Their Significance as CoMP^tRED With va 
Normal Kvts Not Eeceiving Such Injections 

"neut^^^ 


OfCt' 


HOtTS 

TOTAL ATHITE 

cells 

LVilPHOCYTES 

VFTEr 

NUMBEP 

VALUE 


NUMBER 

VALUE 


i\atc 

PEP 

OF 


PER 

OP 


TlO\ 

C MM 

(( 

REMARKS 

C 3IM: 


remarks 

4 

12,733 

150 N 


5,637 

3 11 3 


S 

14,300 

108 


6,992 

2 67 

I" 3 

12 

14,167 

110 


7,106 

2 62 J 


24 

14,633 

0 96 

r 

u a 

10,110 

147 3 


48 

15,883 

0 63 


11,746 

0 86 

^ n 9 

96 

21,033 

0 77 J 


13,650 

013 J 




s Significant n s not significant. 
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did not seem to bo nnich sanation m the le\e1s of phsraa iron or hemoglobin 
This impression is confiimed also bj e\ainiintioii of Table VIII -nlieie the lalues 
for these rats ha\e been summaiized 

The behiMor of the leucocjtes ^el3 stiikiiig ho\\e\ei, as is e\iaeiit 
from Fig 4 'Witluu foiu hoius aftei nuectiou tlieie i\as a fall in the numbei 
of braphocjtes, iiith a coiiespoiidmg ineicasc in the numbei of neutiophiles as 
well IS some ^ uiation in the total \\hite cells The signifitante of these ^aiia 
tions IS guen in Table IX 


DISCUSSION 

Neither adienalectomy noi injection of coitical honnoiiL pioduced an\ 
sigmficant change in the \aIuL of plasma non in noimal lats On the othei 
hand, both in noimal intact and in idienaleetoniized lats the injection of Un 
pentme ms immediately followed b> a significant diop in the level of plasma 
imu Thus h\^lofellemla following tuipeiitine injection is independent of the 
presence or absencL of the adieiial glands in rats Howtvei the hvpofericmia 
seemed to persist longei in adicnalectomized than in nonadienalectomizcd lats 
Puifher, m adienalectomizcd lats, this piolonged lijpofeiiemia was associated 
uith a siomficanflj lowei level of hemoglobin It aiipeai's, theiefore that the 
adieual gland ma> be lelated m some waj to the quick lecovcij fiom hvpo 
ferrtmia which occui's in intact rats injected with tuipentme and to the niaui 
tcuance of the noimal hemoglobin level 

Adrenalectomy was followed bj a significant iisc in heinoglobm values in 
rats This was probablj due to hemoconcentiation which is known to occiu 
in most animals aftei adieualeetomj No significant change in hemoglobin was 
noticed lu normal lats on injection of coitical hormone The immediate effect 
of turpentine injection on the iiemoglobm values ot both noimal and adicnal 
ectoniized rats was a sudden use This was moie maiked in the noimal than in 
the adicnalectomized lats 

The number of total leucocytes was not significantly alteied either v 
adrenalectomy oi by injection of coitical lionnone m noimal i its Oiu find 
*ngs, heiL, aio not ui agieement with those of Doiigheity and AVhite^'^ in whose 
Innds theie was an luciease following adieinlectomv and a deciease on mjec 
tion of cortical extract Coiey ind Button‘d observed a fill in Icucocvtcs in cats 
folloinn^ adienalectoiin The effect of tuipciitine injection on tlie total leiico 
‘■'tes of normal intact lats and adieu dcctoimzcd lats diffeied mail edly In the 
aornial nonadienalectomizcd lats theie was a sharp and significmt lop in 
leueoejtes, iii tlie adieinlectoimzed lats, on the confran no sueli significant fall 
was noticed It seems, theiefoie, that the adieinl ghnd mas be in some ssaj 
connected nith the poriplieial leiicopenii tliat occiii-s in noiiinl lats following 
Inrpeiitme injection 

Botli adiemlectom} and the injection of coitical extiaet in noimal rids 
oaused a significant use in the numbei of neutiophiles These lesults are diffi 
cult to mterpict The tuipeiitiuc injection caused a significant drop of neu 
Ifopliilcs m noimal nts hut no such effeit « is obsenable in idi enilectomized 
rats 
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In oul hands, adrenalectomy did not significantly altei the number of 
lymphocytes The injection of coitieal hoimone in noimal lats, however, pro- 
duced a significant diop in the numbei of lymphocytes and this finding is m 
accord mth that of Dougherty and 'White The effect of tm-pentine mjec 
tion on the lymphocytes was the same as on neutiophiles inasmuch as it pro 
duced a significant drop in the noimal intact animals but none at all in adienalec 
tomized lats 

Piom the foregoing, it is clear that although the adrenal gland does uof 
affect hypofeiremia as such, its presence may possibly be necessary for the 
quick recovery from hypoteiiemia as well as foi the delay in the onset of anemia 
such as occurs from turpentine injection The adienal gland may also be in 
volved in the leucopenia which follows the injection of tuipentine 


SUMMVRA AND CONCLUSION 

A senes ot one huudied tw'enty-eight albino lats was used in this stud' 
Of these, twenty one seived as noimal controls, forty-five received injectiom 
of tnipentme in two separate gioups in doses of 0 5 and 01 ml, lespectiveh, 
while twenty weie injected with adienal cortical extiact Of the remaining 
foity-two, wdiicli weie all adienalectomrzed, fifteen seived as controls, tnaf) 
foui leceived 0 1 ml and three 0 5 ml of turpentine Plasma non, hemoglobin, 
total and diffeiential wdiite cell counts were deteimiued in these animals n 
loi matron legaiding the original data has been condensed into a number o 
tables and the significarrce tested 

The following conolusions have been reached 

1 The adrenal gland has no effect on the normal level of plasma iron ® 

rats, noi does it affect the hypofeiiemia which results m these animals mm 
turpentine injection , 

2 The adienal gland may, howevei, be related nr some way to the giuc 
recovery from hypofeiremia induced by the injection of tuipentine 

3 The adi enal gland does not seem to have any influence on the mauitenan 

of the noimal hemoglobin level in lats, though undei conditions of stress, sue 
tuipentine injection, it may plav some role in pieventing a drop m the eve 
hemoglobin that might otheivvuse occur ,j ,3 

4 The adrenal gland is intimately concerned with the peiipheial 
that follows tuipentine injection in noimal lats This lencopema 
lymphocytes and gianulocytes and was not obseived in adrenalectoniize i 

The guidance of Dr George Sajers la performing the adreuilectonuea is a 
acknowledged 
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IDIOPATHIC (FAMILIAL) HYPOPEOTHROMBINEMIA 

P vuL Stickney Ha.gen, M D , and Cecil James Watson, SI D 
Minneapolis, jVLnn 


R hoads and Pitz-Hugh m 1941^ firet lecoided an instance of idiopathic 
hypopiothiombinemia as the basis foi an hemorihagic diathesis Since then 
eight'^ additional cases have been lepoited -■ ® Hypopiothiombinemia has 
been noted in seveial individuals otheiwise noimal oi in pei’sons ivlio liaiehad 
onlv one significant bleeding episode Paiiiihal hypopiotliiombineniia 

has been denionstiated in at least foui instances -> 


ilost of the patients thus fai lepoited weie not followed in detail o\cr a 
long peiiod of yeais Some lepoits lack sufficient data to establish beyond donht 
that the piolonged piothiombm time is due to piothiombin deficiency Table I 
sunimaiizes the cases of idiopathic hypopiothrombinemia fioin the hteiatuie 
The patient who foimed the basis foi the piesent study was seen lepeatedl' 
since Deeenibei, 1937, on vaiious seiviees at the Univeisity Hospital Besides 
nunieious outpatient -visits theie weie foity-seven hospital admissions Dmnig 
this peiiod a consideiable mass of chmcal and laboiatoiy data was collect 
The purpose of the piesent lepoit is to summaiize these obseivatious, to descii e 
lecent and moie detailed studies of the patient’s abnoiniality, and to compaie 
the mfoimation gained with that contained in the liteiatuie 


CASE REPORT 

J L, a 20} ear old female domestic, first visited the University Hospital Out 
Department in December, 1937, for study and treatment of an eight year bleeding ea 
Fait Health — Birth and neonatal periods, as well as subsequent development, 
tirely normal The patient had the usual cluldliood diseases, but except for the hem 
tendency her past health nas good , 

Family History — The parents were of Swedish extraction Their faniihea ha 
relatives in common The mother’s paternal grandmother was said to he a ^ ® m the 

mother had always bruised easily but had never had abnormal bleeding No one e ® 
patient’s ancestry was known to have a hemorrhagic tendency The patientjs 
normal except that the voungest, now 13 years old, had severe melena at 2 
One bi other (R ) had severe rheumatic fever Detailed studies of tlie immediate ai 


be given 

Present Illness — ^Nothing abnormal was observed until the child vvas - y® 
when she developed a swollen, discolored, painful left knee apparently without 
that time on the course was characterized by recurrent episodes of various pam 
epistaxis (up to the menarche), ecchyonotic areas and deep, painful hematomas, ho 1 aj 
spontaneous and obviously posttraumatic, persistent bleeding from ^Bceration*!, a 
ot petecbiae especially over the buttocks, abdominal pain, and menorrhagia an m 
from the onset of menses until a recent hysterectomy It would be difflaid^ to 
patient hid true hemartbrosis The yomts usually were not swollen, blood was no 
ind no limitation of motion of any joint resulted There never was signifiiBB 


From the Department of Medicine Unlversitj of Minnesota Hospital 
Received for publication April 5 1948 ^ lowed bb 

•Beard s case cited bj Quick'* • is not included since recent studj * s 1 
protlirombmemia 
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The patient i\as first admitted to the University Hospital in JIarch, 193S, for rarioua 
studies From then until the onset of menstruation in January, 1911, there were three 
admi'-sions for epista\is or prolonged bleeding from a laceration From the nienatche until 
h}stpreotom> m September, 1915, theie were tlurtj seven admissions concerned ptinanlv 
vfith the uterine bleeding Moreover, the other sjmptonis mentioned recurred over this 
period 

After the hj sterectomy there were four hospitalizations lieie and one ebeiiliere Tivo 
weie for exacerbations of eccli5moses, painful deep hematomas, and vaiious joint ache’, wink 
three admissions were for probable intra abdominal liemorihage Pelvic hematomas were 
present on two occasions The last admission was in March, 19f7 

Various studies were made and a variety of medications was tried during the^e ho 
pitalizations However, no cause for the bleediug other than hy poprothrombinenna was 
demonstrated Although vitamin K preparations, vitamin C, various hormones, and ot ot 
drugs were used rppeatedly, the only effective theiapeutic measure was transfusion of bl 
or plasma 

The patient was reeeiv ing almost weekly infusions of plasma at the time of wntUo 
This minimized but did not elimmato entirely the tendency to ecchymoses and deep hematoma 
The joint aches, however, seemed to be well controlled The last five hospitalizations oeouir 
during peiiods when the plasma injections were not given with regularity 

Phy<nml Examination —The patient was a well developed, robust appearing yoimg 
woman Examinations usually were witlun normal limits except for tlie ecclivmo 't' 
and the deep liematomas from time to time The lieniatomas usually were in t e e\ 
especially the lower extremities No cardiac abnormalities were noted The liver an 
were not enlaiged No spider nevi were seen A pelvic hematoma largo enougi o ^ 
cervix to the intioitus and palpable three fingers above the symphysis pubis was pre^ 
mentioned In recent vears no significant abnormalities were noted about the 
when there was aching, none had limitation of motion Neurological examination a wa 
normal 

Lahoratoiy Findings — Approximatelv 900 laboratory results wore recorded 
be summarized as follow s ^ 

The hemoglobin and erythrocyte values were normal except during the 
hemorrhages The lowest levels resulting from epistaxis and laceration were 


Table II 


Cephalin Cholesterol Floccdlatio'i 


DVTE I 2-1 HR 


5/17/44 

3+ 

8/23/44 

3-h 

8/29/44 

4+ 

12/11/44 

1+ 

12/13/44 

2+ 

3/ 4/46 

1+ 

12/30/46 

1-f 

3/22/47 

2+ 



globm and 3,350,000 red blood cells, while during the period of uteime ee 
fell as low as 4 4 Gm hemoglobm and 1,460,000 red blood cells White ^ e?, 

and platelet estimations were normal Bcsults of bone marrow examina ion ^ 
were not remarkable Urinalvses showed no abnormalities if t-alcium xxi 

examined Neither gross nor microscopic hematuria ever was proved ^erv 

vitamin C levels were normal Plasma proteins including fibrinogen repea tvfS 

within normal limits Serologic tests for syphilis were negativ f '^'!!/\!,melv a pO 


was A Liver function tests consistently showed only one aberration, j 

cephalin cholesterol flocculation test, as detailed in Table II Serum i ' 

* ' _ „ otr was tuev. 


normal except for ono elevation noted in 1941 — an icterus index of 35 wliic w 
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da}s bter and found to be 4 There were no symptoms of hepatitis noted at that time or 
recalled bj the patient She Iiail received 1,000 c c of blood the preceding two da >3 but no 
reaction was noted Thjniol turbidity, bromsulfalcin urine and fecal urobilinogen urine 
coproporphyrin, cholesterol, cholesterol esters, alkaline pho'^pliatnht hippune acid e\cretion 
galacto«e tolerance and stercobilm clearnnLe tests were all within normal hnuts 

The usual tests of hemostasis variable re ults Si\t\ three per eent of fortj nine 
clotting tune determinations were prolonged The clotting time was prolonged to aa minutes 
twice once m 1038 and again in 1947 -ipproMniafcU 40 per cent of thirteen retraction 
ptudjcs were abnormal Bleeding times were prolonged in 43 per rent of fort\ i\ tost 
Bleeding time recentlj was over 37 minutes, but u««uall} when prolonged it was oulj mildh 
fo The cutf test was usually negative onij two tests out of tliirteen were positue 
Protlirombm times were consistently clexated and in the same range oxer this period as 
lUustrated by Table IIT 


PBOTimOMHIN Tlircs (QUICK) 
(SEC) 


concevtuatiok of 

PROTHROMBIN IV 


DiTE* ) 

COVTROL i 

j n 

j tlasma {%) 

5 / g/3s 

12 

81 

< 5 

0/17/44 

11 

C7 

< 5 

7/13/41 

11 5 

52 5 

<10 

8/23/44 

12 

50 

<10 

8 / S/44 

12 

74 

< 5 

0/->0/44 

12 

47 

<10 

10/13/44 

12 5 

57 

5 

wmi 

12 

56 5 

5 

0/30/47 

1-5 

475 

<10 

// 3/47 

12 

52 5 

<10 


whirx» irom approxlmatelj I-iO determinations on the basis of the control values 

QuI^s^ chart* ” 3 ll to 1 o second range This facilitates expres Ion in per cent by 


Special Studies — As Quick* lias emphasized prothrombin is estimated b^ 
a measure of its activity The estimation is based upon certain ^ssulnptlons 
To pioxe that a delay in piothrombm time is due to piothiombin deficienc\ 
itUer possible causes must he excluded Sexeial studies Axcie nnde in the present 
case With this objective in mind 


Table IV Cloptino Time oi Recalcihed Pi xsmxh 



LOW SPEED 1 

HIGH SPEED 

VENOUS 



CEVTRIFUOXTION j 

CEVTBirUQATION 

CIOTTINO TIME, 

PKOTIinOilBIN 

T" -T~ — - 

(SEC ) 1 

(SEC ) 

(MIN ) 1 

TIME 


^anphibac plasma 281 433 55 17 5/18 (control) 

s plasma 74 ^ 7V>0 51 30 7/14 4 (control) 


1 Effect of Platelets In Quick s test the throiuboplastio faetoi is assumed 
^ le eliniiuated by tlie addition of an excess of thiomboplistin Neieitheless 
thouglit of mteiest to examme the cftect of platelets lu the piesent case 
113 was done by compaiing the iccakified clotting times of low and high speed 
^enttifugaljzed plasma as outlined by Quick'* The test was earned out® 
" , , the lesults outlined m Table IV These lesults reveal a bcha\ioi quite 
m hemopliilia 

Elaine Daughenbaugh Inatructor School of McJIcal Tecbnologi Lnn rsltj 
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T ,^4-irv Tin <5 <?tudv was made in order 

2 Eiect of Punfied P) the convexsioii of piothtombu, 

to exclude the possibility of an i^texfeie c ^ 

This might be caused by a acceleiator factoi (Aeglobulmi 

recently suggested," by a of Seegeis and associate." 

Puiified piothiombin- was ^ nio-iessive eoncentiatioiis of this mate 

A comparison was made of the effect o p o pi,, a, a, and plasma 

rial on the prothrombin times ot old plasma, 

from our patient 

klsionse to Vauious Coxcentb-vtioss 
TibieV prothrombin* 



‘•Supplied thiough the kindness o£ Dr 
School Detroit Alich 


Walter 


Table ATi 


•Pia'.MA TBEiITED AVitii 

CLOTimO TIMES OP ___ 

Decrfvsino Dilutions op xhi 



ectne p'*^"^ , 

Punfied piolliiombm «os added to 0 ^ 1 '“““ 

moke 100 mg pet eent concontiotions j„„oeatialioiib el 
piopei untieatcd plasmae pioducet se ,lje i 

'tlt.Un Qmck p.atlttombm , Table V „j . 

thiombm soluttone The lesulte ate tluombm as . « “ 

that out pattent’s plasma tesponM to “®ed P "'■‘‘“"t” , «* 

a mattttet stmtlai to plasma made >« W°*‘“X ,o be aa 
atoliaaltott The detect, thetrfoie, did not 

piothiombin comeision , ot coaS“ 

3 Dtotalna C/oK.ap SMy Deteete m the may be anW'S" 

can cause a prolongation of the piotbiombin 

Supplied b> Dr Walter H Seeeers 
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Hluch inhibit the effect of thiombm, 01 flic fibtmogen iiiaj be qualitative^ defec 
tne 01 maikedly (limmi&hed is iii afilMiiiogeiiLiiiia " \s noted the quantitj ot 
fibnnogen in our patient uas normal jVnticonguIant effect and/oi fibrinogen 
defect may bo detected by clotting decalcified plasma ivitli nicieasiiiglv dilute 
solutions of thrombin ' Tabic VI, summarizing the icsults of such a studi 
reveals no evidence of an anticoagulant, oi a defect m fibnnogen Such abnoi 
mahties «eie thus not the eau.se of the dcHvcd piothrombm time m oui patient 

4 Another Test foi Anttcoagulant If plasma piesumed to be hjpopio 
thrombiuemic, contains an anticoagulant it should pioloiig the protliiombin time 
of a control bejond tint expected bj dilution Iloweiei, seieral tests showed 
that J L ’s plasma did not pioloug the time of the eoutiol as much as did the 
addition of saline A typical expciiment icsultcd as follows control plasma was 
12 sec , coutiol plus an equal amount of salmc gave 16 5 see , eontiol plus J L ’s 
plasma m equal amounts was oulj 13 5 see Vgam au anticoagulant could not 
be demonstrated in the blood 


5 Tuo Stage Piothiomhiii Dctcnmnation To lielp determine whethei a 
retarded conicisiou late caused the delated piothiombm time the pioeeduie 
was done m two stages as advocated by Wamti, BimUious, and Smith ” Pio 
thrombin times (Quick) on coutiol and J L s plasmas weie 18 and 60 lespei 
tivclj The plasmas weie defibniiatcd by the addition ot tluombm solution 
Part of tlie defibrmated coutiol plasma was diluted 1 3 One tenth culiie centi 
meter of each of tlio tliicc plasma samples was meubated foi sevciitv seconds 
with CaClj (0 1 c e of 0 25JI) and tliiomboplastin (0 1 c c ) solutions Pibiiiio 
sen solution (01 ec) (Cohns Human I'lactiou I used as source) was added 
to each and the clotting times weie noted These weie 1C 5 415 and 58 seconds 
for eontiol, diluted coutiol, and J L s plasmas, lespoctivoly These lesults 
Would indicate that oui patient’s dcficienej w is lack of piothrombm and not i 
dclajed rate of convertibilitj 


Special Examtnahons of Plasma Pioleins~(l) Electiojihoictic studies of 
h’s plasma* in 1945 levelled no sigiiificuut abnoi malitics (2) Aeivoglobulm 
Was found in abnormal amount The chaiacteiistics of tins piotem aie icpoited 
esevvhei'e” It may be mentioned lieic liowevei that this eivoglobulin was of 
umisnal interest in that unlike othei-s which have been studied it contained a 
earbohjdrate fraction*'’ (3) The quality of the fibnnogen was found to be 
noimal bj thrombin clottmg as detailed pieviouslj In addition hovvevei the 
eet ot addition of fibnnogen was tested Bovine fibnnogen,! found to be 
uormally active by tluombm clottmg was dissolved in coutiol and J L s 
plasmas to make a concentiatiou of 0 5 pci cent The prothiombm times weie 
^ ollows eontiol 15 see eoutiol iihis fibnnogen 15 sec J L 53 5 sec , 
Ij plus fibimo, 5 Cn, 48 sec This apparent 5 5 see decrease in the piothiombm 
'me was not considered significant 


(Component Assay — Quick' has postulated that piothiombm is i complex 
wuMstiug of calcium, component jV, which is m oxidation labile fictoi and 
B, which is lemoved bv dieumaiolization m vivo and bj aluminum 


Uj Dr jj Tailor I.aboratory of Phj slolojrlcal llj Eicne Unilersit) of Vlinneaota. 
“l-plletl b> Dr E C laooniis of Parkv Davis & Companj Detroit, Mich 
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In dioxide 111 vitio Moie leceutly Quick® spealis of component B as the “con 
lentional piothiombin” and descnbes a new component A, using the tem 
“labile fact 01 ” for the old component A Seegeis and co-woikers/^ howeier, 
affiim that piothiombin is composed of but a single component Deficiean 
of component B was found in the eases of Lewis and Bennett” and of Quid' * 
Owien^® has described a case which may lepiesent a deficiency m the labile lac 
toi ® Although at present the exact status of the components is not clear cut, m 
attempted to deteiniine the type of component deficiency m oui patient Os 
alated plasmas stored approximately one month were used as a souice ot plasma 
deficient in the labile factor Plasma from dicumaiolized patients sened ib a 
source for component B deficient plasma The results of the expeiiraents are 
leeoided in Table YII Smee old plasma was more effective than dicumarolucd 
plasma in reducing J L ’s piothiombm time, it appeals that the moie important 
deficiency was of component B However, the lesiilts are difficult to interpret 
They may indicate that there was also some deficiency m the labile factor 
since, 111 four out of five experiments, stored plasma was not so eftectne^con 
tiol plasma in restoring the piothiombin time of J L ’s plasma In t ree oi 
these four experiments, however, dicumaiolized plasma plus stored ' 

not result ui a noniial prothiombin time Therefore, the possibility exis 
there yvas a deficiency of some other luiloiown factor 


Table VII Prothrombin Component Assay 



Control 

14 5 

14 5 

15 

Stored plasma 

34 

67 

61 

Dicumaiolized plasma 

315 

40 

43 

J L s plasma 

37 

39 5 

53 5 

J L + control 

17 

15 5 

16 5 

J L + stored plasma 

213 

17 5 

16 5 

J L + dicumaiolized 

24 

26 5 

20 

plasma 

Control + saline 

Control + stored plasma 


15 5 

15 

Control + dicumarolized 


IS 

16 

plasma 

Dicumarolized plasma + 


18 

14 0 


14 
54 
54 5 
53 5 

16 5 
215 
36 

18 

17 
17 

21 


13 

6( 5 

3Sa 

a’ 5 

13a 

Ida 

33 

10 3 
10 

11 


stored plasma 


effAt 

inlOH 0'^'/ 


Response to Yitamin K — Throughout the patient’s 
various synrthetic vitamin K products in usual doses veie '' ( 

The first massiye dosage of sjaithetic vitamin K yvas given ot h 

three day period the patient received intravenously a total o 
oxide * This yvas associated yyntli a use m piothiombm time m piajua 
seconds, the controls had a time of 17 seconds Recently, 
infusion, 72 mg of menadione bisulfite were admmisteied ^ ^ jecoiubi 

prothrombin time rose from 34 to 515 seconds (controls, !-> fontm’*'^^ 

over a tyventy-foui hour penod This demonstrates that the pa 
to be vitaiirm K resistant 


•Tills studj was made bj Dr Rudolf ilarshall at that time a Fal 
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bruising However, it may be of significance tliat her 2 year old daughter was 
said to bruise easily , so far she had had no episodes of bleeding These oxami 
nations certainly establish the familial nature of the disease in oui patient 

DISCUSSION 

The history and findings of a patient with idiopathic familial lupopio 
thrombinemia haie been presented The patient was followed in detail o\ei a 
ten year period There was a vaiietj of studies and thenpeutie attempts ui 
order to asceitain the exact pathologic nicchaiiism All of the known factois 
other than hypoprothrombinemia which might gne use to a delay in prothiom 
bm time were presumably excluded hj the expeiiments detailed Theie was 
an evident lack of the prothiombin faetoi which is decieased bj Dicumarol 
(component B) There was no lesponse to vitamin K while plasma of vaiious 
ages was consistently effective The regulai oeeuirence of a positive cephalin 
flocculation test, albeit m xarjmg intensitv together with the piesenee of a 
cryoglobulin in the patient’s serum tends to support the concept of a primary 
disturbance of protein synthesis in the liver 

The most important result of oiii studies was the evidence of fimilial iiicid 
ence of the disorder Those afflicted seemed to have the same type of defleienej 
This IS the fifth reported instance of familial hj-popiothrombinemia Aotualh 
the mcideiiee is probablj lughei than this would indicate Reference to Table I 
shows that m most cases there was a familial hemoirhagic tendonej, but pro 
thrombin estimations ^^erc not alwajs made j\Ioieo\er, just a statement of a 
negative family history is not sufficient since several peisons with no hcmoi 
rhagic manifestations have been found to be mildlj hjpoprothiombinemic This 
'vas true lu the family of J L Wlienever the dngnosis of idiopathie hypo 
prothrombinemia is entertained, prothrombin deteiininations should be made on 
all available family members to help clarify the diagnosis 


SUMIIVRY AND CONCLUSIONS 

A ease of idiopathic hypopiothiombinemia foIlo^\ed in detail foi a decade 
has been piesented The hemorrhagic disease m this case ^\as chaiactenzed 
apistaxis, subcutaneous hematomas hemorrhages in pioximity to ^a^lous joints 
laenorrhagia and metroirhagia, the latter being so severe as to rcquiie lijstei 
ectomy 


The familial chaiacter of the disease has been established m this instance 
The major deficiency was of the Quick B component that affected bj 
icumarol, yet vitamin K in large amounts was ineffective m shortening the 
prothrombin time Purified piothrombin and human plasma cither old oi 
resh, were the onlj materials effective in this regard in vitro the foimer was 
not used in vivo, while the latter was consistentl} effective in controlling the 
hemorrhagic tendency 

Positive cephalin flocculation and the piesenee of a crjoglobulm suggest 
at there maj have been a primary distui bailee of piotein synthesis in the liver 


, It 18 
Juriag tlio 


a pleasure to acknowlcduo the helpful advice and criticisms of Dr 
course of tlua study 


Armand Quick 
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OBSERVATIONS ON jVLCOHOLIC FATTY LIVER THE USE OP 
INTERILIL NEEDLE BIOPSY AND LIVER EUNCTION TESTS 

R E Buck, "M D 
SvUT Lake Cit\, Utvh 


INTHODUCTIO'I 


D URHsG the past eight jeare, needle (tiocai) biops\ of tlie li'ei has become 
a recognized procedure in mani ebnics Its niue in clinical luicstigatioii 
and m the diagnosis of obscure cases of liici disease is i\ell established 

This IS a repoit of obseiiations on seieii cases of so called alcoholic Inei 
Biopsies give evidence of lapid disappcaiance of fat following tberapj in five 
of these cases An attempt will be made to coi relate the more nnpoitant livei 
function tests with these changes along with the clinical fcatuies of the cases 
and the response to theiapj 

RoffbaueP lecentlj gave a sumniaij of the different techniques and of the 
indications for and dangers and advantages of needle biopsv In a senes of 
1|200 cases, Sheilock^ reported a luoitalitv of 0 67 per cent Hemoiihage is bv 
lar the most common cause of death Otliei disadvantages include the failuit 
alvvajs to secure an adequate specimen and the possibilitj that one slued of 
tissue may not represent aceuiatelj the picture of the rest of the liver How 
ever the needle biopsj usually does offer a moie lepiesentative picture than 
the ordmary surgical biopsy because the lattci peiietiates onlj a small distance 
through the capsule 


The pathogenesis of fat infiltntion in the liver has been studied e\teiisivelv 
in animals in recent v eara By the use of serial needle biopsies the pathogenesis 
of the so called fatty liver in man should now be amenable to investigation 
Expenmentallj , fatty livers may be divided into two types* those produced 
hv an iiiciease in the rate at winch fat is supplied to the liver and those pro 
dueed by a dcciease in the rate at which the livei is able to dispose of fat In 
the first category belongs the fatty livci produced by starvation high fat diet 
and stmiulation with the ketogenie fiactioii of the anterior lobe of the pituitarv ^ 
The second group mcludes fatty livers icsulting fioni poisoning with caibon 
tetrachloride or phosphorus, depancreatization plus insulin (dogs) and choline 
deficiency combined wutb a low protein diet Some mvestigators* believe that 
cirrhosis ui man as in certain experimental animals * may be the end lesult of 
wtensivc fat infiltration 

Incip eut cirrhosis in alcoholics often is cliaractenzed by fattv infiltiation 
and enlaigement of the livei “ It is in such eases (as shown below ) that spon 
taneous remissions occui when alcohol is withdiawn and a satisfactorv dietaiy 
regime is established Treatment does not cause disappeaiauee of the fibrosis 
Pt pi^ uDial3l:v does aid m livei cell rccoverv and legeneration 

the Department of lledicine Unheraltj of Utah 
deceive I for publication Oct. 17 194 
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subjects with snnll if ^ u i “ lelated to hvei size®’" Pen 

. J pa n le “ “J' ‘‘'““Py. 'vWa fee ...l. l.,, 

MaVTERlAJj aVND METHODS 

eight patients lias beeTf'ttP “ “■ ^o^al of fifty 8 l\ needle Iner biopsies oa tweotr 

malting „ niernMopia'^ <l,ag„o,„, ° TitrKolh'r’' iTl’ *“lr“ '* 

tetlniique despnhpo s n ' Both Turkel needle was used m all instances ami lU 

palpable, it nas usual! v nnr, co workersa i\as followed When the liver was eaalr 

costal approarh in the PP™®® the right costal margm anteriorly Anmtet 
palpable was used when the liver was rot 

Tables I and TT routinely in these selected cases are recordeJ i« 

Ellipsis win r® recognized methods u » 

fatty livers In Tabf ^ selected group of seven white, male alcoholics itiii 

tion tests liisfnlno-,/. ^ summary of the important clmical features, liver tuEc- 

“lo neefflpT of these subjects is given 

admission and the sp,^nnT Performed on each of the sev en patients, the first soon after 

The first five eases siiTm ^ r^^erval of from three weeks to three and one half nonlls. 

was committed to the fables had a favorable outcome Patient B N (Ca.eot 

not performed Case 7 ^ ^ “enfal Iiospital where he e\pired within a month Autopsy wss 
dso because the inneoi contrast the course with that of the first five cases and 

otlier complication occurred^ 1^11"^ following a needle biopsj One 

ful ® "*® ‘^fa* senes — i right pneumothorax Becovery was uneveal 


CLINICAL OBSERVATIONS 


iflmi<.sir.f^+^^fn^ patients gave evidence of prolonged and seveie alcoholiaii on 
m Table T ospital The salient symptoms and signs for each are listed 

unhosis and decompensated 


lvboratory findings 

insuffieipnff°^ befoie tieatineut indicated mild to raodeiate hepatic 

tbipp nf ti^ ^ephahn-cholesterol flocculation test was initially positive w 

measuiPd l m which the thymol turbiditv iv^ 

maibed bv-n u findings were abnormal in only two Jloderate 0 

biomsulMZ r'”™'" ‘’■“snt five of the seveh subjects Thet.» 

or rne maeiocytic type 


histologic observations 


model biopsy, done on all patients at the time of admission, sho«^ 

e2 in BI Infiltiation and fiom normal to moderate 

hmnlinpvtpc m the periportal aieas Inflammatorj 

of dpffpnpwit Present m varying niunbeis at the timds Scattered a 

ion of livei cord cells weie observed m three patients on adimas 
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OTHFR 

MANIFEST VTIO VS 


THERAPY 


1 

H K 

4 

-H- 

■ 


I 

Peripheral neurop 
atlij delirium 
tremens 

Diett and B complex \i 
tamins after 1 000 c c 
Vraigcn and 1 000 c c 10 




■ 

1 

m 

■ 

Vs^mptomatic 
gamed 30 pounds 

per cent glucose daily for 
10 days 


w s 

6 

-H-+ 

10 

++ 


Acutely ill, men 
tally obtunded, 
spider naevi 

300 c c Parenammo in 1 
liter 5 per cent glucose 
daily for 1 week plus mul 




+- 

G 

0 

i 

Much improved, 
gained 18 pounds 

ti\atamins, then diet plus 
300 c c Parenanime orall\ 
daily 


A G 

4 

0 

4 

+ 

+ 

Tremor of hands 
not acutelj ill 

House diet no other \ita 
mins or other supplement il 




u 

1 

0 

0 

VsjTuptomatic lost 
10 pounds 

therapy 



4 

+ 

4 

0 

0 

Acutelj ill 

Diett onh no supplemen 

__ 




1 

0 

0 

Asymptomatic, no 
change m weight 

tary vjtanuns 


H P 

14 

I^B!I 

3 

0 

0 

Delirium tremens, 
peripheral neurop 
ath> 

In hospital (8 weeks) , 
diet t B complex vita 
luins plus 90 e e Proto 




^■ji 

Not 

palpable 

0 

1 

Asymptomatic ex 
cept neuropathy 
unchanged 

lysate per day 

Out patient (6 weeks) no 
special diet, no alcohol 



d 

0 

8 

++ 

0 

Korsakow s psycho 

SIS 

Diett did not cat well 
choline 4 Gm per day 




u 

8 

+ 

0 

Unimproved, died 
in another hospi 
tal 



13 

0 

4 

0 

0 

Mono 

Diett and B complex vita 




■H+f- 

9 +++ 

+ 

(Third admission ) 
Stuporous, cnti 
cally ill 

mms. Improved m hos 
pital 2 weeks, out of hos 
pital 10 weeks did not 
abstain from alcohol, 
died following liver punc 
ture 


, . I I ■■‘***^ 

ccntimetcra below the rlsht costal iimrein In the midclavlculnr line 
was composed of protein 160 Gm carbohjdrate 300 Gm fat lO Gni 


ieiii consisted e&sentiallj of lest, withdiawal of alcohol 

> ig 1 carbohydrate, and low fat diet, and B complex vitamins 


a higli pio 


OBSERVVTIONS VFTER TRELVTilENT 

Results of treatment can be summarized as foUoi\s 
Jitren cbnical improvement (fiist five cases) sucli as gain in appetite 

nf,«* ’ weight diniimition in livei size, edema and ascites and clearing 

«f>cterasm the jaundiced patients 

“ Consistent and significant incicase in scium albumin 
Return of hemoglobin to noimnl 






CASE 


558 


BUCK 


TvBLr II 


IABORVTOB\ DAfA 


6 1 fa 


40 S - 

■n S4 3'3~0~U5 



Wde-prei^ 
uecro u 


— 'lest'! \\ere not done „ 

1+ ApproMmateU amount seen in Pie 4 4+ illusti ated by s 

•Pol> movphonuclcars ^ 

4 Revel Sion of the cephahn-cholesteiol flocculation to neoa 

cases in nhich it was positive i m tests I'cre 

5 In contiast, only in one case out of the five m w ci i 

foimed Mas significant inipi oveinent in the thymol tnibidity o isei j 3 ,jn(ln.il 

6 Deciease in the quantity of biliiiihin in the seiura m tc 

patients with coiiesponding change in the bionisulfalein as 

tinned to 1101 nial m tM'o instances imutioa m 

T Histologiealli theie was a consistent and inaike and 

the fiist five suboects Muthout niaiked change m peiipoita jj^^pietcd as^'' 
inflammation iMaiij cells showed double nuclei This nas i 
deuce of legeneiation 


COMMENT 

It Ma^ pointed out by Iloffbauei, Evans, and Watson ^ Tn 

possible to eon elate closely luer function tests and 
same impiession is gained heie in eases of fatty liver le iiiretkd 

tioii test and the seium albuiiiiii level seemed to be the mos e 
mg the clinical and histologic status befoie and aftei tieatnien 

It mac be noted (see Table II) that the Haiigei test elcnt'^' 

the livei IS fatti Thvmol tiiibidity ivas vaiiable ‘"**^*' le u 
Similai lesiilts toi these tests in cinhosis haie been note je 
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1 —C^ase Specimen taken on admission showing marked fattj Infiltration and slight 
periportal fibrosis and Ijmphoc>tic Infiltration (low power hematoxjlln and eosln) 



•‘•—C.if'c ^ Specimen taken six weeks later showing marked llmlnutlon of fat with ip 
parent Increase in flbro Is and l>mphoc>tc3 (\an Glt-son) 
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Fig' J — Case 3 Specimen taken on admission showing marked fatty infiltration (hemalt^ 

and eosm) 



Fig d — Case 3 Specimen taken four months later demonstrating mark 

(heraoto’cylln and eosin) 
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Fjg o,-~Cj 4 e 7 Spoclmen token thliteen weeks bvfor knth Kowjiife i joUril iiKtti e in fit 
anJ curlj elrrho'-Js <\an < \ n) 
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The finding of pimcipal inteiest was the anatomic evidence of rapid diniinii 
tion of fat in the fiist five cases It seemed lemaikable that the InercoaH 
dispose of what appealed to be an enoinious amoimt of fat m the short tto 
intenal of fom weeks (m thiee cases) (See Figs 1 to 4 ) Presumablv h 
processes conceined in lipid transport fxom the liver become eftective sooniiht 
the rnrtiatron of therapy The type of treatment seemed to make no partitulir 
difference as judged by the elrnrcal result, function tests, and biopsi c angu 
Two patients received amino acids par enter ally as well as 
mins and glucose intravenously ruitil their appetites leturne eu 
guen a diet of protein, 150 Gm , carbohydrate, 300 Gm and 0 g 
Patient A G (Case 3) received the house diet only (no ° ,,, 

taiy nouiishment) and jet made a rapid recovery as ju ge intipandite 
labLto, tests I.t eouhast to th.s, Patteot B N who was 
pooilv but received 4 Gm choline per day, showed no appiecia 
Iner fat oiei a three-week period ha 

In the course of this study, one fatality oceuned ZL folLvn? 

biopsi Patient F W (Case 7, Tables I and II) a 

the second (interval) liiei puncture This ^ and sraik 

jear foi liier disease The patient was ciitieally il , tohemor 

toms of acute liver failure At autopsy death was siown o and 

ihage from the Inei biopsy wound and there was mdesp 
hepatitis superimposed on a fatty cirrhosis (Figs 5 and ) contiaiDdica 

Liiei puncture in this ease was per formed m the face o ^ 

tions a piothiombiir time of 50 per cent, not affecte ^ signs cr 

patient too ill to cooperate Death occurred without wainin, 
snnptoms of hemorrhage 


discussion 

It appeals that a good clmical lesult is obtainable in douttiiJ 

long as the patient can eat, lest, and abstain fiom couise m 

that the addition of lipotiopic agents would have alteie lipid, la a* 

discussed since the rate of disappearance of ahnoinra aiiio 
least three of the cases, would seem to he difficult to inrpiove acutd'' 

The clinical snidiome of an alcoholic who enters m mrrhoji' 

vith jaundice, edema, ascites, and hepatomegaly is ‘ jeconipe"^^''’^ 

of the In ei Actually aU these symptoms or signs o mP mth 

can he pioduced bv maiked fatty infiltiation and ^ jgpsv httk 
little actual cirrhosis Death may occur suddenly and a first fi'C 

trace ot eriihosis may he found " Or, as lepoite ere pie 

rapid, almost complete leeoieiy may take place Fatty of cinli® 

panv mg signs of hepatic msuffieieney may closely smiu a ^jgtaii 
jet the piocess is usually lapidlj'- leveisible with appropi 

plus abstinence fiom alcohol pf,oiclless of 

It maj’’ be pointed out that tieatment is the same ^ ° jnstolog'c ‘iPP'-" , 
of cuihosis piesent The need foi ohtainmg a pmtuie o patho'- 

ance of the Inei may theiefoie be questioned Hover ei. 
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finding of onlj fat iniiltratioii and the latex demonstration of a lelatively normal 
liver can be a powerful stimulus m indicating the value of an attempt at re 
habilitation of the patient The usual alcoholic relapse on discharge from the 
hospital might be averted if the patient and his pliysician had a clear picture 
of the elmnges in the liver associated with therapy and abstinence from alcohol 
and poor dietary habits Resumption of former habits almost certainlv would 
result in another episode of livei disease, wheicas with abstinence, a lifetime 
free from liver disease can at least be hoped foi 

SUMMARl VND CONCLUSIONS 

Experience with fifty sis attempts at needle punctme biopsy of the livei 
{mcluding one pneumothorax and a death from hemorrhage ) is reported 

Followup biopsies performed in seven patients with alcoholic livei at inter 
Vais of from three weeks to three and one half months are presented, as w ell is 
simultaneous liver function studies and clinical findings 

Clinical improvement (comeidmg with lapid diminution in the quantity 
of hver fat) was noted in five patients, and similar impiovenient was observed 
m hver function tests In patients who could eat an adequate diet the use of 
supplementary lipotropic agents seemed unnecessarj 

Fatty hvor witli a mdd undeiljmg ciiihosis maj exhibit all the clinieal 
signs of an advanced portal cirrhosis and is usuallj diagnosed as such Dif 
ferentiation is important in prognosis 

It is believed that if the procedure is carried out by the fewest possible 
operators and if due attention is given to the contiamdications for the proeeduie 
hver punetuie is justified m selected cases for diagnosis and prognosis This 
does not imply that it should be a loutine method in the elmical diagnosis of 
hver disease 

&enal biopsies m early cnrhosis over a peiiod of jears would add much in 
elucidating tlie natural history of the disease 

The author ackiioi>ledges the aid and ad\ice of Dr B \ Tager and Dr F D Gunn 
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THE THYilOL TURBIDITY TEST IN VARIOUS DISEASES 

Hyman B Stil.lekm,vn 31 D 
Atlvntv, Gi 

'T’HE tlymol tuibiditj test was first desciibed by 3Iaelagan' ^ in 1944 as in 
mde\ of hiei function Since then man) papew base appealed in the 
Iterature concerning its lalue The exact mechanism of the test has not is )et 
been completel) determined Tlie tnrbidit) is due to the foiniition of i complex 
consutmg of a globulin, phospholipid, cholesterol and tlmiiol 3Iacligan be 
leved that the globulm was gamma globulin and that the tlnmol tuibidity ind 
cep ahn flocculation tests had i similar mechanism Recant and co woiheis ’ 
usin electrophoretic methods, weie able to show that gamma globulin was not 
miolved in the mechanism of the thymol tuibidity test while the cephalm floe 
cmation t^t depended on the piesence of gamma globulin Recenth Cohen and 
ompson presented evidence tliat the protein m the complex of the positi\e 
globulm Clmicallj in\estigatois® ® ha\e felt 
the basic mechanisms of the thymol turbidity test and the cepliahn floe 
Gvi^ diffeicnt ICunkel and Hoaghud^ ha\e offeied expeiimental 

ence to show that the development of the turbidit-v depends on both lipids 
globulins in the seium However the hpid piotein complex migrates 
hi the beta globulin fraction of the serum 

The thymol turbiditj test has many ad\'uitages o\er othei tests of Iivci 
nc ion in current use that is stability of reagents, quantitatnc method of 
interval of time needed foi performance and apparent 
ivity It yas theiefoie decided to e\aluate this procedure bj testing sera 
om patients with liver disesse as well as vaiious other diseases 

M VTERLVLS VND METHODS 

hon used for the performance of the thymol turbiditj test was the modifica 

normil aiid Hoagland * Sera showing 5 or more units were da's ed as ab 

Hoagland based on our own observations of the teat and on the investigations of 

flocculati The'io workers u*ted 4 7 units as the upper limit of normal A cephalm 

•^elennui^r performed on each serum at the *samo time tluat the tlijanol turbiditj 

and cephabn flocculation test was read at tho end of forty eight 

tonnol r positive if it read 3 plus or 4 plus In most instances total protein and 

dicated ^ erminations were also earned out Brorasulfalem tests were done when in 

of the patients tested were thought to have liver disfunction a Iirge 
ilint. T, * niado on patients m whom liver di ease was not thought to be pre ent 

__^'itients were tested repeatodl} 

Gradj Hospital and tiio Department of Medleinc Emorj 
Reccl\ed for publication Feb 4 1049 
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RESULTS 

Tests weie earned out one oi moie times on 567 persons Seventi four of 
these were regarded as noimal controls The lesults aie piesented in Table I, 
in which an attempt has been made to classify the cases It i\ill be noted that 
a positi\ e result was obtained in 295, oi 52 pei eent of all pemons tested 

Certain comments may be made regarding the results inthe different groups 


Table I 


GROUP 


NUMBER 

OP 

CASES 


Infectious hepatitis 36 

Cirrhosis of the liver 48 

ObMructive laundiee 12 

Diseases of the gall bladder 11 

AVeil ’s di'-ease 4 

Diseases with nidespread liver destruc 

tion 11 

Keuros^pluhs with fever therapj 9 

Neurosvpluhs without fever therapy 9 

Acute Ijmphogranuloma venereum 21 

Acute and chronic rheumatoid arthritis 17 

Acute rheumatic fever 11 

Congestive heart failure 56 

Heart disease without failure 19 

Chronic lung disease 28 

Acute infectious diseases 67 

Neoplastic disease 15 

Diabetes meltitus 19 

Ulcers and gastrointestinal hemorrhage 18 

ThyrotoMcosis 7 

Nutritional disease 10 

Chronic ulcerative colitis 3 

Amebiasis 4 

Hemolj tie crises 5 

Chronic alcoholism 4 

lliseellaneous 49 

Controls 74. 

^ 567 


NUMBER 
T T + 

"14 

46 

5 

6 
4 

8 

9 

o 

20 

14 
6 

27 
9 

15 
25 

7 

6 

3 

4 
6 
2 
0 
4 
0 

28 
6 

295 


POSITtVETHTJlOI, 

TUKBn)rrrT6!TS 


PER CENT 
TT + 


average 
number or 

UNITS 


RAAOE 


94 5 23 

96 20 

42 5 17 

54 5 8 

100 17 4 


s 50 
5 19 

6Vi 3S 
5 ”0 

8 ’9'^ 


73 
100 
22 2 
95 3 
82 4 
54 5 
48 
47 
53 5 
37 3 
46 5 
316 
16 7 
57 
60 
67 

80 


14 

19 

10 3 
13 6 
10 

67 

84 

84 

11 
9 

95 

8 b 

8 

98 

8 

9 


3315 

2S 


(jU» 14 
3j 
19 
9 
’3 

"0 
oS 
If 

nV 19'i 
bV lib) 
oV 11, 

5 If' 

6 1’ 


8 ® 



Infectious Hepatitis — Seia of thirty-six cases of infectious hepahtis 

-ni' » -lonnHlPfi 


were 


tested, four of these weie piobably cases of homologous seiura jauu 25 

two of the tluity-si's. had a positive test, the aveiage number of luu 8 
One of the remammg cases had a negativn test initially but one jnteciio'if 
lesult Avas positive In the lemaining case, avhich avas typico ® 
hepatitis clinicallv, the thj-mol turbidity test lemained negative 
hospital coui-se These lesults agiee closely avith tliose quoted m the 

- _ ^ Qpriea 


1.0 ifAWA*. a, 

Citrliosis of the Livei — There weie fort}’'-eight subjects m t ^ , 

The aaemge nm 


foitj-six of them gai'e a positive thymol tuibidity test 


ot 

tuimaityiesi tU 

units uas 20 A study of oui cases rea'ealed that the thynio in 

shm\ed no essential difteienee between the cases of ciiihosis wlnei “ ^ 
alcohohcs and those avliich occuiied m nonaleoholies Chronic {]„d)1 

mg infectious hepatitis cannot be separated fiom ciiihosis »J 
turbidity test 
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Of tlie two patients with cirrhosis with negative thjinol turbidity tests on 
admission, one turned positive a month htei while the othei remained negative 
throughout the observation period of two weeks 

Ohstructwe Jaundice — of the twelve patients in out series had a 
positive thjmol turbidity test Four of the five patients with positive tests were 
shown to have cholangitis in the presence of obstruction, and the same condition 
was suspected in the fifth positive case 

Diseases of the Gall Bladder — This gioup of eleven patients included 
cases of acute and chrome cholecv stitis as well as cholelithiasus In si\ of them 
the thymol turbidity test was positive It seems possible that the positive results 
were due to an associated cholangitis 

Diseases With Wtdespiead Liver Destruction — Eleven such cases were 
tested m the scries , these included prunarj neoplastic disease of the liver mas 
sue metastatic infiltration of the liver, and one case of massive infarction of the 
liver Eight of the eleven patients had a positive thymol turbiditv test 

Therapeutic Malaria — Nine patients undeigoing malarial fever therapv for 
aeurosvphilis weie tested All of them had stronglv positive thvmol turbiditj 
tests, with increasing values according to the duration of the f ev er therapv This 


13 m agreement with the results of other observei's who have noted that other 
tests of liver function give evidence of liver damage ” ” 

Acute Lymphogranuloma Venereum — This group of twentv one cases was 
unusual in that the virus of lymphogranuloma venereum had been isolated in 
everv instance'’ All but one of the patients had a positive thymol tuibiditv 
test llaclagan in his origuial work included one case of lymphogranuloma 
venereum and that patient had a strongly positive thymol turbidity test 

Rheumatoid Aithritis — Seventeen patients with acute and chrome rheu 
matoid nrthnfis were tested Fourteen of them had a positive thnnol tui biditj 
test The average mmiber of units was 10 Gaiter and Maclagan” obtamed 
Positive results in thirteen of thirty four patients with rheumatoid arthritis 


had 


Acute Rheumatic Fever — Six of eleven patients with acute rheumatic fevei 
weaklj positive thvmol turbiditv reactions The average number of units 


was 67 


Heart Disease With and Without Foi7«) c —Approximately half of the 
patients with various forms of oigamc heart disease had positive thymol turbid 
■ty tests The presence or absence of circuJatorj failure did not appear to 
* wence the icsult Carter and Maclagan found that ten of twentv eight cases 
or 36 per cent of their patients w ith congestiv e heart failure, had positive thjmiol 
turbiditj tests 


Chronic Lung Disease — Theie vveie twentv eight patients m this group 
w >eh included such entities as bronchiectasis empyema pulmonary fibrosis, 
asthma, ehiome eraphjsema lung abscess and chrome pulmonarv tuberculosis 
* Fen of tlieni had a positive tlrnnol tuibidity reaction Five of the six patients 
"It bi-onchiectasis gave positive tests 

Iciitc Infectious Diseases — Sera of sixtv seven patients witii aeute infee 
lou-s diseasis were tested and 37 3 per cent showed a positive reaction Tin 
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meidenee seemed notably high in miliaiy tnbeiculosis, secondai-j si pliilu, inia 
tious mononucleosis, tulaiemia, and baeteiial endocaiditis The highest valai' 
m the entile senes, namely 53 tlijmiol tnibidity units, was found m theyni'n 
of a patient with miliaiy tubeieulosis Since infectious nionomieleosis niai b 
accompanied by a hepatitis it is not suipnsing to find the thymol tiiibiditT h t 
positive dm mg the acute phase of tins disease Maclagau" found that su o' 
seven patients vuth subacute baeteiial endocarditis had a positive thimoltiir 
biditv test Negative lesults were obtamed in such diseases as laboi pneiunoDia 
typhus, pliaimgitis, tiibeieulous peiitonitis, and so on 

Neoplastic Diseases — ^Fifteen patients weie studied and se\en had a positae 
thvnnol tuibidity test This gioup included thiee cases of bionchiogcmc tar 
emoma and thiee of caiciiioma of the colon 

r ontiols — Seventy^-foiii members of the medical and nuisnig staffs was 
included in this gioup Si\, oi 8 per cent, had positive thymiol tuibiditi ieh 
langing between 5 0 and 9 5 units Most othei uoikeis' ■'’® “ haieiepoic 
that the noimal contiol subjects did not give values above 40 to 47 tnno 
tuibiditv units Ley^ and eo-woikeis^®, howevei, detemmed their nonna i ue 
foi the thvmol tuibidity test statistically and concluded that the iippei ™ 
noimal was 8 7 units Using tlus figuie as the maxmial noimal leve, 
cent of then eontiols had an elevated thymol tuibidity test It is of la 
note that the thymol tuibidity test in 8 5 pei cent of then contiols e\ce 
units 


COUP VRISOX OF THTSIOL TURBIDITl TEST WITH CEPHALIN FLOCCULITW'' 

Although theie is both expeiimental and clinical evidence that 
tuibiditi and eephalm flocculation tests depend on diffeient faetois, 
inteiest to eompaie the two tests m oui senes since both aie geiicia y 
as livei fuuetion tests Table II shows the compaiative lesiilts o ® 
111 some of the laigei gioups of patients in the present senes of eases 


TvBIF II COMPAPISOX OP THE THYMOL TUKBIDITY AND CEPH.UJ\ FlOCCU IAT 




QROUP 


NUMBER OP 
CASES 


TT + 
CP + 


Infectious liepatitis 
Cirrhosis 

Obstructive jaundice 
Lymphogranuloma venereum 
hteurosyphilis vnth fever therapy 


36 

27 

48 

37 

12 

2 

21 

0 

19 

9 



Infectious Hepatitis — Kesults of twenty-eight of the thiity six 
in both tests Theie weie seven tests in which the thymiol tuibi i v 
and the eephalm flocculation negative and one in which the cep a 


ameement"'‘l>‘ 


was positive and the thjmiol tuibidity negative This is m 
investigations, mdieatmg that the thymiol tmbiditv test is moie 
the eephalm flocculation test in hepatitis" Repeated Uiis ^ 

patients with the two tests also indicated that the thymol tuiln i 
test foi following the piogiess of infectious hepatitis than the jjietiiy-''’ 
tion, since it lemained positive as long as theie weie any syniptjc’'’ 

An example m a case of mteetions hepatitis is ilhistiated m Uig 



TH\J10L TURBIDIT\ TFST IN \ \HlOUS DiSELVSES 
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Tho patient ^^as a 46 jear old wljito ^\oni'm who entered tlie hospital m the ncuto pha-^ 
of infectious hepatitis Vt tho tinio of entrj the thjmol turbiditj ^vas 43 units and tlie 
ceplnlin flocculation 4 plus Tlie th-viuol turbidity fell rapidly The patient was allowed to 
be out of bed tliirt^ fi\o dujs after odmis ion before the tlijniol turbidity had reached a 
“nonual” Jeicl AVithin a few Jiours she complained of nausea and pain in the right upper 
quadrant A thjmol turbiditj tal en at this time howed a use from 8 to 26 units Bed rest 
was resumed and ono dnj later the th>mol tuibidit^ fell to 11 units while the cephalin 
flocculation was 2 plus Ninety days after adiiiis ion the thjniol turbiditj was normal This 
was fort} file dajs after the cephalin flocculation had become DCt,ative 



Fig 1 —Infectious licpatltis 


This ease emphasizes tho usefulness of the thjmol tiiibiditj test in deter 
imning the length of convalescence in infections hepatitis Coirelation Mitli livei 
iiopsy seems to indicate tint the tlijunol turbidity test is the most accuiate 
index of recovery fiom tins disease 

Cirrhosis — The tiio tests agiee in a majoiity of the cases Houever, here 
also the thymol turbidity test appealed to be moie sensitue than the cephalin 
nocculation test There ueio nine cases in a Inch the thymol turbidity a as 
positive while the cephalin flocculation was negative In contrast, theie was 
only one case with a positive cephalin flocculation and a negative thymol 
turbidity test 

Ohsiiuchve Jaundice — In tins senes of only twelve cases it is not possible 
to draw couclusions about the lelativc usefulness of thyunol turbidity and 
oephalin flocculation tests Neithei test can be relied upon to rale out this diag 
uosis Thou gicatest usefulness seems to be in cases of jaundice with a negative 
Jinol turbidity or eepinlin flocculation In such ciicumstnnces the chances 
ore against the likelihood of hepatitis Iloaevei, a positive tliymol tuihidity oi 
oephalin flocculation test does not rule out ohstiuctive jaundice It appeared 
ut tlic ctphaliu floceulation a as a sliohtly better diagnostic aid than the thy mol 
urhidity test in this syndrome since the thymol turbidity test was positive in 
fuses with cholangitis in which the cephalin flocculation test was negative 
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Lymphogranuloma Vene) eum — It should be pomted out that the high 
incidence of positive lesults with both tests shoivn in this leport apphes to acute 
cases It IS piobable that in chronic lymphogranuloma venereum the incideuce 
of positive tests would not be as gieat Nevertheless the possible eusteacc oi 
t his disease must be consideied when the test is employed in coloied patients 
Therapeutic Malaiia — ^Both tests were positive m all nme eases Th 
lesults heie are essentially similar to those which have appeared in the literature 


Table III Comparisov op Thamol Turbidity and Cephalin FLOCtULcnos Tests 



NUMBER OP 

TT + 

TT + 

TT - 

TT 


CASES 

CP -f 

CF - 

C P + 

C F 

Total 

567 

29% 

25% 

6% 

40% 


Table III presents a comparison of the thymol tuibidity and cepliahn (k 
culation tests of oui entiie senes Including the contiol cases theie were s i 
eases studied The thymol turbidity and cephalin flocculation tests agree lu 
69 pel cent of the eases The thjmiol turbidity was positive and the cep la^ui 
flocculation negative in 25 per cent of the eases , the thymol tuibiditi iias nCoa 
tive and the eephahn flocculation positive in 6 pei cent of the cases V 
it would seem that the thymol tuibidity test is eonsideiably more sensi ne 
the cephalin flocculation test 


Table IV Comparison op Thymol Turbidity and Cephalin Flocculation Tests i 

Diseases 


DIAGNOSIS 


Disseminated lupus erj thematosua 

Disseminated lupus erythematosus 

Dermatomj ositis 

General myositis 

bcleroderma 

Calcinosis universalis 

Pemphigus 

Pemphigus 

Porphyria 

Hypoprothrombineniia 

Elephantiasis 


tt 

IT 
16 
23 5 
17 5 
215 
12 5 
10 


3t 

3t 

3t 


Table TV shows the lesults of the thymol tuibidity and cep la m 
tests in some lare diseases Theie were two cases of dissenima flgv 

strongly positive with the thymol turbidity and negative wth 
culation Theie was one case each of deimatomyositis, geneia ^ ^jerv 
(possibly deimatomyositis, but with a negative skin and muse e 
deima and calcinosis imiveisalis (due to deimatomyositis) uniicisa^'"' 
positive in thiee of the foui cases and in the fourth case ^ nega'*'^ 

the cephalin flocculation was negative One case of pemphigus o 
lesult with both tests, wheieas in a second case the thymol tiii n of 

and the cephalm flocculation negative One case of 
idiopathic hypoprothiombinemia had negative results with hot 


THYMOL TURBIDITY TEST VIRIOUS DISBLISES 
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COMMENT 

It appears from the results just presented that the tlijinol turbidity test 
cannot be regaided solelj as a test of h\er function Positiie results ueie fre 
quentlj obtained in diseases in i\ hieli there « as no other evidence of li\ er dys 
function Such diseases included rheumatic fever, congestive heart disease 
lymphogianuloma venereum eaiomoma without liver involvement, and so on 
The thymol turbidity test should be looked upon only as a measure of abnormal 
scrum protein pattern, not necessarilj related to liv er function It is conceivable 
that many conditions othei than Iivei disease might occasion a change in the 
pattern of the serum pioteins Evidence in favor of this hypothesis is offered 
by the number of positive thymol turbidity tests m the control senes of appar 
entlj normal healthy young men and women of the professional staffs 

In cases of liver dysfunction, the thymol turbidity test is a rather sensitive 
test m such diseases as infectious hepatitis cirrhosis Weil’s disease, malaria 
and so forth While it is a gi eat aid in diagnosis of these conditions it can be 
used to foUow the progress only of uifectious hepatitis and probably Weil s 
disease Labby and co workers'® have shown that neither the thymol turbidity 
nor the cephaliii flocculation test is of value m following the progress of cases 
of cirrhosis This is unfortunate since the thymol turbidity test is a quantitative 
test and can be performed easily 

There are certain features of rheumatoid arthntis that is palmar erythema 
the remission of symptoms with the onset of jaundice, and the positive livei 
function studies,'* which seem to indicate dysfunction in the liver in rheumatoid 
arthritis The high percentage of positive thymol turbidity tests in this disease 
adds anothei link in the circumstantial ev idence of such a relationship 

It has long been recognized that lymphogranuloma venereum is a general 
ized disease The incidence of this disease is rather high among Negroes Beeson 
and lliHer*® have shown that many Negroes have abnormal serum protein reac 
tions as evidenced by positive formol gel reactions They postulated the possi 
buity that these two findings were leiated The high incidence of positive thymol 
turbidity and eephalin floeoulation tests in lymphogranuloma venereum tends 
to confirm this hypothesis 


SUMMABV 

The sera of 567 individuals were studied in order to evaluate the thymol 
turbidity test The results mdicate that the thymol turbidity test should not 
c regaided as a specific test of liver function It appears to depend upon 
a normal protein patterns winch may or may not reflect liver disease Many 
conditions ni which all other tests of livei function are normal may have a 
positive thymol turbidity test 

The test 13 of greatest value in following the progress of cases of infectious 
hepatitis 

Both thvmol turbidity and eephalin flocculation aie frequently positive in 
'miphogranuloma venereum and iheuniatoid arthritis, thus necessitating cau 
wus ov aluation of the tests in the pi csence of these diseases 
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Xegatue tlnmiol turbiditj and cephalm flocculation tests aie helplul m tic 
difteiential diagnosis between obstiueti\e jaundice and hepatogenous jatmdife 
Positue lesults, hoiievei, should not be lelied upon to lule out the po^sibilitr 
ot obstiuctne jaundice The tlmnol tiubicbty is tiequentU positne ii olntruc 
lion IS complicated bj cholangitis 
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i:th\'lene om col PoibONiNO 

A Cu'flCAL \ND P VTIIOLOGIC StUD\ Oi ThBEE C VSES 


P\UL 0 Hvgemvnn JID, St Louis, Mo, vnd Thomas R 
CHUFiXLE, MD New Havev, Conn 

C ONFUSION 111 tlie lajsiian s iiiiiid oiei the \amiig composition of anti 
freeze solntions his led to the accidental poisoning of an incicising iiiim 
bei of indniduals Undei these eiieunistanecs etlijltne gKeol solutions (foi 
example, Prestono) ha\e heen ingested nitli sciions lesults in each instance 
Such accidents might be axoided to some extent if containers of etlnlcne ghcol 
solutions Mere moie conspicuously 1 ihclcd Poison 

Etli}leue gljcol (HOCfl CIT QII) is a eoloilcss odorless Iniiiid uhich has 
a chaiacteiistie pleasant bittcrsniet llaxoi In \i\o cthjluie ghcol is o\ 
idized to oxalic acid and then to ghcollic acid Its toxicity has heen studied 
rather extensivelj expeiimentalh bx a niimbei of uoi leers 

Expertmenial Data — Page' studied the effects of ethxlene ghcol in dogs 
rabbits, and lats, and in fatal poisoning he found hemohsis of blood bloody 
unno, and distended uiinarj bladdeis Compaiing tlie toxicities of ethylene 
gljeol, propylene glycol, and diethjlenc gljeol Hoick found that animals died 
hneo as fast xwth ethylene glycol Laug and co Horkei's’ describe weakness, 
lack of coordination coma, and death in animals fed ethylene ghcol Pathologic 
studies revealed hydropic degouention of convoluted tubules and focal necrosis 
of the liver In addition, pulmonaiy congestion and hemoiihage vveie noted as 
Mcll as hemorrhages in the stomach They found the LD^o of ethylene glycol 
to be about half that of diethylene glycol in most animals These results weie 
confinned by Smyth, Seaton, and Fischer * 

Kesten and eo workers’ desciibcd cxpciimciital lenal lesions with calcium 
ovalate deposits and high blood nonpiotein nitiogcn values following ethylene 
Shcol administration Similai lesions were obsciwcd by Jloiris and associ 
ates" in rats, including the foimation of calcium oxalate hladdei stones 

Wiley and co workers' leeognizcd the conversion of ethylene glycol to 
oxalic acid m experimental animals but did not feel that such coiiveision oc 
curred in amounts sufficient to exiilam its toxicity Similai data are presented 
by Itulnios and eo woikei's’ who found crystalline deposits only in chronic tox 
■city experiments administntion of sodium ox date in appiopiiate amounts 
did not cause death in expel imenfal animals They found no hydiopic degen 
ciatioii of kidney tubules and felt that animals died of extiaicnal causes 
Wiley' dcscuhed lymphocytic meningeal reactions in experimental animals fol 
■owing ethylene glycol adnnnistiation Newnnn and associates® perfused livei-s 
"ith ethylene glycol and found oxygen consumption depressed and lactic acid 
formation increased 


BampPSO' ■■*■■ Department of Metllclne VVlasliInston UnWeraitr Scliool of Meilicine anl the 
Conn "“’■■■■al St Loula Mo and the nepartment of Patholoej Vale UnUcrsltj New Haven 

neccieed for publication Jan 11 UMS 
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Expel imental evidence thus suggests that ethylene glycol acts as a de 
pressant to the cential nervous system and pioduces lesions in the kidney, liver, 
and lung 

Clinical Data — Bachem (1917)^“ diank ethylene glycol and obsened an 
mcrease in excretion of oxalie acid in the uiine In 1927 Page* drank 15 cc 
diluted without effect 


In 1930 Hausen** repoited two eases with lecoveiy Decapsulation of the 
kidney was perfonned in one instance In the same yeai Biekke*- repoited tno 
cases successfully treated with unilateial lenal decapsulation Three additional 
eases have been reported in brief **• ** 

In 1943 Boemke*'* reported four fatal cases with necropsy finduigH T«o 
of his patients exhibited hypeieniia of the brain and leptomeninges, small mig 
hemorrhages in the biam stem, and peiivaseulai cell mfiltiates m the gravand 
white matter of the cerebrum Sections of the kidneys revealed dilated tubules 
with fat droplets in the epithelium The lumen of tubules contained Inalme 
material, crystals, and red blood cells Boemke attributed changes in the brain 


to previous typhus infections 

A clmical and pathologic lepoit of eighteen fatal cases was pubhshedbi 
Pons and Custer *“ The elinieal description of these cases emphasized the pifr 
dominance of the neurological manifestations, that is, coma, convulsions, an 

soon The urine contamed oxalate crystals m each recorded instance AUtis 

sues were congested Calcium oxalate crystals were seen m all kidney sections 
and in occasional biam sections The authors emphasized the mflaniinatorv 
leaction seen peiivaseulaily m the biain and diffusely in the meninges In some 
instances hemoiihage accompanied this infiltiation Degenerative changes in 
cells of the brain were also found Tliese aiitliois felt the lesions m the centra^ 
nervous system explained the fatal outcome in acute severe ethvlene gl'W 


poisoning ^ 

Another case vath clinical and pathologic findings has been reported m 
tail by hDlles** This patient was euphoric and later depressed, he deveope^ 
hypertension and fever and died twenty-two hours following the mgestion 
ethylene glycol Autopsy revealed pulmonary edema, injection of 
and swollen and vacuolated livei cells The glomerular capillaries 
tended and tubular epithelium was swollen Crystals were seen in the tii 
The acute course was attributed to oxalate poisoning, and several therape 
suggestions were given with this in mind 


CASE PRESENTATIONS , 

The three patients heiem presented were admitted to the 
at Los Alamos, N M , following a dnnking bout dining which one o 
tims induced his fi lends to share his “wine ” The quantities to 

not be estimated with any accuracy The material was consumed fiom 
five hours prior to admission 

I I iB 

Case 1 — B , a 36 year old Spanish American, v\ as admitted to the hosp 
about three hours after he had ingested the “green wine ” 
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Physical Exarnuiatton Tlie temperature was 101 F , pul*^ rate 128, aud respiratory 
rate, 44 Slight cyanosis was present Qrcenish froth exuded from fhe nose and mouth 
The pupils reacted to light Heart, lungs and abdomen were negative Blood pressure uas 
J^O/OO J?eJ3exes were absent and extremitiea were flaccid 

Laboratory Examuiation The red blood count was 5,350,000 henioglobm content, 14 5 
Gm, per 300 cc, and white blood count 32,100 Hi/fercntnl uhite cell count was as follows 
neutrophiles, 91 per cent, stab forms, 4 per cent, metaniyclocy tCR, 1 per cent lymphocytes, 1 
per cent, monocytes, 3 per cent Unnnlysis s]iowi.d n specific gravity of 1 009, acid reaction 
a trace of albumin, 2 plus ‘’ugar (glucose i\) numerous red blood cells and a few crystals 
resembling hippunc acid Spinal fluid was slightly cloudy and contained 214 wlute blood 
cells per cubic millimeter, globulin was 4 plus and total protein was 170 mg per cent Blood 
iionprotem nitrogen was 81 mg per cent and carbon dioxide combining power was 7 5 vol 
umes per cent 

Course The stomach was immediately Hvaged with 4 per cent solution of sodium 
bicarbonate, and 500 cc of this solution wero left m the stomach One liter of 10 per cent 
glucose in distilled water and 1 liter of one siith molar sodium lactate in nor 
nial saline were given intravenously Oxygen was given by nasal catheter Tho pa 
tient remained unconscious, tho pulse became very rapid and weak and the respira 
tions rapid, deep and labored Tho nasal tube was inserted twelve hours after admission and 
2 Gm of sodium bicarbonate wore given by tube each hour for six doses A senes of gen 
eralized convulsions began at tins time and tho blood pressure fell to 60/20 Magnesium 
8 ulfat 0 was given intramuscularly in an effort to control convulsions An additional 2 liters 
of one-sixth molar soduim lactate were given The patient expired twenty hours after ad 
tnission. 

Case 2— M S, a 27 year old Sxianish American, was found unconscious in a furnace 
room, where he evidently had collapsed wluJe attempting to carry out bis duties as a fireman 
Approximately throe hours previously he was reported to liavo consumed some green liquid 
with the first patient 

Physical Examination Temperature was 98 F pulse rate, 90, respiratory rate, 32, 
and blood pressure 140/90 Tlio patient was comatose but reacted slightly to painful stimuli 
Pupils were dilated but reacted to light Heart, lungs and abdomen wore not notable The 
hmbs were flaccid and reflexes were absent 

Laboratory Examination Blood count revealed 5 820 000 red blood cells, 18 8 Qm 
hemoglobin, and 37,200 white blood cells Tho differential white cell count was as follows 
neutrophiles 85 per cent, stab forms, 4 per cent lymphocytes 1 per cent, monocytes 10 per 
cent. Urinalysis showed a specific gravity of 1 009, acid reaction, n trace of albumin and 
sugar, 3 to 5 red blood cells per high power field, and numerous crystals resembling hippunc 
ucid The spinal fluid was slightly cloudy and contained C3 white blood cells per cubic 
niiUimeter globubn was 4 plus and total protein, 170 mg per cent Blood nonprotein nitrogen 
"as 6b mg per cent, and carbon dioxide combiiuug power, 7 5 volumes per cent 

Course Therapeutic efforts were identical with those dtscribed m Case 1, namely 
gustne lavage, liberal administration of fluids alkali, and oxygen Tho patient remained 
comatose tho pujso rate ro«o to 130 and the respiratory rate to 30 Breathing was deep 
labored and rapid Blood pressure rose to 190/105 Generalized convulsions began fifteen 
liours after admission, following which the patient failed rapidly with a fall in blood pressure 
to 70/40 The patient expired seventeen hours after admission 

Case 3 — p a 53 year old Spanish American, was brought to tho hospital for ob 
semtion because ho had consumed one drink of tho same liquid Tho patient was at work 
w en contacted and except for appearing slightly intoxicated and unsteady was m satisfac 
|ory condition la addition to tho drink, which was consumed eleven hours before admission 
0 patient liad had several bottles of beer and several "shots’* of whiskey during the day 
cro bad been no nausea, vomiting or other untoward symptoms 
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Pliy<iical Examination The rectal temperature ^^as 98° F, pulse rate, 130, and re-pira 
tory rate, 24 The patient uas well oriented, cooperatue, and did not appear ill Cob 
punctual vessels Mere injected The pupils were small and reaction to light nas questioaabfe 
No other abnormalities were noted 

Lahoratoiy Examination Bed blood cell count Mas 4,980,000, liemoglobm content 
12 4 Gm per 100 cc, white blood cell count, 40,000 DitTereiitial Mliite cell count rerealed 
neutrophiles, 89 per tent, stab forms, 10 per cent, lymphocytes, 3 per cent, and monoc}t^, S 
per cent Urmaljsis showed a specitic gravity of 1 009, acid reaction, no albumin or 'ugar, 
there were numerous led blood cells and crystals resembling hippuric acid fetomaci con 
tent showed no free by drocldoric acid and 4 plus occult blood Spinal fluid contamed o9 wlite 
blood cells per cubic millimeter, 4 plus globulin, and tot il protems of 124 mg per cent 
Blood nonprotein nitrogen was 59 mg per cent and carbon dioxide combining power, o ToluicPi 
pel cent 

Course Three houis after admission the patient became restless and lapsed mto coins- 
Oxygen Mas administered and 1 liter of one sixth molir sodium lactite was gnca utra 
\enously Eespiritions Mere shalloM and lapid Blood piessure was 195/80 bine tone 
after admission lospirations became very labored and shortly thereafter the patient became 
cyanotic and respirations ceased The patient Mas revued Mith aitiflcial respiration, adrenabn, 
and Coramine, but remained comatose The pulse remained rapid and weak and re pirations 
Mere deep and labored A second liter of one sixth molar sodium lactate was given Sodnim 
bicarbonate (2 Gm ) Mas given by nasal tube every two hours for four doses The patent 
expired seventeen hours after admission 

Autopsy Findings — 

Gtoss Pathology The exteinal appeaianee in all tliiee instances "as iwl 
lemaikable Livoi moitis and a modciate degiee of iigoi mortis weie prestof 
Following the piimaiy incision, in each ease the luinaiy bladdei tias found b 
be greatly distended to the level of the umbilicus and filled with clear, pah 
mine In all tluee, the gioss appeaianee of the oigans was neaily idealrf 
save foi the piesence of active tiibeiculous pulinonaij' lesions in Cases loud - 

All oigans showed modeiate to seveic engoigenient of vessels Altlioug 
the peiitoneal sui faces weie not leniaikable, the pleiual sui faces, both Mscew 
and paiietal, weie studded Avith petechial henioi rhages, hemoiihagie stira , 
and seveial laige subpleuial hematomas The lungs weie maikedlv congest i 
moie so m the posteiioi dependent poitions, and on cioss section reie 
multiple small hemorihagic aieas scatteied thioughout the paienchvnia, laipUo 
in numbei in each case The peiicaidium was of normal appeaianee, hut 
enieaidial surface was streaked with large, recent hemoiihages sonietunes leue 
ing the piopoitions of hematomas These hemoiihages iveie found pimeipu 
along the coionaiy vessels and then blanches and ovei the auricles Inoneco 
tiny hemoiihages weie observed in the adventitia of the superior j 

neai the heart, in another, siniilai peteclual hemoiihages were seen 
adventitia of the ascending aoita The relative size of the hearts vas no 
malleable and no cardiac dilatation was noted Grossly the myoeaidiuni i 
not significantly altered, but in one case small hemoiihages weie seen w 
endocardium 

The stomachs and intestines weie not lemaikable, except foi 
occasional small mucosal hemoiihages The mucosa of the esophagus, in 
case, was smoky^-gray in color with one or two small points of epithelial 
mg The livers were not enlarged, they weie deep reddish brown m color 
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distinct markings, but showed no otliei significant changes Tlie kidneys ii ere 
of normal size and niarkedlj congested, and in one a few petechial hemorrhages 
were noted under the capsule Small hcmoirhages neie seen in the pehio lining 
of all and in the bladdei mucosa of t«o 

The brain, in each case, showed inaiked vasculai engoigement with scat 
tered petechial lieinoi rhagcs o\ei the surfaces and within the sulci The ceie 
brospmal fluid was grossly deal and the \entiicles were uot dilated Coional 
sections at 1 0 cm inten als show ed only congested and dilated vessels in two in 
stances, and in a third, a few scatteied petechial hemoirhages in the white mat 
ter In two instances, recent hemorihage was present in the mastoid cells 
Ihstopathology The niieroseopic pietnies of all thiec were lelatiielj 
smiilar to one another except foi lariations in degree which will be mentioned 
No space will be given to dcsciiption of the tuberculous lesions of the lungs 
Tissue sections fioin the lungs icicaled inodeiate aUeolai distension, emphy 
sema and laiiable degrees of capillarj congestion especially in the dependent 
portions of the lungs In all lobes many small and laige aieas of lecciit hem 
orrhage within the paienchynia and subpleuially were noted The alveolar 
walla mtermittently presented a uniform pink staining mateiial having a 
fibrmoid appearance (Fig 1) This matciial formed heavy deposits hning 
the ah eolai walls, sometimes sloughing off into the alveolar spaces Some of the 
capillary endothelial cells were swollen and in many places aetualh appeared 
degenerate and became contiguous with the fibim like deposits In Cases 2 and 3 
congestion and hemorrhage were marked but the fibrin bke deposits were seen 
only in scattered places 

Sections of the myocardium in each case showed many large recent 
extravasations of led cells uiidoi tlie epicaidi il membrane and scatteied thiough 
out the myocaidium between the muscle fibci bundles (Fig 2) The vessels 
again were markedly dilated and vciy occasionally by aim like degeneration 
of the eapillaiy wall similai in chaiacter to that of the pulmonary capillaries 
was found There wore aieus in which dcgenei ativ c changes of the myocaidial 
fibers had taken place consisting of intei-stitial edema swelling of the fibers 
and loss of cioss stiiations A fat stain (sudan II) revealed a diffuse deposit 
of finely granular lipoid substance in the muscle fibers 

Although grossly the livcft showed no specific clnnges the sections evinced 
a fairlv well preserved architecture with the pieseiico of wide zones of edema 
between the liver cold cells and the venous sinusoids In most instances, these 
wide edematous spaces contained variable quantities of amorphous albuminous 
material (Pig 3) The hiei cells although well pieserved were filled with 
many large vacuoles Sudan II staining levcaled niinieroiis fit droplets in the 
cytoplasm of the liver cells This was especiallv sinking ccntially, but af 
fected about three fourths of the lobule (Fig 4) Sections of the spleen showed 
foci of hemorrhage and diffuse congestion 

Sections of the esophagus revealed lathci well pi-eserved epitlielnini which 
Was raised from its base and uitcnuptcd 111 two 01 three places An occasional 
nucleus appealed pyknotie but foi the most part the cells were normal and 
stained well The immediate subepitlielial layers were intensely congested with 




Note the tv ell preserved 


Fig 6 — Tufted crystalline deposits In renal tubule Note the well preserved eplthell 

(X070) 

a few small hemoiihagcs The vessels, howevei, did not show 
degeneiation of focal neciosis Sections of the stomach and smal an 
intestine weie not especially lemaikable Tlieie was maiked capiUan'^^ 
tion, engoigement, and edema of the lamina piopiia Occasionally saia 
onhages weic seen ^ 

The kidneys showed the most stiiking distention of capiHnneb, ai^ 
and venules alike In many instances, theie weie small ^ 

e\tiavasated outside the vessel walls The glomeiuli weie laige bu ^ 
piolifeiation of epithelium oi endothelium, heie, too, theie was 


aiteiiolt^ 


tention of the capillary loops foiming lakes of blood which could he 
as tiue stasis There was no evidence of capillaiy degeneiation noi 
neciotic muial ohn 110*00 cnoVi «if ixrfn n fnnrj in +llO InTUT 


neciotic muial changes such as Aveic seen in the lung Altlioio ^ 

epithelium was well pieseived, appioximately two thuds of tlie 
contained laige giayish cij'stals, many appearing as shocks gdicis 

cential binding similai to sulfathiazole ciystals but sniallei ( *ia pojiti'^ 
showed iiiegulai plate-like appeaiaiice similai to uiic acid ciysta s 

identification of these ciystals was not made , „ plie 

XT . the hima 0“ 

JSumeious sections weie taken fioni vaiious poitions ox T(,j]tatc i'" 

fiontal and occipital lobes, the inteiiial capsule, ceiebeUum an ^ 

cleus, pons, medulla, and olive) and spinal cold The changes ni 
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of preJorainan^vn'eutMniSte i*'® P‘^ arachnoid Is chiefly perivascular consisting 

and extravasate^ red^eFls moderate numbers of lymphocytes and pale monocjtes 
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sections included simple vasculai congestion, the diapedesis of leucocytes into 
the penvascular spaces, the extiavasation of red cells, and frank exudatne 
memgo-encephalitis (Fig 6) Some vessels showed only modeiate numbers oi 
leucocytes infiltiating thiough the vessel walls and filling the perivascular 
space This infiltiate consisted chiefly of neutiophiles with varying numbeis 
of lynnphocytes and palely stained mononucleai cells Othei vessels showed 
perivasculai infiltiations of equal numbei-s of leucocytes and led cells (Fig 7) 
Occasionally, however, only led cells weie seen about the vessels, sonietmiesin 
ling form In only one of these eases (Case 1) was the pia-araclmoid found 
to be univei sally infiltiated with evtiavasated blood, serum, and leucocytes, 
piincipally neutiophiles In this ease, the supeidicial vessels of the paienehynia 
also showed a maiked peiivaseulai cuffing with neutrophiles, lymphocy tes, and 
occasional monocytes In the lemaming two eases only'' few focal areas of menin 
geal infiltiation were seen, the principal changes being congestion, edema, and 
focal hemoiihages These vasculai changes were found m aU sections of tie 
biain stem and in the spinal coid as well Some of the small vessels were fifed 
with hemolyzed blood cells Curiously enough, in one section of the internal 
capsule (Case 2) seveial of the small capillaries exlnbited cijstallme tufts ex 
actly sunilai to those foimd in the leiial tubules With toluidine bluestam,^ 
most instances, the ganglion cells appealed to be well preseived and arrang 
peipendieularly to the biain surface Howevei, m each case theie were sea 
teied focal aieas of derangement of these laige cells which stained deep!) an 
appeared somewhat pyknotie Occasionally chromatolysis as well as sat ksis 
■with oligodendioglia was observed Early chiomatolytic changes of the gaiio 
cells of the spinal eoid were also seen Myelin stains showed no abnorm 
and modified Spielmeyer’s stain of peripheral nerves showed no evi ence 
demyelmization of nerve fibers 

Sections of thoracic and abdominal lymph nodes, aorta, bone mariow, 
tate, testis, adrenals, thyroid, pituitary, and peripheral nerves showe 
nificant alteiatioiis 


TjVBle I Ethylene Glycol Content of Tissues and Urine 
(Expressed in Milliorams Per Cent) 



CASE 1 

CASE 2 

Brain 

Liver 

Kidnej 

■Urine 

500 

133 

410 

1050 

450 

100 

440 

1000 



1 1 , Jjjgv 

Chemical Laboiatoiy Analysis Portions of brain, liver, an 
analyzed for presence oi absence of common poisons and ethydene g „ 2 stnii 
samples in each case were submitted as well as samples of the uiuie 
contents The post-nioitem gastric contents were negative 
were entirely negative foi the common volatile poisons, 
metals Special piocediiies were instituted for the qualitative an Q 
assay of ethylene glycol and the results aie incorporated in Table 
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Technique employed for detection of ethylene gljcol m bodj tissues and urine 
Brain, Liver, and Kidney Twenty five grams of ti'^suue \\ere chopped finely with 
scissors and transferred to a 500 ml side arm distilling flask 20 to 25 c c distilled vvater 
were added Steam distillation was carried out until oO c c of distillate were obtained The 
residue was centrifuged and the total volume measured and made up to 50 cubic cpntimeters 
Two cubic centimeters of 2/3 N sulfuric acid and 2 c c 10 per cent sodium tungstate were 
added to 16 c c of the supernatant fluid To 5 cc of tho filtrate were added 2 5 c.c 2 per 
cent potassium permanganate and Qti cc concentrated '^ulfurm vcid Vfter standing five 
minute^, 05 cc 10 per cent o'alie acid and 06 cc concentrated sulfuric acid were added 
After the solutions became colorless 5 c c ScIiilT a reagent were added After fifteen mm 
utea tho unknowns were compared ivuth standards that were prepared simultaneously Normal 
body tissues were employed as controls These were uniformly negative for ethylene glycol 
Urine Urmo was tested in a similar manner One cubic centimeter urine plus 4 cc 
distilled ivater were used instead of tho 5 cc filtrate employed in tissue analysis Normal 
controls were again negative 

formaldehyde was detected in unne by adding 1 cc Sehiff s reagent to 3 c c distilled 
water and 1 c c unne The pmk colors were compared wUh standards prepared simultaneously 

The urine also uas found to contain small quantities of formaldehyde 
(presumably an oiidation by product) m the fono\sing amounts 

Case 1 4 0 mg per cent 

Case 2 5 2 mg per cent 

Case 3 4 4 mg per cent 

The heaviest concentrations of tlie specific agent in the brain and m the unne 
^vere found m Case 1 Coirespoudingly, tlie tissue sections slioued the most 
■iommant lesions histologically 


DISCUSSION 

The bottle from uhich these patienti» drank an unknown quantity yyas 
shown by analysis to contain a 40 per cent solution of ethylene glycol Tests 
for methyl alcohol on the same liquid were negative 

Tlie picture presented by all three paUents was strikingly similar beino 
eharacteiized by coma, acidosis, hypertension, convulsions, and death The 
Widespread to\ic reaction was evidenced clinically by the e\treme leucocytosis 
albummuna, microscopic hematuna, nitrogen letention, lowered tax bon dioxide 
combining power and spinal fluid changes Tiie therapeutic eftorts had no ap 
parent benefical effect 

The pathogenesis of ethylene givcol toxicity in man is not clearly uudci 
stood. Pons and Custer^® attributed tlie mam effect to a chemical meningitis 
Sillies to oxalate poisoning The evndeiice presented nr these three eases 
s>eems to indicate widespread capillary damage Tins is assumed to be the 
primary lesion Widespread hemorrhages I'csult as seen m pleuia lung heart, 
Pericardium, kidney, and brain In all three, the brains and vessels were eon 
Bested with perivascular infiltration of leucoeyqes and red blood cells In 
^ase 1 tlie changes in the meumges and brain weio more diffuse and well 
developed, suggesting a chemical meningoencephalitis The edema and fat 
infiltration seen m tlie liver weie striking and presuniablv represent a direct 
oxie effect Crystals (presumably calcium oxalate) seen in kidiiev tubules 
nnd in the bram were considered a chanetcnstic but unimportant finding 
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The demoiistiation of ethylene glycol in body tissues and in postmortem 
mine senes to demonstiate its wide distiibiition coiiesponduig with the du 
fuse pathologic lesions The high concentiation of the chemical m the urmc 
le-emphasizes that the pimcipal path of excietion is iia the kidiiei 
Specific theiapeutic measmes do not seem to be at hand 
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THL ACTION OF PILOCAFPINE ON THE LUNGS IN NOEIMAL AND 
ASTHiMATIC SUBJECTS 


John J Curry, JiI D , and S vjiuel E Le vrd il D 
Boston Mass 

T he icaction of the tiaclieobionclnal tiee to histamine and acetjlbeta 
metlijlchohne (Mecholjl ehloiide) m noimal and nstlimatic subjects Ins 
been desciibed by one of us (J J C ) in pievioiis lopoits'^ While it was 
sho\vn that m the lattei subjects the parenteral injection of eithei histamine or 
Meclioljl chloiide induced asthma like attacks, with reduction in the vital 
capacity, it appeared that the respiiatory titict was moie icaetne to Mechohl 
chloride than to histamine in manj of the cases In ^ lew of tlie implication ot 
these findings ivith regaid to the etiologj and possibly tlie theiap\ of spon 
taneous asthma, it was felt that fuither study of the lole of the parasympathetic 
nemus system in bionchial astlmia was wairanted The piesent communication 
deals with the action of a paiasympatbomimetic diug pilocaipme on the tiacheo 
bronchial tiee in normal and asthmatic subjects Compaiison of the lespiia 
tory leaction aftei pilocaipme with that following Mecholyl chlondc, and m 
some instances Piostignuue is also made m an attempt to fuinish furthei in 
formation on the pharmacodynamic action of pilocaipme 

Pew studies on pilocaipme ha\e been made in man e\cept those dealing 
With the action of the drug on the sweat glands This substance acts on cells 
niner\ated bj postganglionic cholmeigic fibeis and cxliibits most of the mus 
carimc but not the nicotinic piopeitics of acetylcholine* It is not clear 
whethei or not pilocaipme pioduces a discbaige of epmephimc fioni the ad 
renal gland foi theie aie conflicting lepoits’ The occurience of such a dis 
charge would mfluence our studies since epmephniie causes pronounced broncho 
dilation and counteracts the action of some paiasvTupathomimetic dings on the 
lespnatory tiact lu asthmatic subjects** In 1921 Alexander and Piddoek** 
ga\e 3 nig of pilocaipme subcutaneously to twenty asthmatic patients and m 
ten, asthmatic like attacks weie precipitated as a lesult of the injection 

METHOD \ND M VTERLVLS 

lilocarpino liydrochlondc was admimstcrcd intramuscularly or mtraicnou ly m doses 
1 to 5 lug to a group of normal subjects and to a group of asthmatic patients The 
reaction of the re piratorj tract was measured chiefly b^ recording, tho vital capacity on a 
Tapidlj moving drum accorduig to a method prOMOusly described ^ Tho first group was com 
posed of ten subjects who lud no personal or family history of allergy and no signs or 
'aiptoina of allergic di ease or bronchitis In tho second group uere seventeen ambulatory 
patients with bronchial asthma No attempt was mado to cla ify tho type of asthma but 
the majority of patients were young adults subject to attacks at anv time during the year For 

This work was supjwrtc I in part b> a grunt from the Lpjohii Compiny Ivalamazoo illch 
Robert Daw on E\ans Mtiimrlil Massachusetts Memorial Hospitals and tho 
^ of Mcdlcint Boston Unl\ r lt> bchool of 3i«.dicine 

Rccel\eii for pubUcatlon Jan ”0 lOis 
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purposes of compansoE thej ^ere dnidtd mto three groups, dependmg chiefly on the bbeW 
and sererm of the attacks Tlio majontj of these subjects had been studied pre™uJv,U 
performed numerous Mtal capacity tests, and Mere well trained and very coopereme 
ilocarpme hydroclUorido* was dissolved in sterile isotonic sahno to a concentration ol 
mg per miUiliter and placed in a sterile rubber capped bottle The solution iras repkt»' 
at monthly intervals and stored in a refrigerator Mhen not in use 


RESULTS \ND COMMENT 

Nojinal Subjects — In the gioup of ten noimal subjects the mtravaio’ji 
injection of 2 to 5 mg ot pilocaipine piodueed no significant i eduction in tte 
\ital capacity' (Table I) Siniilai results weie obtained aftei 6 mg doses of 
Meebohl cbloiide gnen intiamusculailv in a pietious study'^ There nasio 
siibjeetne sensation ot tightness in the cb&st aitei pilocaipine, however, a 


Table I Efiect op the Intiluenols Admimstr.\tio\ op 2 to 5 no of Phocaefb' 
Hydpocjiloridf o\ the Vitvl Cvpvcitv i\ Tes Xorjtal Subjects 






1 vital cAPAcrrr 

subject 

VGE 
(\P ) 

SE\ 

PILOCVKI l\h 
(l \ , MG ) 

BEFOEE 

DPIG 

(Ml) 

CHANGE 

1 W) 

T H 

32 

M 

7 

O 

■4441 

4107 

- 4 
-10 

E C 

29 

il 

3 

3450 

T J 

L J 

25 

M 

3 

5214 

n 1 

H 0 

23 

M 

2 

4953 

T 5 

S L 

30 

M 

2 

5 

4577 

4452 

HUH 

J C 

32 

M 

2 

5 


T - 

tJ 

S K 

30 

M 

3 

5 

4389 

4452 

- Oj 

4 

J & 

26 

il 

3 

3563 

Jl2____ 

E F 

P K 

25 

32 

M 

it 

3 

3 

4765 

4060 


noted foUovving the adniimstiation of Jlecholyl chloiide Coughing S 
perienced occasionally and salivation peisisted loi a longei peiiodof tune 
pilocaipine than aftei Mecholyl chloiide The increase in vital capacil^ ^ 
pilocaipme m some of the subjects peihaps might have been due to the an 
they vveie not so well tiained as the asthmatic gioup Howevei, 
vital capacities were unifoim The sweating i espouse m this group ® 
compaiable doses of pilocaipine was appaientlw unifoim as judged by 
obseivation The heart rate was consistently elevated In these respec 
findings weie similar to those obtamed with ilecholyl 

Asthmatw Siibjects — All of the seventeen asthmatic patients 
reduction in vital capacity after the admmistiation of 1 to 4 mg of 
intramusculailv oi intiav'enously and in many instances the 
(Table II) Howevei, one subject (J B ), who had mild asthma, ha 
tion of onlv' 2 pei cent with 4 mg by' vein, and another subject (R ’ 


•Supplied b> ilerck and Compan> Inc Rah^a\ a'T J 
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TVBLE II EffECT OF THE I\TR.Viru?CUI-.\R OR INTRAVENOUS ADMIVISTRATIOS OP 1 TO 4 MG 
OP Pilocarpine on the Vital Capacity in Seventeen Patients With asthma Compared 
With the Effect of AIeciiolyl Chloride 


SUBJECT 

j 

j 

1 AGE 
i (YB.) 

P G 

29 

B C 42 

W J 

14 



DRUG U)iIlNlSTERED 
PILOCABPIKE I 
I -I j IV j CHLO] 
(MO 


VITAL CAPACITY 


MECHOLVL BEFORE 
CHLORIDE DRUG 
(IM MG j (ML,) 


‘^469 

3647 

4 4159 



. „ Asthma patients with onlj a post history of asthma or with one or two attacks a jear 
patients with asthmatic paroxisms one or two times a month 3+ asthma patients 
vn one or two attacks or more a week 


<laily asthmatic paroxjsins, had a leductioii iii vital capacity of onlj 1 per cent 
"ith an intravenous dose of 2 miiligrains The latter subject also experienced 
a reduction in vital eapaeitj of only 3 per cent after histamine but m contrast 
the intramusculai administration of 2 mg of Mecholjl eliloride was followed bv 
a decrease iii vital capacity of 48 per cent from the icstiiig level of 2,404 milli 
liters All the astlmiatie patients given up to 6 mg of llecholjl chloride m a 
previous studj also reacted with a reduction in vital capacitj The iiitensitv 
of the astlima like attack and the degree of reduction in vital capacitj were 
greater after Jlecholjl chloride than iffcr pilocarpine with the doses used in 
•Iiese studies 
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The degiee of flushing, salivation, and sweating in the asthmatic patient 
did not appeal to diftei fiom the lesponses seen in the iioimal subjects attcr 
compaiable doses of piloeaipiiic In this lespect oiu findings difteied fioni ttiO'C 
of Ale\andei and Paddock,^- who coiieluded that fluslnng, salu ation, aud sneat 
mg weie soniewdiat nioie pionoiinced in asthmatic patients than in normal sub- 
jects with siniilai doses of pilocaipiiie The leaction pattern of the tracbeo- 
bionchial tiee, as deteinimcd bj lepeated Mtal capacity tests at uiteuals after 
the mjection of pilocaipinc, wms vaiiablc, in contiast to the leaction after hsta 
mine and Meeholyl 

Int)amubculut Injection — After tlie intiaimtseulai injection of 3 to 4 iii" 
of pilocarpine iii the asthmatie patients, flushing, salivation, and mild sweating 
appeared within a few minutes, but the ma\imuin reduction in Mtal capacitv 
did not ocelli for from si\ to tw'enty-five minutes The following case lUustratea 
the leaction of Subject P G (Pig 1) to the mtiamusculai injection of 3 m" 


fG » 261 
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of pilocarpine In the fii-st si\ minutes aftei the injection, Yital 

jeetive sensation of tightness in the chest, there was no leduction m 
capacity However, fifteen minutes following the pilocarpine a 
there was a i eduction of 543 ml m the vital capacity and “JJg vital 

The reaction to the drug had disappeared in tliiity minutes 
capacity was near the restmg level The delay in appeal aiice of 
the chest and the more prolonged delay in leduetion in the 
lowing the injection of pilocarpine clearly is not due to slow ^ a few 
other systemic effects such as salivation and flushing are manifest 
minutes after administration of the drug In this respect the leac i 
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Inelicohionchial tree aftei iiitiamusculai piloeajpnie diftcra fiom the leaetion 
due to mtiamuscular Jletliolyl chloride Aftei the latter a notable reduction 
111 vital capacity is present in tiro minutes and the ma\imal efteet is piesout iii 
four to SIN mmutes In manj eases the iital capacity niaj haie returned neailj 
to tile resting level fifteen mmutes aftei the intramuscular administration ol 
tile drug It IS interesting to note that the i eduction in iital capaeitj in astli 
inatie subjects due to intianuiseular oi lutiaveiious Prostigmine inethj Isulfate^’ 
IS similarlj delajed in onset and resembles the tracheobronchial leaction due to 
mtiamuscular piloeaipine As will be shown later a second and delajed le 
duetion in vital capacitj was also found ui many of out subjects after the uitia 
venous adminisbation of pilocarpine The precise explanation for this delai 
of tracheobronchial reaction to piloeaipnic is not clear It is possible that the 
liberation of epmepluine as a lesult of the injection maj in some uav manifest 
a temporai'j pioteoting action against the traeheobi oneliial effect of the drug 
It Will be shown subsequentlj that epinephrine maj affoid protection against 
the effect of pilocarpine in the lungs without affecting the flushing salivation, 
and sweating that result fiom its admiiiistratzoii Purtliei studies are necessai-j 
(0 explain these findings 
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ClMogcs In Oie sUal capacllj Uurine Uia preclpltatloa or an asthmatic at^ck in 

subject R. c with I 0 mg of Bllocamlne Ellen Intravonou 1> Hortaontal line represents Umo 
Hif’lbutes attcr the injection Interrupted lertlcal line Indicates change from one to aic 
hUOute time lulenals 


Intraiettoits Injection — Aftei the lutiaicnous administration of 1 to -1 mg 
“f pilocarpine the greatest icduction in vital cap-icitv in most of the patients 
with asthma occuricd in thutv seconds In a feu ciscs theic u is a grcatci 
irducliou tlii-ce minutes aftei the administiation of the drug In maiij cases 
dter a VI ell established trend m the vital capuiti loinrd the resting levels, 
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theie was an evanescent secondaiy decrease in vital capacity tea to fifteen mm 
ntes aftei injection This second reduction, although small, appealed to be a 
lesult of the pilocaipine injection since the subjects weie well trained and such 
vaiiations weie not oidinaiily e\peiienced after histamine and meeliolyl The 
decrease in vital capacity vaiied in amount and was never of the same degree as 
the initial response to the diug Even in the same subject it vaiied ivith sue 
cessive identical doses of pilocaipine and did not always oecui 

In one patient (E C ) (Pig 2) a dose of 1 mg of pilocaipine produced a 
notable reduction in vital capacity, and when a definite tiend tow aid normal, 
together with subjective improvement, had been established, an asthmatic at 
tack oecui led A marked, further dcciease in vital capacity resulted This 
attack was readily alleviated by inhalation of aerosolized Isupiel l-(3', I'dihv 
dio\yphenyl)-2-isopiopylaminoethanol hydiochloiide * 

The decrease in vital capacity following the mtiavenous injection of pib 
car pine was greater than that due to inti'amuseulai adrmnistiation of unequal 
dose of the drug, but the latio was variable In Subject P W, 3 mg of pilo- 
carpine injected intiamuseulaily produced a reduction in ratal capacity of 9 per 
cent, 01 282 ml , whereas an identical dose given intiavenously caused a decrease 
of 18 per cent, oi 501 milliliters On anothei occasion 1 mg of pilocarpine 
were given intiamuseulaily and the vital capacity decreased 8 pei cent, or 19 
ml , whereas a similar dose by vein caused a reduction of 35 per cent, or 9 
milliliters In another subject (W B ) 3 mg of pilocaipine injected mtra 
museulaily reduced the vital capacity 9 per cent, oi 292 ml, whereas the same 
dose given intravenously caused a dcciease of 33 per cent, or 1,004 niiUi^em 
In comparison with these studies the leaetion of the respiratory tract to Mec oi 
chloride given intravenously appealed to be ten to fifty times gieater than an 
identical dose given by the intiamnscular route 

In foui subjects, 0 5 mg of Piostigmine methylsulfate was admmistere^ 
fifteen to thirty minutes prior to tlie injection of pilocarpine In two 
it appeared to augment the action of pilocaipine on the tiaeheobionchia 
Poi example, in Subject J D 2 mg of pilocaipine given jujii 

a reduction of 291 ml in the vital capacity fioni the resting level of 2, 
liteis When the level had letunied toward iioinial, 0 5 mg 
injected by vein and the vital capacity’’ fourteen minutes later 
ml, a 1 eduction due to Prostigmine itself of 303 millilitei-s A 
of pilocaipine was repeated one minute later and a fuithei reduction of - 
was noted The systemic effects of pilocaipine — namely, flushing, 
and sweating — also appeared to be augmented by the action of 
two instances Piostigmine did not apppear to augment either tie 
bronchial or systemic effects of pilocaipine 

When repeated identical doses of pilocaipine weie administeicd at 
minute intervals to five subjects, variable results were obtained 
jects similar reductions in vital capacity occuied, but in the othei ^ of 
peaied that with successive doses theie was a markedly diminisic 

•Furnished by Frederick Steams A Co Detroit Mich 
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the drug in icducmg the -Vital capacit} For example, in Subject B S (Pig 3) 
the mtravenous injection of 2 mg of pilocaipiiie caused a reduction of \ital 
capacity to 376 ml from a lestiug level of 1,996 miUiliters A second injec 
tion fortj five minutes later produced a reduction to 993 ml and a thud dose 
thirty minutes later reduced the vital capacity only to 1,379 milliliters The 

0S 0 399 



MiNUtCS 

3 —Comparative effect on the vltol capaclt> of Uiree 0 me doses of pilocarpine 
injected Intravenously at Intervals Horizontal line represents time In minutes after the InJec 
lion. Interrupted vertical line Indicates change from one to five minute time Intervals 



—The effectiveness of 0 1 n»t, e| IiiLplirlne Uv n Inlrui >u«cultirl> in blockJnj, the 
L^^cUon In vital capacitv caused b> the liitrav iioua Injection of 4 0 nig of pHocarpInt The 
line repre enta lime In minutes after the Inject! n The Interrupted vertical line 
‘cate* a change from one to five minute lime Intervals. 


The Interrupted vertical line 
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subjective sensation of tightness in the chest also became less with lepeatedm 
jections In anothei subject (P G) a siniilai ti end lesulted aftei four sm 
cessive injections at thutj’’-minute inteivals, so that the final injection pioduce! 
no 1 eduction in vital capacity When the expeiiment was lepeated seieial 
weelcs latei, howevei, identical doses of pilocarpine pioduced sinular reductioib 
in vital capacity 

Ceitam antiasthmatic diugs aftoided pioteetion in the leactive subject 
against the i eduction in vital capacity due to pilocaipme In two casa 
epinephrine gave pionounced pioteetion against this leduction Patient P If 
(Fig 4), foi example, had a lesting vital capacity of 2,560 ml, andtlnityae 
onds aftei the intiavenous admniistiation of 4 mg pilocarpine it measuiyi 
1,651 milliliters Aftei a giadiial letuin towaid iioimal, 0 3 ml oflW 
epmephiine was injected intiamiiseulaily and five minutes later the ntal 
capacity was 2,686 millilitci-s A lepeat injection of 4 mg ot pilocaipme pro- 
duced a 1 eduction in vital capacity to only 2,330 ml , and tlieie was a rapid re- 
turn to the lesting level It was also noted that although epmephiine appeaie* 
to pie\ent the leduetion in vital capacity and tlie subjectne and objective 
changes in the lungs following the administiation of pilocaipme, it did notap 
pieeiably affect the salivation, flushing, and pei-spnation lesnltiiigfiomt ein 
jection of the ding In Patient 11 W epmephiine not only ^ 
protection against the reduction in vital capacity due to pilocaipme u a 
peaied to leveise the action of the drug Following the lepeat injecion 
mg of pilocaipme there was an mciease of 460 ml m the vital ' j 
pared ivith a decrease of 1,098 ml caused by the same amoimt ot pi 
prior to the administiation of epmephiine 

Theophylline ethylenediamine likcuiso prevented the reduction 
capacity due to pilocaipme In Subject F 6 the resting vital capacity mc^ 
3,731 ml, and tliiity seconds after the mtiavenons mjectiou of 
car pine it measuied 2,727 nulliliteis AVhen the vital capacity p 

resting level, 350 mg of theophylline ethylenediamine were 
vein, and ten minutes later the vital capacity was 3,760 nullilitei's 

vital capacity 

not altered ar 


dose of 3 mg of pilocaipme then pioduced a reduction m 
3,647 milliliters The systemic leaction to pilocaipme w'as 
pieciably 


Bellafoline,* a stable preparation of total levoiotary capicit' 

donna leaves, likewise afforded protection against the reduction m v 
due to pilocaipme Patient E C , who had previously sufteicd 
matie attack following the injection by vein of 1 mg dtrt’ 

mg of Bellafolme mtianiuseulaily Ten minutes later an jjDud' 

of 3 0 mg of pilocaipme pioduced a decrease m vital capacity o |jy 

liters The degree of protection thus afforded the to 

epmephiine, theophylline ethylenediamine, and Bellafolme was 
protection given by the same drugs against Mecholyl chloride 
actions to pilocaipme, such as sweating, flushing and saliva 
slightly affected by the protecting drugs 

•Furnished by Sandoz Chemical Works Inc New York N Y 
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It appeal’s that attempts to assay the effectiveness of vaiious anticliohneigic 
drugs b} then eapacitj to pic\ent the astluna like attaelts and the reduction 
m tlie vital capacity induced by cholinergic substances ^\ould be better earned 
out With Mecholyl chloiide than wth piloeaipme as the test substance, since 
the former diug has a more uniform action Since antichohneigic agents such 
as atropine and Bellafoline are %eiv effective m pi eventing this type of induced 
asthma it -would seem ivorth -while to leimestigate their use m the tieatmeut of 
spontaneous asthma, especiallj since othei diugs in this group aie a\ailable 
which do not have the tinfavoiable side reactions of atropine Hoie suppoit 
for sueli an investigation is derived fiom iceent data which indicate that m the 
asthmatic subject the pulmonary leactiou to hlecholjl chloride raav be gicatci 
and perhaps more important than the reaction to histamine ® Confiraiation of 
the pulmonary hyperresponsiveness of astlimatic subjects to cholinergic drugs 
also suggests that this mannei of study should be earned out when surgery on 
the autonomic nervous supply to the lung is contemplated It is possible that 
those subjects who exhibit a moie pronounced leacti-veness to the cholinergic 
drugs may benefit most by lesection of the posterior pulmonarj plesus 


SUMMABT 

The reaction of the respiratory tract to doses of 1 to 5 mg of pilocaipine 
ui a group of ten normal subjects and seventeen patients witli asthma was 
studied chiefly by measuicmcnts of the vital capacity In two of the normal 
subjects there was a slight decrease m vital capacity after pilocarpine In eon 
trast, ail the asthmatic patients suffeixid a reduction in vital capacity after the 
administration of 1 to 4 mg of pilocaipine intramusculaily oi jntiavenouslj 
After the intiamuscular injection of pilocaipine the period of gieatest leduc 
tion m vital capacity occurred in six to twenty fi\e minutes whereas fl^ushmg 
salivation, and sweating occuired in a considerably shorter time The greatest 
reduction m -vital capacity mth intiavcnous pilocarpine usually occurred in 
thirtj seconds, but there was fiequently a second i eduction ten to fifteen miu 
utes aftci the injection Prostigmine appeared to augment the action of pilo 
rarpine xu two of four subjects Epmephime theophylline ethylenediamine 
and Bellafoline protected the tracheobronchial tree against the i eduction lu vital 
capacity due to piloeaipme, but failed to ha\e much effect on the flushing 
salivation and sweating due to the diug 

Clinical implications of the study arc discussed 
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A COMPARISON OF THE TOXIC MANIFESTATIONS PRODUCED BY 
BETADHMETHYL^UIINOETHIL BENZHYDRYL ETHER HYDRO 
CHLORIDE (BENADRYL) ^VND TRIPELENNiVMINE 
(PYRIBENZAMINE) 

Thom vs II IMcGwack, M D PACP Jonas Weis'^bi-rc IM D \.nd 
Linn J Bo\d, MD, FACP 
New York N Y 

T he theiai)eutic value of antihistanumc compounds m inan> allergic con 
ditions seems now to be well established Of these compounds, Benadiyl 
(beta dimcthjlaminocthjl benzhydiyl ether hjdioclilonde) and Pyiibenzamme 
or tripclennaminc (N' pjiidjl N' benzyl N dimetlnlethjlenediamiue) ha^e had 
bv far the most c\tensi\e clinical tiial There are a number of other piepara 
tions which eithei m laboiatorj animals oi in man oi in both have shown anti 
liistainime activity equal to oi gieatei than eithei of these new drugs ^ ® Nevei 
tlielesa until such materials aic more thoroughlj tested m the liuman being we 
must lely mamlj upon tlic two diugs fii-st mentioned whenevei an antilustaminic 
aijent is lequired 

Any comparison of these two substiiices lu luiman beings is fraught with 
seveial difficulties In tlie fiist place the icsults in animals cannot be tiaiis 
ferred quantitatively, and piobablv not qualitatively to human beings even in 
regal d to the ability of these substances to prevent death fiom histamine aeiosols 
or anaphylactic shock jMorcovci the alkaminc ether and tnpciennammc differ 
in several particulars phannacologicallj The formei possesses marked anti 
'icetylchohne and antibaiium chloiide activitj the latter has little oi none* ® 
Benadiyl acts oppositely to tiipelcniiamine upon the musculature of llic duo 
denum and the uteius In the human being both evert some hjoscine like action 
uhich IS nioie inaiked with Benadiyl * * 

Comparisons of the tlieiapeutic efficacy of Benadiyl and Pyiibenzamme 
arc few m uumbei ^ ® Claims have been made that dose for dose the drugs 
arc equally effective** “ or that Benadryl® or tupelennamme^ " is moic 
poweiful One vvoikci who found the lattci inoie active than the foimer’ has 
failed to mention the doses used in the conipansous although by inference he lias 
left tile impression that that employed foi Benadryl was often if not usually, 
one half to one thud that of tiipelcunamuie The second investigatoi, who 
more consistently obseived bettei effects in some clinical conditions from tnpel 
ennamme, states that the doses of the latter varied from 200 to 400 m^ daily 
while those for tlie alK inline ethei weic usually 200 mg dailv ° Other workera® “ 
aiadc then comiiarisous on a weight basis 

I here is rathei gcneial agreement rogaidmg the natuie of the side effects 
lollowm,, the use of both Benadiyl and tnpclcnuamme, but tlieie is maiked dif 
tci-Luce of opinion concerning their incidence and seventy To date, all or 

the New lork Medical College Metropolllan Hospital nei,carch Unit, VVelfar 
n«cehed for publlcaUon Nov 3 134" 
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neaih all of the obsei\ations legaiding these points ha\e been lecoided in lb 
eouise ol tieatment of alleigit disease^ and aie theietoie subject secoiidanh to 
all the luflnenees sniionndnig the alleigic episode Jloieoiei, tlieie liasktnM 
conceited eftoit to comiiaie the leattions ot both dings iii the same subjiit 
Tims the peisonal equation ot the subject has iie\ci been ebnnnated from tb 
final e^alllatlon of the lesiilts In an eftoit to accoiiipbsb these objeclntsaiiii 
to aftoid a sound basis loi the conipaiison ot the toxic actnitj of these ana 
histainmic coiiipoiinds ovei the ciitiic laiige ot tbeiapentic dosage, the piesciii 
stud} was iiiidei taken 


XIvriKIVLS VND AIITIIODS 

Anibulatoiv patients tioin a gcneial medical clinic of a cit\ hospitd "eie 
chosen at landoia except that those with acute illnesses, alleigic complamts, or 
lecogiiizable distiiibanecs of the autonoimc iieivous svsteni vveie excluded Tb 
undeihnig conditions toi ubicli these patients sought lelief included arthntb. 
In pel tension, aiteiioseleiosis, and niinoi iippei lespuatoi}, niuseulai, ordigt- 

tne complaints Eacli subject was fmtbei tested foi bis oi hei fitness to pm 
ticipate in the nnestigation bv the use of a placebo wliicli lesemhled the com 
sponding antibistaminic compound in all its plnsieal cbaiacteiisties 

In all, one bundled loitx-tw'o subjects, eiglitv women and sixtv t "0 
lauging in age liom IS to SO wntb an aveiage of 44 7 veal's, completed t e » 
Ot these, fiftj-two weie studied wdiile taking Benadivl oiih, fiftt 
eeuiug tiipelennamine onh, and tliiity-cigbt while ingesting 
of the two antibistamniie comiiounds In the last-mentioned 
ot tom teen daxs 01 moie elajiscd aftei one cling bad been used 
was staited Each cling wms tiied foi not less than one week, am am 0 


level ot dosage was contniued ni each subject toi not less than one 


^^cek Aiiaia 


bei ot subjects wcie given giaduallv incieasnig doses ot one 01 


the other dni" 


The patient continued at each level ot dosage toi at least one 


^^eek Theieioa’ 


some patients leceivecl one 01 the otbei of the aiitilnstaiiiiuic coiupo 


lUiitk 

peiiods lasting tiom toui to eight weeks Ilowcvei, giaduallv pm- 

ot the cling vveie avoided in the majoiitv of instances, as theie llic 

duced a tenclenev to build a tolciance against the unpleasant leae 10 
compound 


between 


the 


In Older to establish a lelatively long-teiiii conipaiison 
dings, each ot six subjects was siicccssiv elj’ followed on giadua v 
doses of fust one ding and then the otbei at dailv levels ot la > 

600 mg lespectively In these subjects each meieiiient m the anio 
pound ingested was made aftei a peiiod ot not less than seven tb 

iiiediatelv pieceding lev'el ot dosage Two weeks 01 iiioie elajisec 
use ot one piepaiation befoie the otbei was stalled 


leactw"^ ' 


111 Tables I and II the niimbei of patients who developed 

1 the natuie and iieqiieiic} ot vaiioiis tvpc- 

Jur ippreciition to Dr D A Sharp O 

supplies of Benatlrjl and placebo 1}’’“ A.i-piennamihe. 
3 Summit N J for a portion of the triple 
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Table I The Natuee and Ivcidevce ob Toxic Keactiovs to Ben vdrxe vnd 

P\HIBENZUriSF IV ReLVTION TO DoS\GE OF COMPOLND USED 
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Here are recorded resulta In 104 patients one half of whom received Benadryl and the 
other half trlpclennamlne 


ire recoulcd It will be noted tint it the usualh employed daih thenpcutic 
dose 150 the incidence of side effects was appioximatch the same foi botli 
duioS Tile actual peicontagcs aie latbei high as contrasted with pre\iousI> 
icpoitcd icsults Howevei since the piiniaij aim was to recognize all unpleas 
nit sMnptoins lathei than to detcimmc thciapeutic efficac} a iccord was made 
of each manifestation e\cn tliou,,!! piesciit in iniiioi degiee 


Tvbij: U The Incidence op Untoward Effects in Thirti Eight Subjects Who 
Deceived Idbxticvl Courses op Tbelvtmfnt With Benvdpil \vd 

PyRIDENZAHlNE, RESPECTIVELY 


NUMBER OF I \TIBNTS SHOWING SYMPTOMS VT THE 
LFVTELS OF DOSVGE INDICATED 
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Of the gioup of fifty-two subjects who leceived Benadiy], 77 pei nutd 
the total exhibited some evidence of toxiuty, and among the fifty ti\o persons 
given tiipelennamine only, 67 pci cent developed undesiiable leactions As 
analysis of the lesults obtained iiitli the thiity-eight individuals who reeened 
coiiesponding doses of both dings foi identical peiiods of time (Table II, Fi" 
1) confiimcd the findings obtained y\hcn entiiely cliff eient gioups of subjat 
weie emplo>ed foi the testing (Table I) Six subjects, in whom each of the 
dings was eniploved in dail> doses of 150, 300, 450, and 600 mg, respectmlv, 
toi a peiiod of one aveek oi iiioie, did not develop any manifestations of toxicitv 
ivhich peisisted oi became cliiomc following tiie cbscontmiiance of eithei oi kil 
drugs Tt wxis definitely demoiistiated that with small doses of each ihug, signs 



j oral ^ 


Sjmptoms produced in a group of thirty eight s^^ects 
of Benadrjl (I) and Pyribenzamine (II) respectivelj- for peno 
at each of the dosage le\els indicated 


and symptoms of toxicity weie fiequent, but mild in degiee 


both 


w'ell tolerated Diowsiness was nioie common in connection with 
tiation of Benadiyl, and diyness of the month, ivith jays, 

Benadiyl, a toleiance against diowsiness usually developed in a scicK 


adwi’'*-' 


with the use of the largest doses when ceiebral manifestations 
When tiipelennamine wms used dryness of the mouth was of 

m intensity as the daily dose was augmented Eegaidless of t e 
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employed within the limits noted the majoiity of the othei side leactioiis to 
tripelciiiiniiiiie, such as drowsiness leinained appi o\imately tlie same In 
other noids, the tendency to estahiish toleiance was less than with Beindi yl 

DISCUSSION 

Both experimoiitalls and elimcally tiipeleninmine and Boiiadiyl hive been 
demonstrated to possess qualities powei-fiilh antagonistic to histamine Upon 
this common feature much of tlicii cffieiev in the tieatment of alleigic disease 
appears to lest In addition to this Benadrvl shows a minoi but still powerful 
Inoscmchke action not fulij shaied hi Pnilienzamine This provides in ad 
ditioii to the antihistaminie eftcet a mild sedatue action which is often desirable 
m the control of many hypei-sensitive reactions 

Opportunity has been afforded to utilize liiiinan subjects for determining 
the comparative toMcitj of Benadiyl and tripelennamiiie The facts that a 
icpresenfative numbei of these indmdnals received each of the two drugs at 
different times and that all ohsenations weie checked bj the same techniques 
and personnel lend added emphasis to ceitain points bi ought out bv an analvsis 
of the data 

1 The high inoidoneo of side effects All side effects were recorded regard 
less of their severity When lowei levels of dosage (150 and 300 mg ) were 
used side effects rarely precluded the continued use of the drug However then 
frequenej prompts a continued search for moie iieailj ideal agents in the man 
agement of the allergic reactions due to histamine 

2 The nature and peicentage of side effects produced bv each of tho two 
drugs It IS clear from the present study that the intensity and number of 
ceiebral manifestations is gieater with Benadiyl than with Pvribenzamme It 
IS equally evident that symptoms referable to the gasti ointestinal tract are much 
more frequent with tripelennamiiie than with Benadryl When the ovei all 
incidence of all reactions is assessed there is little diffcience between the two 
drugs at low er ley els of dosage that is 150 to 300 mg daily Indeed thegieatei 
drowsiness caused by Benadryl is often of therapeutic importance particulaih 
m the itching deiinafoses and iii asthma Howeier w hen higher let els of dosage 
(450 to GOO mg ) are employed Benadryl is decidedly the more toaie of tlie 
two drugs (Pig 1) and may cause eoiifusional states not unlike those seen fol 
lowing alcoholic cacesses 

Prom tile present studies it seems that fai too much emjihasis has btoii 
placed upon the relatively high incidence of reactions to Benadryl foi iiistnpee 
i5 per cent,^ as compaicd with the uificqucncv of icactioiis to Pywibenzaiiiiiic 
for instance 25 per cent oi less ^ Indeed in tho usual lange of therapeutic doses 
(from loO to 300 mg daih ) a ciiticil study shows that this wide diffeitiice does 
not evist Ilorcover, many of the unpleasant symptoms produced bv Benadryl 
in such amounts are aetiialh accoiintcil foi bv its sedative action, which m iv 
vinictinics be „aiiifulli employid m tliciapv At higher levels of dosage Bull 
di'l becomes dcfimtelv the more tovjc of the two antihistaminie substances under 
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discussion (Fig 1) and should be used at such levels onh ^\heIl the patieiit can 
he uiidci inoie oi less constant sm\eiliance The gastiomtestiiial nutation ot 
tiipelcnnamine at siinilaily high levels of dosage usually pieehidcs its use m 
the inaioiitv of patients 

3 Is theie a diiect lelationshiii between toxic leactioiis and the aiitiliis- 
taminic effect^ It this question is answeied in the affiniiatne, one vould ex[mt 
that theiapeutic eftectneness and toxieit-s -would \aij diiectlv Iloweicr ths 
IS not the ease It seems likeh, theietoie, that the antihistainimc tactoi is net 
icspoiisible loi the untowaid SMiiptonis, but that some othei piopeitv of cadi 
of these dings plavs a dominant lole in piodueing side eftects This apparent 
dissociation hetween antihistaminie aiul toxic piopeitics of these dings tinmslis 
a leal incenlnc to continue the seaieh toi agents wliieh will possess the anli 
histaminic lactoi to the complete oi ncaih complete exclusion of the toxic factor 


SUilMXRY \ND COXCLUSIONS 

One liundicd foitx-two sub]ccts without alleigie disease oi known disturh- 
ances of the autonomu nenous s^stem weie gixen Beiiadnl and tupelciiu™™ 
(Pxiibenznmme), lesiieetnclv, in doses langing fiom 150 to 600 nig daih 
Ot 52 &ub]octs to whom tiipelcnnamine alone was gnen, thiib flic, or i 
pei cent, dex eloped one oi nioie toxic s-xmiptoms Of an equal minihei otsii 
jeets to x\hom Benadnl alone was administeied, foitx", oi 77 pei cent, s oir 
some txpe ot untow aid io<ietion 

In thiitx -eight patients the eflccts ot both Beiiadixl and tiipch'''*®’”'^ 
weie detennined and eompaiisons ot the eftects of the two dings weieina 
a weight foi weight basis The total numbei of leactions to 
and to tiipelennaiiiinc, sixtx-tluec When 450 mg oi less ot the ia= 
gixen, Benadixl shoxxmd definitely texxei leactions than did 
aboxm that figuie Benadixl piodiiced a deeidedlx highei ineidencc o 
Benadijl pnoduced a piepondeiance of its distuibaiices m the 
tiipelennamine shoxved a piedominance of gastiomtestinal manifesta 
Usuallj the side eftects did not pieclude the theiapeutic app 
eithei diug in daily doses of 300 mg oi less AVith Benadivl, 
ant 1 espouses max disappcai attei the diug is continued foi seveial 

Both dings aie highlx useful antihistaminie substances ni the lud 
cuie — of a number of alleigic diseases In the usual lange of as 

deuce of side leactions is appioximatelx equal and then iiitensitx 
laiely to pieclude then continued use Indeed, the ceiehial ppe raaf® 

by both dings, but nioie especially bx”^ Benadixd, may fiequentl) a 
of theiapeutic applicabihty 
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EVALUATION OF A NEW SEDATIVE DEUG 
(3,3-DIETHYL-2,4-DIOXOPIPERrDINE) 

X\RON E P VBSONXET, SI D , AbTHUB BeBNSTEIN, si D , V\D 
EJIA^UEL Klosk, si D , Newabk, N J , and Erich Hirschberg, SIS, 
S \.UL H Eubin, Ph D , END Leo A Pirk, Ph D , Nutlee, N J 

SViTH THE Technic vl Assist vnce op SIabtha Pine Greenberg, B A. 


M ost physicians aie confionted daily ivith the need of sedatne medication 
foi many of then patients Tlie value of the hiomides and barbituratfo 
is fiinilv established Howevei, these dings occasionally produce side reactioni 
such as lashes, headache, and lassitude Sloieovei, continued use of the bar 
bituiates may lead to toleiaiice oi addiction In the light of the foregoing, a 
new sedative which is distinguished by clinical eftectiveuess and good tolerabihty 
deseives consideiation Consequently, we set out to evaluate such a compoun 
(3,3-diethyl-2,4-dioxopipeudine) submitted to us undei the designation o 
NU-1510 and latei undei the name of Sediilon ** 

The phaiTiiacology of this substance and its oxidation pioduct, 3,3 diet v 
2,4-dioxotetiahjdiopyiidine, was thoiouglily exploied by Koppanji, Henn > 
Linegai, and Fostei ^ Aceoidmg to these imestigatois both compoun 
propnate doses, pioduce motor paralysis, muscular relaxation, loss of 11 ?^= 
reflexes, and deep sleep in expeiuneiital animals The onset of action 
piperidine derivative is soniew'hat slow'ei and its effect w'eakei and longer 
than wuth the pyiidine compound From the figures iiiesented by these 
it appears that, administered intravenously to rabbits, the 
(IjDsp/ND^o) t of the piperidine derivative is 3 42, that of the pvi^ ^„(yivas 
pound, 4 07, and that ot barbital, 2 96 Thus, the relative order of s^a 
found to be pjaidme derivative > pipendme compound > bai 
were no significant changes in hemoglobin, eiythiocyte count, leucoci 
01 differential count when daily doses of the pyiidiue deiiva 
pipendme compound, respectively, w'eie fed to rabbits for severa ^ 
3,3-Diethjl-2,4-dioxotetiahydiopyiicbne was evaluated 
and Hoi Witz" in psyehiatnc cases and by Pieed^ in mentally pyriia® 
lequiimg sedative-hj^pnotic medication These workers foun ^ ^jative 
derivative to be a mild but very effective somnifacient As a day 
it generally proved adequate in patients ivitli nervous tension 
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From the Newark Clinical Group the Medical Ser\ice of Dr A ^ ,jjjP jlea 
Beth Israel Hospital Newark N J and The Nutrition Laboratories 
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*We are indebted to Hoffinann-La Roche Inc NuOej N J ° 

(Sedulon) in the form of scored tablets of 0 25 Bram. j ^Dm Zl ati 

tLDso IS defined as tlie lethal dose for 50 per cent of the ,,,aig aftef 

cotic dose which prevents a righting response in 50 per cent of tne an 
pinched 
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Because of its ueakei and moie prolonged action as eiidenced in annual 
experiments, 3,3 diethyl 2 i-dioxopipeiidine held piomise of being at least as 
satisfactory as its oxidation pioduet foi daytime sedation and it was in this 
diieetion that a study was instituted 

The clinical work is presented in Bait I which gnes residts in patients 
requiniig sedative medication Part II gives the vvoik done in man on urinarj 
excretion follow iiig the administration of 3,3 dietliv I 2 4 dioxotetralij dropy 
ndine and of 3,3 diethj 12 4 dioxopiperidine 

PAKT I 

By A^ikon B Parsonnet, Arthur Berxisteln vxd Emanuel Klosk 

The imtial program called foi an intensive study of a small group of sub 
jects Twelve patients with a diagnosis of essential hypertension were chosen 
There w ere fiv e men, ranging in age from 49 to 64 y eai-s, and seven women whoso 
ages ranged from 27 to 56 y eai-s Some of these patients had cardiac symptoms 
such as angina of effort, dy spnea and palpitation othera complained merely of 
the frequent headaches and nervous manifestations so often endured by the 
hypertensive patient All of them had been taking H to Ve gram of pheno 
barbital thiee or foui times a day for periods ranging from several months to 
a number of years and vveie thus suited for a comparative study 

Phenobarbital and all other medication were discontinued Sedulon was 
substituted and the original plan of studying these subjects over a penod of 
approxunately two months was followed with but minor deviations It was 
explamed to each patient that he was going to receive a drug which might 
have an effect on tlie blood pressuie but no mention was made of sedative action 
Deliberately their attention was diverted and all questions related to the seda 
tion attained vveie injected casually in the course of subsequent interviews It 
was thought that there was no need foi alternating Sedulon and placebo raedica 
tiou since phenobarbital known to the patients as exerting a sedative effect was 
replaced by a drug vvluch they expected to have a hypotensive but not a sedative 
action Consequently any results in the lattci direction were probably not con 
ditioned by a psyebologie influence 

Treatment of eleven subjects was instituted wath doses of 0 125 Gm but 
only m one did this amount suffice to induce good sedation The other ten sub 
jeets complained of nervous tension ou a total daih dose of 0 375 Gm and this 
was therefore, doubled However the juercase vvas not ordeied befoie these 
patients had been ou the lovvei dose foi fiom tliicc to four weeks and tlie eliaiioC 
Was effected always at an inteiwiew wlicn there was no complaint about made 
quate sedation 

One patient did not ictum for le cximniatioii aftci she was placed on 0 25 
Gm thi-ee times daily Of the nine subjects who vveie followed further seven 
derived good sedation from a total daily dost, of 0 75 Cm and in two oulv fair 
sedation vvas luduecd A twelfth patient letvivcd mitiallv 0 25 Gm tlirce times 
** day and this vvas attended by satisfactoiw sedation 

The action of Sedulon conimcnitd Ihiitv to sLxtv minutes after its mtal e 
and lasted from tliiee to four hours follovviiio catli dose The cftcet was found 
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to be ot a selective sedative iiatuie without inaiked sopoiific action Thisqualilr 
IS an advantage since doses ot phenobaibital which weie pioductive oi a similar 
dciiiee of sedation commonly lendeicd the patients sleepy at the same time 

The patient deiiving good sedation fiom only 0 375 6m per das cum 
plained of piiiiitus, which was fiist thought to be due to the medication tVitli 
diavval of the drug, hovvevei, failed to lesiilt in subsidence ot the pimntns wkf 
was tinallv^ lelieved bv psv chotheiapeutie measuies Kemstitutioii of SednloB 
was not attended In leeuiienee of the piuiitus Similailr, there were no ill 
effects 111 anv of the othei patients 

Blood piessiiie leadings loi all subiects weie done at fieqiieiit intervals. 
As can be seen tiom the aveiage values in Table I, theie was no significant ri 
diietion in cithei the svstolic oi the diastolic blood piessiiie 


'IvciE I \vFRvoEn Brooi) Pitissuit liLvoisGs v\n Hivlvtoiogic Fisoiscs k Tvnn 
nvPFPTEssivi r van MS Ti i vtid iop FitOii Fors to Eight Weeks With 
a, 3 DiETiiVL 1,1 Dioxopii’FriDiNE (Sedulos) 


Blood presbuif 

Hemoglobin (percent) (‘'ihli) 
Blood cell cour t 

Erythroc\tcs (niillioiiVt nim ) 
Leucoivtes (niillions/i mm) 
Poh-niorplis (per cent) 
Lvmphofvtes (perient) 
Monoivtc'! ('percent) 
Eosinophilb (per cent) 


BUrOKE 

TRE*\TME\T 

VFTEP 

Tl EVTMFNT 

102/108 


OI 

06 

4 10 

4 40 

7 04 

S 13 

50 4 

01 S 

30 1 

28 0 

74 

74 

^ 7 

^ 0 




R.\VCE OP WEEMV 
WEKAGKi 

jicvratJ! 


WlMMCM 


01 

4 37 
7 04 
54 0 
227 
0 5 
26 


Oi 

ll' 

66 ’ 

3’3 

OO 

3o 


Uiinalvses earned out ev'eij week did not levcal aiiv^ changes os coni) 
with the piemedicatioii findings 

A special eftoit was made to dcteimine the efteet, if anw, of ^*^*^*^ 
tieatment with Sediilon on the blood pictuie ncnioglobin ^ at 

led, white, and ditteiential counts weie done foi all patients 
weeklv intci vals As can be seen fiom Table I, which lists the 
befoie and aftei tieatment as well as the lange of weekly aveiages, 
no significant changes in the hemogiams dining this peiiod of close o 
w'hicli inelnded eight blood counts foi most of the patients 

These giatifving lesiilts piomptccl us to extend the initial 
Seduloii was thus continued in eight of the oiigmal gioup ot d 

(Table II) Inclnding the initial tiial peiiod, these eight subjects i 
the expenmental diiig ioi fiom six months to almost one veai pfjrlv 

a total dailv^ dose of 0 375 Gni continued to induce good 
eleven months, that is, up to the time the patient last lepoBed 
tion The othei seven subjects, each of whom leceived 0 25 Gm 
dav', continued to deiivm the same degiee of sedation 11, 

tended tiial as thej did initiallv , that is to savq m Patients 1, '<> ’ ’ jj[ 

good sedation was induced, and fan sedation lesulted m Patien 
w^eie absent and none of the subjects developed signs of toIeiJH^^® 
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lABLE II 


BIOOP bTUDlK. IN Eight HvPKRTHNSHH PiT.ENTN Kfcfh.no Sedulon for from 
Six Months to \lmost One xe.vii 


lATIEVT 


medic VTIOV 
(MO) 


IIEMOOLOBIV 

(lERCBNT) 

(SUILI) 


rilVTIIROCML 

CODNT 

( MILUQNS/C ) 


1 


0 

9/4 


92 

90 

102 


■lU 
4 20 
o 00 


LEUCOC\T> 

COUNT 

(TIlOtSXNPS/C MM ) 
C lo 
5 80 
10 20 


0 

8 

103^ 


100 

84 

87 


4 47 
307 
3 80 


(j 3o 
0 9o 
0 2o 


U 

6I3 
10^ 
11 y* 


9o 

93 

SS 

90 

80 

100 


4 4o 
41< 
4 OS 
4 34 


0 30 
4 40 
4 80 

o20 


4 03 
4 So 


14 10 


0 

644 

7>4 

9% 

lOMi 


104 

80 

94 

Bo 

94 


5 23 
4 30 
4 34 
4 40 
441 


7 3j 

8 40 

9 40 
a 50 
t 4o 


0 

7H 

lOH 


90 

87 

93 


80 

S4 


4 o9 
84 
4 35 
4 o4 
4 13 
4 30 


0.0 
) . > 
) 00 


/ >0 
7 10 

Jj -0 


4 17 
4 30 


SOO 

Tin 


0 The firures listed are prcmcdlcatlon flndlns» 

DuiiUo the penod of extended tiial hemograms 
patients at iriegtilai intenals Table H loiielates sonie 

blood findings and the findings aftei bcvcial inont is 0 m two 

cuiied a deeicase in the hemoglobin s-ilues and 1 10 en 1 

patients (Patients 4 and 9) and a diop in hemoglobin laln s s neU as m the 

led and nhite cell counts in one patient (Patient 0 1 pjtiint 7 

on a tice diet at the time o£ the shift n, the red blood ^ ‘ 

undeisvcnt a eholecj stectomj in Mai 1947 In the j” ,,, 

normal diet ivss £oI oned hi an incicasc m both the 

red cell count, and all the values of the last count leeoided 

time iihen she had complcteli iccoicicd fiom t le °P“ ' , dropped from 

ongmal findings rVs foi Patient 9 the eiithroeitc « > 

7 230 000 to 4 300,000 and the e Hoiieie, tlic.c ii is no 

PCI cent aftei nioic tlnii si\ months of Sei ei\smn„ foiu 

tmthci leduction ni the nunibei of led iifmo-lohm laluc 

montlm ,n spite of continued Sed.don ^ of these 

mcieased appreciahli dnrin^ thus time 
chan„ts is ittubutable to the ulnnmstration of the 

fifti piticuta eomplanung of each patient ii is seen 1 mli 
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patients have been taking the diug foi fioin thiee to five months ^Tiile good 
01 fail sedation lesulted fiom tins legimen, geneially the patients were not 
o\ei -sedated Howevei, in one patient it became necessary to reduce thedosije 
to 0 125 Gm thiee tunes a day, and tins dose was attended by satisfactoiv seda 
tion One patient developed some di/zmcss and nausea aftei talung the dm" 
loi about one month TweiitA -foui houis attei discontinuation of the medita 
tioii, these symptoms subsided and did not leappeai Bheu Sedulon wasieiniti 
tilted foity-eight liouis latei Howevei, since this patient was appiehenbue 
about continuing the diug, it was stopped seveial days theieaftei Among tic 
fiftj subjects of this gioup theie was one patient ivho had pieviouslv developed 
deimatitis iiom the use of iihenobaibital In eontiast, Sedulon, winch she ha:> 
been taking foi thiee months, is tolciated without untoivaid efteets 


PART II 

B\ Erich Hirschblug, S vul H Rubin, \nd Leo A Pikk 
A s was shown by Kiautwald and co-w'oikeis,“ theie aie no indications that 
3,3-diethyl-2,4-dio\opipeiidine is exeicted unchanged in the urine when this 
compound is ted to dogs at a dosage level ot 200 mg pei kilogiam Honevy, 
these woikeis did lecovei between 7 and 8 pei cent of the anioimts of the a 
ministeied pipeiidme deiivative in the fomi of its oxidation pioduct i 
ethjl-2,4-dioxotetiahydiopyndine The following stiuctuial fomiul^s 
tiate this tiansfoimation ot the pipeiidine into the pyiidme compoun 
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With a new fluoiometiic method" (a modification oi ,j^g„iurin® 

Kubli and Schmidt-*) foi the deteimination of this pyiidme folloivniit 

at oui command, it was decided to study its lenal elimination m pjjj,{icular 
the administiation of 3,3-dieth>l-2,4-dio\opipexidine It seenie j]jj 

interest to compaie the amounts of the pyiidme deiivative e\ci the 

intake of the pipeiidine compound on the one hand, with t los^^ , 
administiation of similar doses of the pyiidme conipoiuid on 


•For the sake of slmoIlciU 3 3 -diethj 1-2 4 dio^vopipeiicline 
3 3-dlethjl-2 4-dioxotetralijdropvrld)ne as NU-903 the deslgnatioo 
compound t\as supplied b> Hoffmann-La Roche Inc Nutley N J 
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Four normal, male volunteeis (phjsicians) ranging in age fiom 24 to 32 
}eai's ^vele chosen Collection of t^\entJ foui houi uime specimens uas in 
stituted seven dajs pnoi to tlie initiation of the excietioii experiment piopei 
and continued daily foi fi\e weeks On the eighth evening each subject iecei\ed 
0 6 Gm of NU 903 and aftei one week mthout fuithei medication this dose was 
lepeatcd Again following a medication fiee intei\al of seven dajs 0 75 Gm 
of Scdulon was given to each of the \oliinteei's and a second identical dose was 
ci\tu at the end of the fouith week with subsequent collection of unne speci 
mens for anothei week 

iVmbei bottles containing appioximatolj 5 cc ot toluene weic used foi 
Iiooling the daily voidings of each subject In carijing out the estimations oi 
the lumai'j excietion of NU 903 in all the specimens thus obtained the method 
described by Hirsehbeig and co woikei*s“ was used This technique is based on 
the measurement of the compaiatue fluoiescence of uiiiies at suitable dilutions 
in the absence and piesence of hj droxj lanuue Tlie difference in intensity bi 
tween total fluoiescence (without hjdioxylumme tieatment) and lesidual 
fluoiescence (witli hydioxylamme treatment) jields a measuie of the concen 
tiation of Nil 903 in uime Sedulon is nonfluoiescent undei these conditions 


bM 

x 



, . .I’lK 1— Urinarj excretion of 3 3-dicth> I 1 ,lloiotelrali> liropr rlillne ( VU 903 ) for S 
* Iv rtcclvlnp at >Neekl> inter\als two sinelo loses of 0 C (^m of 3 3“dieth>l < CJo 

ictraliNdropjrlilino (inUkated b> arrows) and two Ingle dosLs of 0 Gm of 3 3 dl tJi> 
1 dloxoplporldino (Sedulon) (indlcat(.d b> arrows with dots) Tin, inlUal t Umation was c 
rlbd out sc\en da>s prior to Uie administration of Uio first dose of NU D03 and subst lu 
^ were pcrforiULd daily for fl\e wteks 


UriiiL specimens of peisons who hid not rtceued cithti tliL pjiidine oi the 
inpendnie compound weic found to show some difference in lutcnsiU of totil 
Hiioixscciice and usidual fluorescence after hjdroxjhmine treatment This 
obscuatiou was the Reason for testing sc\cii prcniedieation \oidings of each 
of the four subjects Thus, aicrage correction lactoi's foi hidroxjlamiiic reactuc 
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substances exhibiting iirelevant fliioiescence weie obtained Calculated m niilli 
glams of NU-903 pei day, these collection lactois weie 


SUBJECT 

E K 39 ± SD 43 

ML 681SD33 

D& -0 6 + &D60 

E& 77±&D39 

It can be seen that the amounts of hydioxylamine-ieactne substances ei 
cieted diffeied liom subject to subject, in one subject (D S ) the fluousience 
of the hydioxi lamine-tieated specimens was e\cii slightly gieatei tlianthatoi 
the uiitieated uiine specimens Howevei, in the mdmdual subjects the qiianti 
ties of iiielevaut inteifeiing substances iveie sufficiently constant horn (in 
to day to peiniit the use of the eoriection factois Conseqnentlv all findups 
iieie collected aecoidingly'' 



Figs 1 and 2 illnstiate the pioceduie and the daily fjut t'U' 

NU-903 dining the five weeks of exiieiimentation foi two subjects ^giiowin" 
peiiods shown demonstiate the excietion of the pjiidiiie 
its administiation, the last two peiiods show the elimination o 
derivative following the administiation ot the pipendine tiic*'‘ 

be seen, significant quantities of NU-903 were also eliminated o 
gestion of Sedulon 
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T)ie total amounts of NU 903 e\eictc(l iii se\en daj obsenation periods bj 
foui subjects foUoniiig eacli of tuo dases of NU 903 and tno doses of Sedulon 
lie leeorded in Table III 

It can be seen fiom Iigs 1 and 2 that both diugs are escieted lapidlj acith 
tile mam poitions of the eliminated amounts of NU 903 appealing in tlie first 
and second twenta foui houi uinie specimens collected aftci tlie intake of both 
compounds Tliiee to foui daas follouiiig the individual doses onlv negligible 
quantities of NU 903, if anj, wtie detect ible in the iiiine Rapid elnnniation 
w as obsort ed also in the t\\ o other subjects 


Table III Urinauv Excretiov of Nv 903 fop Four Hosmcl buBjEcrs Vftlr &ingle Doses 
OF 0 G Qsr 01 NU 903 AND VlSCER SiNOLE DOSES OF 0 7J CM OF 3 3 DlETlIAL 
2 4 BlOXOriPEftlDlNL (SEDOLOn) 


SUBJECT 

E 

Ej 

AVEIUGE 

E, 

E 

AXERAOL 

E K 

77 

Co 

71 

00 

41 

66 

il L 

CG 

41 

o4 

S4 

Id 

50 

D s 

33 

43 

34 

7 j 

n 

43 

E & 

CO 

ol 

j(j 

43 

40 

42 

eraj,e 



55 



50 


E Tile total excretion of NU 903 in mllllgranis following the first dose of NI 003 

to. Tile total excretion of NU 903 in milligrani following tlie second dose of VU 903 

lx Tile total excretion of NU 903 in milllgrania following tlie first dose of Sedulon 

1 Tile total excretion of NL 903 in tnilllgronis following Die ccond do o of Sedulon 

ippeirs fiom Table III (he total excietioii taints aftei each of the 
eight iiiditidual doses of NU 903 tailed considtiablt ranging fioin 33 to 77 
iiiilligianis Ilottetei in a gitcii subject the total txcietioii talties lecorded 
follottiiig the ttto inditidual doses of the ptiidine comiiouiid ttcie in f iii agiee 
meiit lot Hist nice foi Subject P S these talucs tteie 33 and 43 mg le 
spectnelj The gie itcst difftience was ohsened tii subject JI L who following 
the second dose of NU 903 escuted 38 pei cent less than aftei the fiist dose 
It can be seen likewise fiom Table III that the tot il excictioii tallies of 
NU 903 following each of the tight inditidiiil doses of Sedulon idn,,ed from 
tl to 90 inilli„iams Thus these total cxciction talues toned eten moic than 
those iceoided aftei the intake of NU 903 "Moitotei the total amounts of the 
PJ inline compound climinited ht a giteii subject follow iii^, the two mditidual 
doses of Sediiloii diffeied appieeiablt Uoi examiilo Subject D S whose e\ 
cictioii tallies after the two doses of NU 903 weie in fan agicemont cscicted 
mg of NU 903 following the second dose of Sedulon as comiiaitd with 77 ni„ 
ittci the til’s! dose a icduction of 85 pel cent 

In oonti d the atciagc of the two cxcietioii talucs rceoicled for a giten 
b^^i'son following the administialion of NIT 903 tt is somewhat lii„liei thin the 
''eid„e of the two eseietion tallies foi tint subject after the lilt ike of Sedulon 
The moan t line of the ateiiige amounts of NU 903 excreted following 0 6 Om 
“1 NU 903 was 55 m„ oi 9 2 pei cent of the invested dose and the mean talue 
the atcM„c imoiints of NU 903 cliiiiiintcd iftei 0 75 Cm of Sedulon was 
Td mg 01 6 7 pel cent It seems that the elimination of NL 903 followiii„ the 
total c of this dui„ is sli^lith git iter thin iflei the ingestion of the pipcridiiit 

eompouiid 
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The uimaiy excietion of NU-903 following administiation of this compound 
was studied m man bv Polatin and co-woikeis ® These investigators, too, re- 
poited that following a single dose of 0 6 Gin the excietion level dropped 
piompitlv Poi the six psychiatiie patients whom they studied, the meaniak 
ot the total amounts eliminated ovei foiii days was 61 mg oi 10 1 per cent of 
tlie ingested amount This is in good agieement with the pieseiit findings 

Similarly, the extent of elimination of the pyiidme compound reported 
by Kiautwald and associates® in dogs aftei the administiation of 3,3 dietbl 
2,4-dioxopipeiidine appioximates closely that detei mined foi the foni subjats 
in the piesent investigation, the excietion was 7 to 8 pei cent of the amount 
fed to the animals as compaied with a mean value of 6 7 per cent of the dose 
given to the human subjects 

Since the aveiage excietion of NU-903 following the intake of this dru" 
on the one hand and aftei the ingestion of Sediilon on the othei appears to be 
of the same older of magnitude, it may be tentatively concluded that most or 
all of the pipeiidine compound admmisteied is conveited into the pyndme de 
iivative 

The oxidation of the pipeiidine compound in the oiganisni is suggestive 
of its mode of action The belief that tiansfoimation of 3,3 diethyl 2,4- 
pipeiidine to the eoiiespondmg pyiidme compound precedes its action is sap- 
poited by both the somewhat slowei onset and the longei diiiation of thee ec 
of the f 01 mer ® 


SUMSEVBY OF PARTS I AND II 

A new sedative diug, 3,3-diethyl-2,4-dioxopipeiidine (Sedulon), was eiahi 
ated clinically m a total of sixty-tivo patients lequiimg 
whom had hypei tension Eleven of these subjects leceived 0125 ^ 

times a day as the initial dose, but only one derived good sedation at t 
level With a dosage of 0 25 Gm tliiee times dady, good sedation ivaso 
in neaily all of the sixty-tuo cases The effect of prolonged medication^ 
blood picture was studied in the twelve hypertensive patients 
daily doses of 0 375 and/oi 0 75 Gm foi two months Hemograms at 
intervals showed no significant changes in eithei the led or the i' ' ^jived 
picture In eight of these patients, Sedulon was continued so that the) 
the drug foi from six months to almost one jeai with no untowai 
the blood picture In none of the sixty-two cases was the yotKl 

Sedulon attended by untoward effects " The drug failed to leduce t 
pressure in the twelve patients with hypertension 

Both Sedulon and its dehydiogenation product, 3,3 Four 

hjdiopyridme (NU-903), are rapidly excreted m the mine as NO 
human subjects excreted an aveiage of 9 2 per cent of each of 4"° ° 

Gm of NU-903 taken seven days apait Subsequently, ! q 75 Gar 

amounts of NU-903 equivalent to 6 7 per cent of each of two doses 0 
of Sedulon taken at weekly inteivals 
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VAEIATIONS IN DEEMAL ABSOEPTION WITH AGE 


of the ^\heal than in noiraal eontiols 
of pathologic conditions 


J Striuss, Jr, vnd H Necheles 
Chica.go, III 

T he activity ot vaiious bodily piocesses diffeis with age It slioiilil be an 
ticipated, theiefoie, that the late oi pattern of absoiption of fluids fiom t!i 
slan vill leflect these valuations 

It IS the pill pose of this lepoit to desciibe definite vaiiatious m the ab 
soiption oi d die fioni an intiddeimal site ot injection, the vaiiatioii appaiiutb 
being 1 elated chiefly to the age of the subject idthei than to specific disease en 
titles 

A If new of the liteiatiiie leveals that vaiious aspects of this pioblem avt 
leceived tonsiderable attention McCliiie and Aldiich’’ ■ utilized the 
peaiance time of intiadeimallj injected noimal saline solution as a testote ema 
m nephiitie childien Thej’' obsen'ed a nioie lapid cbsappeaiance (to pa pa lea 

This test was extended to a lane K 
A shoitei disappeaiance time vas obseiied la scar^ 
feiei and diphtheiia,®- ■* lobai pneumonia,® jaundice,*' tiibeiculosis, seium 
ness,® tovemia of piegnancy,® and peiipheial ciiciilatoi’y delicieiic) 
disappeaiance time was found to be shoitei in thyiotoMCOsis’* an 
in mj'uedema The woik ot Aldiieh and McCliiie on 
by Feldman and Eeitsueidei^*’ in adult nephiitic patients jjjjdii 

late of disappeaiance in diabetic subjects, paialleling the 1 tead'^'a'* 
betes, but this could not be confiimecl bj Leivy and Rynes lu '<!■ 

study of childien with lieait disease, found the test of pioguostic \> 
veiely ill or toxic patients ,1 absorp- 

Thompson^" stated that the ciicuhition had little to do ui ^mPuoiva 
tion of saline solution and concluded that the actual mechanism u aiartcp 
OhiisteacH® also advanced this view, noting that disappeaiance ^ii'Lulah'a' 

was not iiici eased White and Ii vine- Jones®® likewise conclii e 

played no pait, on the basis of then obseivations of the eftect o Qjjastfai 
flow’', tempeiatiiie changes, and adienaliii They did not agiee 
how’evei, in legaid to an unalteied disappeaiance time post miected IkiJ- 
White and Iivine-Jones®® and Tayloi®^ found intidcleima l mjcdid 
in the coiiuni McMastei and Hudack-® w’ho studied mtia 
\ital dyes ni animals and humans, stated that intiadeinial 
intialymphatic, the dyes enteimg lymphatics injuied bv m j^iupluh*'' 
Thej' obseived that the dyes giadually spiead thiongh the siipei ^ jintia 

From the Department of Gastro-Intestinal Research ^^d'fAe^ospital , 

Reese Hospital and the Department of Medicine of Michael ne KounJuU 

The Department Is in pai t supported by the jMichael Reese 

Aided h> a grant from the \ B Kuppenheimer Fund , ^ 

Recalled for publication Jan 1-1 lOlS Dr H , n’’-' 

*Our attention i\as drawn to this problem bj °'’'’®*?*i*'j(lmiiiistratio”l 
hospital that blood penicillin leiels (following mtlents 

lowei initiallj and higher late in old patients than m >ounn p 
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and stated that differences m the spitad weic due to diffeicnccs lu skm textuie 
m difteieut subjects which caused the needle cither to fail to leach a IjTuplmtic 
plc\us 01 to penetiate be30nd it In eithei case howevei the dves leaeb laige 
deeper hmphatics diaming the injected aiea Pactoi’s incieasing hmph flow 
incicased the late of dje diffusion Hudack and Mc’Mastti^* pointed out tint 
ID} local injection soon becomes a genei \l one since the injeeted aiateual entei's 
the blood stream lapidl} Tins is boine out h's the oppcnnnci ot phenol led 
m the uiine within fifteen minutes after mtiadeimal injection® AVbite and 
Irvine Jones® weie able to dismiss ceitam factors such as hvdiogen ion ton 
ccntration polassium/calcnam balance and osmotic piessuie as being of si^ 
niffeance in the absoiption of normal saline solution fiom the skin Thev felt 
that the disappearance of the intiadcimal vsheal was due simph to diffusion and 
although the} obseiied that aitificnlh pioduccd cdemi difteicd from nephutic 
or caidiae edema in that it did not pioducc an mcroased disappearance rate 
thc} wcie unable to find the effective obsoiptive factor In this connection it is 
mteicstuig that ItleMastei * found I}mph stisis m caidiac edema and mcieasod 
bouph fiow 111 nephutic edema although in both instances the Ivmphatics are 
widened In a recent ai tide Kurnok and co woikeis^ lefened to thc work of 
Hoffman and Duran Rev nah on a factoi which mcieased intiadermal spiead 
of vaiious substances Onginall} found in testicnlai cxtiact it was also tound 
in ceitam bacteria, snake venom and malignant tissue This sjiieadmg factoi 
acting on connective tissue bv hvdiohsis of hvaluioiue acid salts is an cn 7 vme 
hvaliuonidasc These authoi's eonohided that the factoi (enzvane oi enzvmes) 
causing diffusion m the dcnnis is identical with that evlubiting hvaluionidase 
activity 


SUBJECTS VND MFTHODS 

Tito subjects were cot selected except that due to the aature of the test most were 
of the white race Sex distribution was nppro\j 0 iati.l> equal iVo acvereh ill patient was 
Vk'-eJ and most were well enough to bo either nnibuJatorr or seiuianibulatorv One hundred and 
one of the subjects could be considered nornnl m regard to cardiovascular sv'teru and kin 
This group included a nnraber of subjects who uero either in uornnl healtli {hospital stall) 
or could bo assunJcd to be UcaHhj such as surgical patients hospitalized for ele« ti\c operative 
proceilures The conditions of the rest of the subjects (20 per cent) were ‘‘ucli as would be 
encountered m tlio medical and surgical wards of any lar^jO general ho pital The experimental 
data obtained on thc'io patients fell within the ringc of the normal controls lu each group 
and it wan vpparent upon analjsis of all data that age rather tlno a pirticular disea e wa 
6io chief determining factor in dermal nb orption On the bt is of the aceuruuHlcd d it i 
<t was stta that tho entire genes could be divided into group each covcriiJ„ n ptrioil of 
fifteen vcirs Tho data ou each age t.roup wtro Lompared for atitistiealh Mgnihcant dilTer 
tnees bj tho chi qunro tebt (Fi her) using n 5 per cent level of significunre I iidt r Iti uUs 
'fQ refer to this analisis when dilTtrtnccs are called tati tiealh igmficant 

One tenth cubic centimeter of a sterile solution of Exans blue m norma! salmc (0 0a mg 
Ptr euldc ccn(imetcr) was mjcctctl intracutancouslv on the niiddlo third <f the vohr surface 
of tiio forearm U'^inj^ a short '^o 23 h>jK>dVrmic iiceille ind a tulnieulin \r»u,sL One of 
(J s ) nivlk. all injection and readings iour periodi mci urenitnts wtro undo on each 
f-uljot TJiig pi King 11 •'trip of ikar celluloid hint owr tho whed or lyo stam 

anl marking out the pattern It was u uilh nice ^arj to cinph mizc the dv«. outlmcs with 

Wo arc obllRcil to I>r H sUxcr-.tin for licljj In Uie statl tical work 
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A pen before applying the film Lighting conditions and room temperatures were standaidur' 
as much as possible The area of the tracing on the film was measured with a phnimtH 
Readmgs were made immediately after injection, after an interval of from one and five-tcalb 
to SIX hours, usually at four hours, and at twenty four and forty eight hours Becaiw th 
average time after injection of the second reading was four hours, it will be referred to » 
such 

Evans blue is a complex organic compound (CjiH jOjiNsSjNa,) with a molecular iieiiJ 
of 962 82 commonly employed in determination of blood volume, where the dye eombmeimd 
serum protein, especially the albumin fraction It is a blue powder, soluble in water hot xl 
in alcohol or ether The proper dye strength was arrived at after trial and error experunm'! 
tion to determine wliich concentration would produce a satisfactory color of the sLm and ivoi 
disappear within a reasonable time 

Observations indicate that strictly intraeutaneous injection is next to impo ibe 
aclueve,no ei but because of the widespread use and understanding of the term we 
continued to employ it The presence of a blanched, raised wheal with a , 

of orange peel was taken to mdicite a satisfactory injection Within a perio 
few minutes to four or more hours the wlieal disappeared, leaving a blue circ 
stain w ith well circumscribed edges The stain increased or decreased in size a 
observations, eventually fading to a point where accurate measurement wm ^ u 

end point exhibited a variability ranging from a few hours in one ah enter to 

hours or more m many others In most of the adults the dye was eit ler o a ^ ^ 

faint to be measured at forty eight hours The reading was consequen y 
as trace or absent In the discussion and tables the term wheal is emp oy 


as synonymous with stain tjiie u 

In view of the reported inconstancy of the rate of dermal ffleie 

dividualso we made no attempt to duplicate all results, except in a ew i ijeutitil 
repeat tests were done, however, we noted that the pattern of absorption was 


RESULTS 

The lesults showed a mtmber of differences m of 

deimally injected Evans blue in diffeient age gioups T ® (],c a'tf 

wheal IS analyzed in Table I, which indicates a distinct ten enc ^ 

age size of the initial wheal to inciease with mcieasiiig aboif 

Table II demonstiate a steadily incieasmg numbei of cases in 
30 yeai*s of age having an initial wheal aiea gieatei than ® ^ ^ groups 

The lattei figuie lepiesents the aveiage of the initial lea uinS 
While there is little significant change between any gioup an gjatist'f ' 
neighbors, the diffeienees between moie widely separated gioups 
significance 
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Table II Ivitivl ’Wheal Area 


VOE GROUP 
(YR.) 

per cent of cases 171X11 ITllEAL 

ARE.V greaVter than 

0 i5 SQ CM 

0 15 

8 

IG 30 

30 

31 45 

50 

4G 60 

56 

61 75 

oS 

70 00 

67 


It IS seen in Tables III and IV that the same geneial pattern continues at 
the end of foui haul’s except in the 16 to 30>eai age gioup wheie theie is a 
trend toward a deeiease in tlie wheal size which howevei, was found to ha\e 
boideiline statistical significance onb 


Table III Distribution op \\ hlal Areas Four Hours Aptep Injection 


AGE group 
(YR ) 

area op wheal in square centimeters 

NUMBER OF 

C\SES IS 

E.VCII VCL 
OROII 

03|0 4|0 5|0 6|0 7|0 8|0 9|10|n|l 

2113|14|15|16|17|18|19 

NUMBER OP CASES 


4 3 1 1 2 - 


13 

16 30 

1 4 9 2 6 2 1 1 

1 1 

28 

31 45 

3 4 2 1 2 1 

2 1 1 

17 

46 60 

25541612 

12 3 

32 

61 75 

128364612 

112 1 

38 

76 90 

2 12 

1 

6 

Table IV 1\ueal Area Four Hours After Injection 



PER CENT OP CASES WITH WHEAI 


AOS GROUP 

AREA GREATER TUAN 


(m) 

0 75 SQ CM 



0 15 

39 



10 30 

20 



31 45 

44 



46 60 

50 



61 75 

63 



76 90 

07 



It IS fmthei apparent, as shown in Tabic V, that visible dje remains in 
the injected aiea of a significantly largei number of persons in the joungcr 
age groups The two groups from 10 to W and from 15 to 29 -vears of nge had 
Msible dje left in 90 to 97 per cent of the cases while the two older groups 
hid Visible dje m 57 to 79 pei cent 


Tabie V Number vnd Per Cent op Cases With Dve Seen vt Tavesti Foui 
AND Fobti Hiqut Hour Ke.u>ings 



VGE GROUP (YT-) 

1 10 14 1 

IS 29 1 



Number of casca m croup 

14 

29 

43 

47 

To (%) 

93 

97 

71 

79 

•18 Hour readmir (%) 

93 

90 

57 

53 
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STRVUSS A^D NICHELDS 


DISCUSSION 

In joung persons the initial wheal w'as smallei than in olclei poisons (Tdbks 
I to TV) On the othei hand, the dye leniained longei in the skin of the iouu»tr 
subjects (Table V) Usually the size of the initial wheal mcieased m \oiiii' 
pel sons befoie it chsappeaied, w'hile in oldei subjects it iisualh dccreasttl 
steadily These lesults aie not leadily explained Lymphatic absoiption nur 
play a laigei lole than absoiption into the yenous blood It has been staU 
that the numbei of skin eapillaiies diminishes wnth age,- and one might assiuui 
that the nimibei of lymphatic yessels diminishes likewise Thus, in jouiigtr 
subjects hmphatic absorption may be gieatei in the initial phase of skiuab- 
soiption than m oldei subjects 

Difteienees in textuie of the slvin between old and young peKons aie sj 
distinct that they may w'ell explain some of the phenomena obseued hi the 
young, skin tuigoi is high and theie aic moie elastic fibers piesent hi tie 
old, tuigoi is low’^, clastic tissue is leduced, the epideimis and the deepei laicn 
of the skin atiophy, and the skin has lolds and consequent]} a gieatei siirhft 
di ea In oui tests it w as easy to inject 0 1 c c of dye solution into the slm ft 
oldei persons, but in the youngest gioup it was haid to push the needle tliiougi 
the skm and much moie piessuie had to be exeited to push the fluid mlo tie 
slun On a physical basis these diffeiences may explain the laigei initial I'ie ' 
111 the older subjects and the smaUei ones in the joungei subjects AlsOi s 
possibly moie lapid initial absorption in the younger group may be esplame 
by the highei initial piessuie in the wheal On the other hand, the longer 'ec 
ondaiy persistence of dje in the skin of the younger group (Table V) mai 
explamed by the relatively smaller area of the wdieal and a consequent!} siii> 
absorbing area in which the dye is contained In the older subjects the 
spread of the dye opens a laigei absorbing area, initial dbsoijition mai 
due to fewer hmphatic vessels, lesser pressure, possiblj less tissue damaoCi^^^^' 
motility of the skin, and conseciuentlj less lymphatic suction, but the 
stage of absorption (tw'enty-four and forty eight houis) may be fasten « 
the greater area occupied by the dye j,. 

We have discussed mechanical factors mainl}’’ Chemical 
difteienees in hyaluronic acid salts and hyalin onidase, m histanuue i 
in water and salt content of the skin, ui proteins that bind the 'e, 
lophages, and so on, of old as compared wnth younger people are ere 
unlniown than physical factors 

SUMMARY , , , 

1 ^ 

Differences in the absorption pattern of intiadeimall} mjec ei 
in difteient age groups were demonstrated 
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FURTHER STUDIES ON THE WELTiAIANN SERUM 
COAGULATION REACTION 


Leo H Siegel, M D , and Manfred Kraemer, il D 
Newark, N J 

I N 1942 one of us (M K piesented a study on the clinical siguificanee of 
the Weltmann seiuin coagulation leaction, using as subject matenal the re- 
sults of the leaction as tested in over 1,100 patients Bakei^ shortly thereafUr 
lepoirted furthei lesults fiom Kraemei’s laboiatoiy The present report b a 
continuation of those studies, eoveiing the Weltmann reaction in over 3,000 
cases 

Weltinann,^' ^ in 1930, deseiibed a seium coagulation leaction which ha' 
shown itself to be of consideiable clinical significance He found 
noimal human blood seium was diluted ivith distdled water 1 50 andboile , c 
pioteins failed to coagulate Howevei, when a small amount of 
such as calcium chloride, magnesium chloride, or barium chloride was a 
coagulation occurred In certam pathologic conditions AVeltmann note 
the serum requrred greater than normal concentrations of electioljde in o 
for pioteur coagulation to occur, while rn other condrtions less than t 
eoncentratron of electrolyte was required for coagulation If 01 ml ° 
serum was added to 5 ml of 04 per cent ealcrum chlorrde solution an 
the protein coagulated Howevei, if the serum was added to 02 pei ce 
eium chloride, coagulation did not take place 

Exudative and inflammatory processes so altered the blood 
coagulation of the protein occuried only in concentrations of ^ ^jjuiii 

higher than 04 per cent Convei'sely, fibrosing processes so alteie 
that coagulation occuried in concentrations of calcium chloii e 
04 per cent Prom these findings Weltmann devised the leai'O 
test described below 

Various theories were propounded to explain the com 

niann reaction. Alterations in the followmg factoi-s, either ^ajciiun 

bination, were suggested as the basis of the reaction the ° concenf^ 
chloiide solutions employed, the pH of the serum, the serum ca cm 
tion, the total blood globulin, the albumm-globulm ratio, j],jt tht 

fibi-mogen = Dees studied the reaction extensively® ® and sugges 
serum lipids are an important factor m the coagulation leachon 
Scheilis and Levy® showed that the coagulation reaction is a 
changes in the percentage of alpha globulm in the blood 

From the Presbyterian Ulospltal Aeration 

Read at the Meeting" of the Eastern Section of the American ^ 
search Cornell University New York Dec 12 1917 

All technical procedures were performed by Miss Margaret Palm 
Received for publication Dec 29 1947 
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TECH'iiqiJE 

Ten test tubes are set up in a rack and are numbeied 1 to 10 from left to 
right Prom a stock solution of 1 per cent calcium chloride (CaCl^bHO) 
measured amounts are pipetted into each tube startmg with 5 ml m the first tube 
and decreasing by 0 5 ml in each tube so that tube 10 contams 5 millilitei 
Sufficient distilled water is added so that each tube will contain a total of 5 ml 
of solution, that is 4 5 ml of water are added to tube 10 4 nil to tube 9 and so 
on m decieastng amounts to 5 nil ui tube 2 This procedure lesults in ten 
dilutions of caleiuni chlonde langing from 1 per cent in tube 1 down to 01 
per cent m tube 10 

To each tube is then added 0 1 ml of the blood serum to be tested The 
seiTim must be unhemolj zed Af tei sliaking the tubes m their rack at e placed 
in a boiling water bath for esaetly fifteen minutes The tack of tubes is then 
removed from the bath and the number of tubes iii which coagulation has oc 
curred is recorded The coagulum appears as a flocculation Coagulation not 
mally appears m the tubes of liigliei concentration (Tubes 1 to 6) and not in the 
tubes of loner concentration (Tubes 7 to 10) The number of the tube contain 
in„ the most dilute solution of calcium cMonde ui which coagulation has oc 
tiiiied feises the reading for the test Thus if coagulation occuis in tubes 1 
tlirough 6 the coagulation band is 6 (C B 6 or Weltmaun 6) Care must be 
taken to determme the last tube m which actual coagulation has occurred since 
clouding or turbidity may oecur m two or three tubes more dilute than the 
S!t,mficant tube "With noimal human sei-um coagulation usually occurs in 
the first 5 to 7 tubes (C B 5 oi 6 or 7) When the coagulation band is less 
than 5 it is said to shift to the left and when it is more than 7 it is said to shift 
to the right 

In actual practice we have simplified this technique to ease the burden on 
the techmcian without sacnficiiig accurac} If coagulation occurs m any tube 
b} definition it mil also occur m eieiy tube to the left of it (that is in all liighei 
concentrations) Tlierefoie tubes 12 9 and 10 are not routmely set up since 
coagulation usually occurs m at least three tubes and rare!' occurs m more than 
tight tubes If, after the initial test is performed no coagulation has occurred 
m tube 3 tubes 1 and 2 are set up sepaiatch and the serum sample is tested 
in these tubes Cons erselj if ui the initial test coagulation has occurred m tube 
B tubes 9 and 10 are set up separatelj and tlie serum is tested iii these tubes 
J or a single test this modification may seem ot little value However when 
an average of five samples of seium are tested simultaneously in parallel rows of 
tubes as is done in oui laboratory the time and eftort saved with this modifica 
tion arc considerable 

Intcrprelahon of the Test — Weltniann’ ^ demonstrated tint in the presence 
of an evudative or inflammatory lesion there was a shift to the left of the coagu 
lation band and that in the presence of fibrotic lesions theie was a shift to the 
fight Subsequent investigators have coiioborited these findings' “ However 
■ho bulk of significant lesults appears to be confined to the eases in which a shift 
■o the left was obtained This is in agreement with our findings 
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PuMDiis wiitcM^ hue hmiul tiu < o.iMul.ition b.ind ol noi in.il sera to b 
iitlid fiMil.it () 01 7 ' [ii oui liaiuis lioMi \L‘i, we toiiiid we had toiumiiier 

tlie iioim.d i.ui^c as \iU\in" iioin 7 to 7 ' W.uiisieiii" also ilLsij'iiated aenj".! 
lation li.uui ol II-.-, tliaii 7 as In iiiir sifriidii aid h slioiteiud ltl^<lldlIl!; a iOJ‘>iili 
tion hand ol 7 as In ini; siiRmstueh shoiliiud ’ 

( i INK \n sii i)\ 

III Ktainiii s ujiml, lus iisultsuitli tlie Willuiaim uaetiuii as periomd 
on alioiil 1 100 [lat lints uiie sunnnaii/id Tin iiuseiil lepoil iiuliidea tL 
inatiiial phis tlie iiMillsolit iiiiid with si la lioiuaiioid 1 iS70 additional lunuih 
i lot.il ol J '17 1 \\ iltiiiaiiii lists liaiiiii' liien jiiilmiiied on about 3,000 toiiyiii 
t no pi 11 all p It ii Ills 

Duiiid till pel lod lOMiiil 111 lilts iipoit, a \\ iltiiiaim lOiigidatioii tido 

will IS a ii)iii|)liti blood loiinl uiinahsis, .iinl scdiineiitatioii late tWeiteWii 
fi 1 mb I was puioiiiiid It K isl onu on laih jiatieid in addition to utbr 

iiiilii itid ill i'j:iiosti( pioieihiiis Most ol the p.itiuds piesinted nastioiiitdins 

piobliiiis uid It Is in tills "loup (hat wt lii\i been .ibh to lollow the results i 
t lie \\ el tin inn 1 1 .n non with tlie "i ealist ih glee ol ai nuai \ 

Ot till 5 ‘17 1 Wiltiiianii lists piiioiiiud i total ol 2 M slnmoil a loaauljti™ 
band ol 1 oi liss It w is [lossibk to iloseh toiiilale the i liniial or pat ooi 
lniilinp:s with the low Wiltnuiiin itutioiis in 217 ol thiM lUsis In the 
ini' -14 I ISIS no siuli loiulation was possible 'I’liis laliei jjioiip 
latei 

III Tilde 1 aie lislid the disease eiititns wliieli weie assoiiatid "3 
sntniliiant niiiiibi i oi shoiteiied i oattiil.ition bands 

'1 Ull I 


I'l M.MlsIS I 

iliiti^ 

tOulTtu lllltl- 
Cl istrii isniiioiMi 
Ukoi ituo eolitis 
Cl istrii iilier 
Choli ilocliolil liiiisi-. 

Car. mom i ol the colon 
Circiiioma of die iictum 
Cliolti \ 'titm i holchthi ISO, 

Duudcii it uhir 

It w ill be noted that in 5.7 b pei eeiit oi i .ises oL regional 
w'as 4 Ol less, this being the highest peitentage in oui senes ir ’ ^^i^umjr 
eases of clueitieulitis eoh .inel in 414 pei tent oi eases ot ulcer, 

cinoma, the Weltinann w.is 4 or less Cases ol uleeiatne eolihs, 
and elioledocholitluasis ,ilso show cel sigudieiiiil peieentages ot uker 

35 2, 32, and 30 per tent, lespectnth Convei'sely, eases ‘^*' ^ *^* 
eholetvstitis, and eholelitlu.isis sliow’ed the lowest percentages 
althoirgli it has been oiri exprciiencc that in eases ot penctiatino ^ jginiliee" 
and 111 ulcer with ohstructioii the incidence of low AVeltniann leai i 
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i-ehtucl} hit^h These le&ults appeal to confiim the fiiiclin^ tint the coa^uhtion 
band is slioituied in the piesenec of cwidatne oi niflammaton lesions Ulccn 
ti\e colitis IS clnractciized b\ in liked e\uditi\c and ulceratne inflamm itioii 
Gdstiic iilcei, penetiating duodenil ulcei md obstiuctm duodenal ulctis aie 
geiieralh associated Muth considei able luflimimton reictions and chole 
docholithnsis is in iinnj instances the cause of cluonic lou r>iadc inflainmation 
m the bilian tiec AVith legaid to ulceiatue colitis one miglit tike the mow 
tint an incidence of 35 2 pei cent positnc Wcltinanns is iclatnih lou con 
sideiiiip, the chai ictenstic patholo^^ of the disease It sliould be mentioned 
tlieiefort that a nuiiihci of the t ises studied ueie quiescent at the time of 
studj and ha^e lemanied so 

Gastiointcstiiial in dignane> espeenlh ^astiic nnlit,iinnc\ is oftni asso 
ciatcd mill socoiidai^ ulcLratioii and inflaninntion and the I ittci is piobabh 
lesponsihlc foi the Ion Wcltmann lathci than the nnlignanej jiei se We ln\e 
obseued a numbei of cases nhicli would seem to substantiate tins tact Two of 
the cases will he cited bucfi> 

Case 5919 — Tlio pitient coniplamed of nicreasmg coiistipition of one >cTr s iluntjon 
Proctoscopy (June G, 1040) revtaled *1 ^nuU fungatmg growth sj\ mclies '\bo%e tin anus Tlie 
AVeltmann (June 10, 1940) was 4 A bnrium enema (June 10 1040) ^e^o^lotl n, 

Jefcct of tlie rectoiignioal , a chest plate made the amo day liowed metu tntio luhlfr'itiou 
of the right lower lobe The primary growth was remoxed by nbJonnno pinnoal rosoction 
Three months later although the pulmonary meta*.tn«cs had increased in size and imnibor the 
Weltmann (Sept 19, 1940) wa^ 0 The^c uictasta es were discrete and were as oemted with 
no inflammation or exudation, a low Wcltmann was not expected once the ulcerating prunarv 
lesion was removed On Dec 24, 1947 the patient coiuplaiiic^l of pnm in the left ide of tlie 
chest on inspiration A chest plate taken that day rotcalcd a small pleural c/Tusioii The 
^^e^traann performed the amo day was 3 

Casi o0G0~“Four months after partial gnstrio rejection for gastric carcinoma and 'u\ 
mouths after radicil inaatoctoniy for pumary carcinom i of the breast tlit '\\Lltmanii was 5 
(Tuly 27 1940) Four months later (Jfo\ 1C 1946) the Mcltmaiin was till o Tht patient 
was vomiting intermittently In Januarx, 1947 the patient dexclopcd signs of pleural 
effusion which proxed to be metastatic m origin The Wcltniinn (Tan 10 1947) was 1 
an expected finding becauj-c of the appearance of the exudative le ion 

DJbCUSSION 

TIio Wcltmann seiuni coagiilition icactiou ap])cais to be of buflicicnt value 
*>s \ 1 iboi iton dii(,nostic aid to w ui nit its loutine use in oi‘>ti'OGntcroIo„ie d 
(liaoHOfsib Admittedly it ib a nonspctific leaction but tins f let docs not deti ict 
fiom Its utihtx In the pusuict of tMidatnc oi eliionie infl immatory icaction 
tlie Wcltm mil coagulation b md is shifted to the left m a significant number of 
mstanccs It his been oui txpciieiici, ami tbit of otheis^ that m „eiienl, when 
cvti thcit is i low AVtltm um the stdiincntation ntc is tlcvatcd but there is no 
corrclitioii between these findings A\itli i Weltni mn of d out mix find a 
‘’cdimcut ition rate of 20 oi h5 when, is the sum, scdnm.nl ilion i dt m n be notid 
VMth a AVcltnimn of 0 oi 2 2 he sediimiit ition z de is often iidlianeed bx a 

’lundai ot faetois nianv of tluin of lelitneh mmoi mime, md it tlitreln 
IcsLs du^nostie sioUifix met The uietion howexei when posilixi 



C22 


Siron. wo KUAtMUJ 


th<it lb ^\hen 1 oi less, iisualh imluatts, in fX.iblionitestinal complaints, an in 
flaminatoi-\ lesion ot seiious imiioit aiul lapidU leceits to noniial when thh 
lesion IS healed oi iemo\ed It is on tins account lielptul in both diagnoiS 
and piojjnosis The iollow 111*4 e.isis will illusUate tins point 

( C'li ()SOS — On Oi,t 0, 1017, llie Wdtmmn w is 1 mil the seiinmnt ition rate, ' 
Po'ltrior « ill uktr mil tliiuiKniil iiln r ui re lonnil on \ m o\ miiuation GistritNi,i 

rovi. iltil i bini^n ksion On >>'o\ Is, 1*117 iftrr six nuks oI tri itment, tin, patient n 
is\in]>toni itu witli n AVLltni mn of 0 mil i sulmu nt ition rite of 10 The niilie ira* tH 
jirc cut hut imn.h sni ilkr 

C\SL ()51‘J — \pnl 1 , 1917, llicri, w is i Iii'tor\ of rtiiimut tpig I'tnc pain of fw 
\tirs’ ilurition whnli \\ is rdiecttl h\ looil llic Utltiiimn \\ is 1 mil tht 'cOittentatit 
ratL, IZ Cl istromttstinul x r i\ liliiis -liowul no ttnkim of ksion hut the patient ivai pi^r 
on m ukir t\pt oi tliLript (Jii M i\ ^(1, 1017, Hurt wire no coinpliints, there was a le , > 
gun of fi\o pounds, tlie W tit in mn u is 7, tlit -tdimtnt it ton r itt 11 On June 17, ISli, krtf 
was octo ion il sh„lit tpigistrn disiomfort, the Wtltiiimn w is 1 and tiie 'OliECiotia 
rite, IS On f-ipt Is, 1017, i posterior utill giistnt ukcr ii is lounJ on npeat x rap tc ; 
(loufirincii itopirition) 

In 44 cases with jiositne Wellinanns we wcie nnahle to deternime the c tw 
ot the positise le.iclion Alinosl without exception this cioup eoiwste 
patients who weie seen onh once and tliticloic an ideiinate dia!.oio»tic'\ei “P 
and tollow-np weic not possible ^loie thorough stiuh probabh "ou 
letealed the pathologic basis tot the positi\e test in all oi most ot 
but the pos.sil)ili(\ ot lalse posituu lenclioiis in this group eaimot be m 
Howevei, in the 237 patients m whom adctpiatc stud} w.e> peiioniie 
luimbei oi positue tests was obtained in infiannnatoiv 
sevcie gniguitis, acute tonsillitis oi acute sinusitis, with te 

flainiiiation the Weltm.nin icactions in these iiislamos rapidh 
iioinial The iiicidoiKe ot ai tnai talse positne leaclions, h 

in the absence ot any deinoiistuihle inflannnatoi \ oi exudatne lesion 
veiv slight 1 , aichit 

It would he unwise to attiibnlc to the Weltinaim leactioii ' 
does not ha\o Jlan^ cases ol seiious disease ot the gastiouitestina l[.(, 
been diagnosed in the puseiice of a noiinal Weltinaiiii Howc'ei, 
Weltmaim has been positive, complete diagnostic woih-np Ims usua 
a lesion ol iiupoitance This has Ud ns to the clinical assiimptioii ia^| j 
w'lth a low Weltiiiann leaUiou lias a seuons illness until 
otheiwise In a nuinhei ot iiistuiiecs the cause of a low 
traced to imjioitant lesions outside the gastiointestnial tiact at ei 
tinal w'ork-np had revealed a lesion suflicient to exiilain the prcscii i o 
but not sufficient to explain the low AVcltniaiin reactions 

SUVlXIAKY V^D CO^CC.USION ,niplltna 

The AVeltmaiin seririn coagulation test and a modification lof 
troir 111 routine use are described „qq 

The results of the AVeltniann test as performed m ’ 
patients and the significance of the reactions have been analy-iW 
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The test appears to be of considerable value in indicating the pi esence 
of exudative or inflannnatorv disease of the gastiointestmal tract including, 
neoplastic lesions ulicn the lattei aie accompamod bv ulceiation oi exudation 
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T he i)iesoiit iiacsti^atioii was umlei t iKm in ouki to ilettrinme wktLer 
I Ik lii)[)liun tu .iiiahMs ol blood stia wifluliawii Horn patiints \wtli IW’ 
Kill s ilisoaso would deinoiistiati pat U ins pKuliai to this disease Such findins 
inu'lit 1)0 iisiliil 111 diai'iiosis ainl pioi'iiosis and iiii"lit tliiow light upoT P 
iiatuu ot the illiioss Iniiittus w is ftiKii to oiii studies 1 )\ lecent 
lilioutn HIM sti^.itioiis oi liiiiiiaii sen i obtaiiud fnnii iioinial and tliseasul A 
)Kts indn atiiii: tli.it tlio piotun li.utioii uilutKl tin state oi the oigaiiKii 
a whole .iiid tint in ciin iiistaiiK (in ne[)hiosisl .1 stiiKiiiglv Liuracleii 
( 111 ee w.is obt lined 
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I/o/kuRs (Did MkHuhIs — Itlnod siniplis weie withdiawii uiuhr Situ 
( oiiditioii-, iioiii iiitiiiits uiidti obseiv.ition and tieatiiieiit at tin IIok'kiD 
Disiasi i{(‘seii(h (Tinit ot St ViiK ent s llospit.il These viiiiples ueie nlb"'e^ 
to (lot .ind weie stond 111 the uliiigei.itoi until e x.innn.ition * The 
ot Hoiliikin s dise.isi w is m even iiistaine piovod b\ hiojisv amlaisoniei- 
staiiK s HU the 1 Kiufuniedbv iietiopsv , 

Hot e I k liojilioie til ex.imiiiation ”) to 10 ml ot blood si mm weie lee 
with two volumes oi sodium iMibitui.ite b.ubituiie aeid hiifiei 
stienutli oi 0 I .lud .i pH oi .ibout S T The diluted seiiiiii was ^ ^ 
in eellopliaiu tubiiier aj.Miiist 2 liteiN oi the same biifiei foi two to thioe i 
the letiiproi.itoi Befoie pli(iii<: the di.ilv/ed seiuin 111 the 
.ippantus, It was etiiUilu<'ed in an an-'le (eiitiiiuue to sediment .m' 


paitieles the l.ill seetioii .in.ilvlie tell 01 Tistlilis 1 oiutswoitld 01 


11 ml 1 ®*'^“' 


solution e.iii.nitv w is emploved thiou^dmiil The .iiip.uatiis ^ 
instiumeiit eleiselv baseel upon a desiitn 1)\ 1 ouigswoilb ^ 
eliagiams vvcie leioided iiliotoiii.ipliie.drv with tbe '’eblnieii siaiiniiicr^^^^^^^ 
Visual obseivatioiis 111 the emuise ot the expeiimeiils weie made win ^ 
soii-Pliilpot evliiuiei lens .iiierulai eli.iplii.ittm teehnniue ^ 
the tlieimost.it was 1 .1° U , the vollaige •'ladient about 0 G v pci ecu m 
the time ot deetioplioiesis .ippioximatclv 14 000 seeoiuls ^ •. ji^) was 

As light souiee, a meieun liigh-picssiue buiiun (R L j,iaii!e»t 

111 the ease ot eleai uid little-eoloieel seium spceiiiieiis, '"’^oiondor 

tungsten souiee (H E d a A / 14 T, 10 V) ioi tbe cx.unia.it 

opalescent set a . i,olutw''^ 

The Inelioge'ii ion eoiicentiatioii and tlie eonduetivitv ot tie 
mcasiued with a glass eleetioele pH metei and an eleetionie coiiiii' 

lespCCt lVCh to nr 

This Investigation w is niileil Ii> a Kant fioni llio I LW 

('’luimbers in.l ilr Costa Gi iml of tliu Ilep iitnivnt of Hesv iivli ^ ,,nirW"' 

Washington Squaio College , . md Hu 

From the Hodgkins Dlse esc Itest uch clinic St Vhu.iits lloan 
of Chemistij Pol j technic Institute of Biookijn lit .ihS 

Received for publleutloii Oct 17 1917 .. . of lohnar''' 

•The elcctiophoietle evperunents vvtte peifornied (h the Inet i v 
Department of Chemlstij Polj technic Institute ot Rrookljn 
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Foi quaiitititJi e eiaUiatiou flie oii^inal photosi aphio negatna neve 
enlarged about thiee times bj piojcction and the cn]ai„cd pittenis nere traced 
bj hand The tiaemgs neie then measured witli a polai planimetei aftei tiic 
aieas had been dnided b\ a \ertieal hue thiongh the minima "iiid subdivisions 
assigned to tile individual eompoinnfs ’ Relative com entiations in pci cent vveie 
computed m tcims of the latio of these liens to tint ot the total aiea uiidci the 
euno aftei the statiomij, inoimlous hoiindaiies had been eliminated fiom 
the diagiam In the majontv of eases the caleiilations jic bised on the pattern 
recorded Iioni the descending houndaries but m two lustancis the aseiudmg 
boundao pitteins weie also evaluated (see Tables I II and III) It u> leilized 
that the pioceduie here adopted disregards the small diffcieuecs in the lefnctive 
increment of the various proteins ot blood seiiim ind also the eontiibutioii 
of protein to the boundai"} anomalies It is felt however, that in eomparison 
with the other possible soiiiccs of errei in eleetiophoictic deteiminitions these 
tactoi's Jic of onlj secondaij iraportaiiee 

The clectiophoi'etie mobilities of the individual components appeared to he 
of the same oidei as those of noimal seiiim hence no svstematic moastiicments 
of mobilities were uiidei taken 

III oidei to avoid anv bias on the pait of the invcsfi^atois the seium 
samples weie submitted £oi esamniation without anv elimeal information In 
some instances several apeeimens fiom the ssme patient obtained aftti vsivin„ 
mtcnals of time, wore studied in the elcctioplioicetie appaiatus 

The sera siieoimens osamined weic obtained from twentv seven patients 
snfteiing fiom Hodgkin’s disease eigliteeii men and nine women Duration 
of alllictioii and sevoiitj of manifcststions vvcie not alike in anj two eases The 
age range was fiom 13 to 61 vesis and the duration range from 1 to 5 veils 
There were fuillier v irntions, nanich in the npiditv of development of disease 
m the state of imtiition of the pitients, md so foifli 

Obsciiatwus and Reiulli — -V total of thiitv tliiee scium samples w is 
evammed eleetrophoretiealb nndei stnetlj eompaialile evpeiinicntal conditioies 
The cleetiophoretic patterns obtained fell into thiec groups 

The firet group (A) vitldcd diigiams somewhat snnilii to those of normil 
mdividinls The ilbnmm globulin i itio wis gieatci than iinitv and the absolute 
is well IS the iclatnt coneenti itioii-s of the individual protein components, e\ 
ccpting the a globulin fraction vieie found to be neir the limits of v uiation 
found prcviouslv for nonnil liuiniii serum both m tins iaboiatoiv nui by othei 
uivcsti„itois The clccti oplioi etic data peitaiimig to (Ins gioiip lie compiled m 
Table I Tor the pinposis of compaiison the mean v dues as dcteiniincd b\ 
Dole and Bi luii on the blood plasm i of fifteen nonn il v oun„ adult male 
‘'"bjocls undei similar espcinnciital conditions arc milndcd m Tabic I Tin 
fihuno„cn values aie omitted because sciiim was used in the present studv 
Tins eoinponcnt amounts to appioxim itelv T per cent of the tot il nxa of the 
Iilasina protein pattern 

It will be noted that (he values lor the difteieiit stiiim loinponents vaiv 
apprecialilj from ease to else is does dso the iHiumm Jobulm ratio On the 
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whole, the albumin globulin latios of the seia grouped togethei in Table I are 
somewhat lowei and the relatue concentiations of the a 2 and of the y globulin 
fractions aie higher than the \alucs repoited bj Dole and Biaim foi noinnl 
serum This is true e\en if allowance is made for the absence of fibrinogen in 
the samples studied by us How significant these de\iatioiis aie, namely how 
far thej may be due to the fact tliat these seia weie all obtained fiom patients 
with Hodghin^s disease, cannot he stated at this time The same holds true for 
the diffei cnees m quantitative composition of the specimen evammed as experi 
ment 467 a and that wnthdrawm fioni the same patient foui weeks latei and 
esammed as Experiment 467 b A pan of electiophoietic diagrams icpresenta 
tive of this oioup of seia is lepioduced m Fig 1 



, , 1 — Electrophoretic diagram of serum from a patient Hodgkins disease falling 

niini« ® ^oup (Experiment 471 Tabic I) normal or nearly normal pattern as to general 
ouiune absolute and relatWe concentration of components and electrophoretic mobility 

The second group (B) of scia, listed in Table H shows the followuio 
features in common The a globulin fiaction is present in an amount which 
IS significantly higher tliaii jn noimal blood serum The incieasc is limited 
either to the a 1 or tlie a 2 globulin component oi it nnohes both of these pro 
tein fractions of high electiophoretic mobility 

AVith a single exception tlie albumin globulin latio ib below unit% In some 
instances the globulin component is also incicascd in relatn e concentration 

(Espeuments 381 3S2 419) 

The significance of the incieiso m the a globulin components htie obscitcd 
''ill be discussed below in the light of the clinic il findings 

Eiagianis tyqncal foi this second gioup of sera are shown in 1 2 
III the thud oioup (C) of stia examiiKd and compiled in Tabic III tlie 
common dcnominatoi is a siBiiificuit iiicicisc in tlie ulatue concentration of 
nlobulm fraction The albumin globulin latio is below unit\ with one 
CYception Experiment 459 
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Pig' 2 — Electrophoretic dligram of serum from a patient with Hodgkins disc 
into the B gioup (Experiment 438 Table II) the p ittern Is characterized by rcjame 
In albumin and coriespondlng- increase In total globulin concentration (inverted aiouii t 
ratio) as well as by striklnglj enlarged alpha-1 and alpha-2 globulin areas 


k 


X“ 




p 1 


Descending 


Ascending 


pig 3 — Electrophoretic diagram of serum from a patient P^**V_„nnally enlars 
Into the C group (Experiment 4fa0-b Table lit) the pattern shows aonoio 
globulin area in addition to Increase In the alpha globulin components 

Expeiiments 429-b and 429-c weie earned out on two 
the same peison, an inteival of foui weeks ensuing between collec i 

Diagiams of the Gioup C type aie lepioduced in Fig 3 
In one instance, Expeiunent 368, an extia globulin 
elect! ophoretic mobility intei mediate between that of gamma 
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— Electrophorettc dlagtam of serum from a patient uitli HoJgkjn s disease falling 
mto the C group (Experiment 303 Table III) In uddlUon to the Increase In gomma glob^illn 
group the pattern also shows tlie presence of on additional protein 
^V^;?P®P®o^labelea x on the diagram with a inobiilt\ Intermediate betue n beta and gan n a 
toe dP gamma globulin maxima are fully resolved onlj In the ascending limb of 


observed (see Tig 4) Tins component, labelled t in the diugram ^\as 
^ullj resolved fiom the v globvxhn boundai-j onb m the oscendin^ hmb of the 
coll 

Companson of the tables will show tint the distnutioii betwttn the three 
groups of sera is not too slniplt defined m all instances As would be txpected 
sera of inteiinediate t>pe weie encounteied m thus stud\ iendcnn„ tlieii 
classification difficult and somewhat aibitiai} This indie ites tht eMstcnce of 
transitions from one group to anothei which, perhaps lefleet tiaiisitoni changes 
Hi the clinical state of the patient (see below ) Thus tlie specimen crammed 
ID Experiment 429 b might also be placed iii the A gioup while the specimen 
from the same patient used m I]\peijment 429 c clearly falls in the C group 
Other instances aie the seia studied in E\penmeuts 460 a and 460 b w Inch show 
increases in the relatue coiicentiations of the alpha as well as of the gamma 
globulin fractions, and those analyzed in E\peiiments 373 and 457 

CLINIC \L UNDINGb 

Group t — The thirteen sera in Table I wcic obtained fioni clcicu patients 
All weie ambulatoij, iii a good niitiitioml state md fiee fiom such s\miptoms 
of Hodgkin’s disease as noticeable enlargement of Ijmph nodes Experiments 
a md 467 b weie performed on spccjmciis t7ken fiom the same patient 
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at an inteival of one month, while Expeiiments 443-a and 443 b weie done on 
the seium of anothei patient with an intei veiling period of foui months Sinw 
in one patient (Expeiiment 467-a) the disease had been manifest for onl) sii 
months and in anothei (Expeiinient 422) foi five >eais, the duiatiou of the 
disease does not seem, of itself, to be responsible foi the shape of the electro- 
phoietie pattern All patients in Group A had at one time oi another recent! 
x-ray therapy, two of the patients were iindei x-iay treatment at the time the 
serum was withdrawn from them "With the exception of one patient (Expen 
ment 422), who died ten months after his serum was examined, all patients are 
alive at the present time Foui of them have not required further tlierapi mthe 
inteiwenmg period, then red cell sedimentation rates are normal or only shglill' 
ineieased above normal value Five other patients (Experiments 429, 4o7, 16i, 
480 and 483) have since been treated Mutli mustard gas following enlai'gementoi 
the lymph nodes, recuiienee of pain, and loss of weight In all instances there 
sponse to the treatment has been satisfactory 


G-i oup B — In striking contiast to the sera in Group A, the ten sera falhn 
into Group B were obtained from patients in an advanced stage of Hodgkm^ 
disease, terminal cases actually The iratieiits were very ill at the time 
mens were obtained They rveie bedridden and emaciated and had , 
the patients in this group died within three days to five months after the 
samples were withdiarvn foi electiophoietic study 


Gioup C — More than one electiophoietic expeiinient was pei 


formed ou the 
, cained out 


serum of three of these patients Expeiiments 460 a and 460 b were ( 
on the seiTim of the same patient rvitli an interval of one month, 

480-a and 4S0-li on the serum of aiiotheL patient with an mten 
months (Experiment 480-a will be found in Table I) In ^ ’"^^ 1 ^( 4293 , 

multiple analysis the first expeiinient iell into Group A (see 
Table I), while subsequent experiments on serum samples wh 
the same patient after three and four months (Experiments 429 
respectively) were classified as Group C patterns (see Table lH) 
diagram obtained in Experiment 429-b represents a scour ^ 

Group A and C sera In neithei of these patients were we 


able to 


clinical basis for these variations in the electrophoretic pattern 

All of the patients in this group were ambulatory and m j,g states 0 ^ 
state Considered as a group, however, they represented more se ^ 
Hodglon’s disease than those appeaimg in Group A, thev su ei 
fatigue (particularly patients furnishing the seium speenneus 01 
461, 462, and 460-b) The patient represented bj'’ the acquire 


368 exhibited reeuiient enlargement of lymiph nodes so seveie as 
institution of x-iay therapy Two of the patients m Group C ^edrd'^r’’ 

nients 318 and 462) One other patient (Experiment 442) disease 
nine months and is at the present time in a terminal stage 0 
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Attempts to coirelate the eleetiophoietic patterns iccoided in this study 
with individual factoi-s, sucli is diiiatioii of illness, \ raj therapy, anemia, age 
_of the patient, oi se\, failed Ilowciei theie is an indication that the Gioup B 
(Pattern pieiailed in tliose instances in winch the disease laii a lapidly fatal 
couise Pi\e of the seia in this ^loiip (B) DCie obtained fiom patients who 
(had had Hodgkin s disease less than a vcai, nil le tlie icnninnig fi\e had been 
ill for about one jear This is in coiitiast to the patients lepresented bj 
Table I, five of whom had been ill foi less than a jear tliiee foi a yeai three for 
tno jears, and one foi tliiee to five jears Oioup C shons a more geneial dis 
tribiition as to disease dui ition since tno cich had been ill tor less than one 
yen, foi one yeai, and foi tno leais and one each foi tliite and five jeais 

DISCUSSION 

Tile obsenatioiis made in tins study nidieati that the elcetioplioietic pattern 
of tlio seium piotenis is nonspecific for Hodgkin s disease Thus none of the 
thiitj three analyses made by us piodiieed a pattern peculiar to Hodgkin s 
disease Tliree types of curves — designated A B, and C — neie however oh 
tamed, and each euive could be more oi less coiiehted nith the clinical state of 
the patient Thus the A eui\e nas obtained from patients whose nutiitional 
state was and is to date, uoinial The B cuiyc characteiized by elevated alpha 
klobulm compoiioiits, was produced bv teininial stage patients those who vveie 
cachectic, anemic, febiile and edematous Finnllv the C cuive, chaiacterized 
by elevated gamma globulins nas fuinishcd by patients m a stage intei mediate 
between the tno othei's not tenuinal but dcfiintclv moie advanced than that of 
patients m Class A 

Compaiisoii of oui fludiii„s with those obtamed from sera of patients with 
tubeiculosis failed to show any parallelism between tuberculosis and Hodgkin s 
disease In the foriiiei disease the alpha globulin losc early in the eouise of the 
illness, while m the latter disease a use of the sinie fiactiou occiuied terminally 
la tuberculosis® the niciease in oamma globulin appeared to be related to im 
mimologic piocesses while ui Hodgkm s disease no sucli conclusion could be 
drawn 

Of further interest is the iccoidcd increase of alpha globulin in pneii 
nioiiia' and nr other febrile diseises vvhicli arc accompanied by tissue break 
down * 

111 the coui'se of our studies the question aiose as to whether blood seia 
patterns were reversible fiom the B and 0 types to A Only one example was 
found, txpenment ISO b, which fell into the Gioup C A lepeat test on a blood 
sample withdiawm from this patient one month latei resulted in an A curve 
The maintenance of a perfect nutritional state in this patient sixteen months 
nftei the tests despite recuiicnce of massive lymph node eiilaigement would 
indicate a relationship between nutiitional state and the eleetiophoretio curve 
rathei than a relationslup between hraph node enlargement and the electro 
Phoretic serum pattern 
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SPECIAL ANNOUNCEMENT 

The following is inserted it tlie request of tlie Cutter Laboratories 

Berkelej, Calif 
May 6, 1948 

For Immediate Release 

Superseding our ur mill lelease dated M iw 5, 1948 is the ui 

Di R K Cutter, president, of Cutter Laboratories ‘ ‘ Contamination has ^ 
another and eutirelj difterent glucose solution, dextrose 10 per cent in Einpr s,^ac^^^ 
m "iinouiicement made tod u bj Dr E K Cutter, president, of Cutter a J’ 
coinpuij IS cooperating with the Food ind Drug Administration, and is 1 , 5 pitah 

ance of health departments throughout the countrj, in immediatelj recn Cooi®'^ 

Cutter’s entire lino of dextrose and other solutions for mass intravenous jut 

officials believe tint discoierj of this new contamination makes jdntamiaaht" 

product produced in their intraccnous solutions department until this ^ jejtio-;, 
difficultj IS soiled The other products produced in tins department 
distilled w itci, sodium citrite, normal saline solutions m 50 and 100 cc > 
flasks supplied bj Cutter for community blood and plasma banks pj ,tite 

“The reason foi this cont iniination is still unkiiowoi, and until t lej^ 
answer, Cuttei feels this is the onh step th it can be taken lu the m eres otiM 

In the meantime, irrangements ue being made to supplj hospitals wi 

manufacturers ’ Cutter Laboratone*- 



THE TISSUE DISTRIBUTION" OP RADIO VNTniONI 
INHALED AS STIBINL 


EoBtRiE Sjiith, PhD,J Murk vy Steele MD Robert B Evkiy PhD 
andDeinB Cow IE AB 
Bethesdi, Md 

INTRODUCTION 

R ecent pioWems m the field ot tiopioal diseases haie semd to emplusizc 
our present limitations m then ticatmcnt To liiitlier the theiapeutic use 
of compounds of antimony in these diseases a bcttn knowledge of the plnsiologic 
and pharmacologic propel ties of the element is necessan New and moic piecise 
methods of assaj foi aiitimonj haie been leeeiith deielopcd whicii can be used 
for studies in i itro and m t ivo ’ “ 

Since the toxicitj of a drug is, in gencial a tmietion ot botli (oiicentntion 
and time of letention, a given agent is likcH to show \ mnig tosicitics to diffei 
ent organ ststems of the liost and paiasite depending upon the csteiit and ehem 
leal state of local accumulation and the rate at which it occuis 

Inhalation of a gaseous compound of antimom sfilmic (Shll ) lus hcon 
reported effeotne in reducing the paiasitc count in thicks infeited with Plas 
Moduim i/aUiiiacduii ^ It therefoie seemed of mteiest to learn tlie eonctntration 
of antimony as a funetion of time in the blood and tissues of chicks (both noimnl 
and infected wath P galhnaceum) and in guinea pigs oftci treatment with 
stibmo eontainmg ladioantimonj 


METHODS 


■V raJioactue tract r inetliod wuh seIe(*to<I bc<aus« jt peroutted rapid detection aud 
accurate measurement of amounts as small as mjcrograros of tlie element per gram of ti'?sue 
^thout the tedious chenucal manipulations of microchcmical procedures Radioactive aati 
laony la one of the more farorablo dements for this purpose, since two relatiTcIy long half 
life isotopes can bo produced e/Rcientlj 

The antimony isotopes were prepared by the bombardment of antimony as a probe 
target in a sixty inch CTClotron * The followmg reactions were utilized 
51 Sbt2x + 1H2 51 + iHi 

51 Sbi23 + 1H3 51 Sb>24 + IHi 

The two isotopes have a half hfo of 2 8 and 50 days, re'^poctively and uero used in the mixed 
form as produced 

Ralioactno antimony was added to powdered magnesium in the ratio of 1 5 and fused 
^ a furnace under Na to produce an alloy from which stibine could bo generated at wiU by 
dropping a known amount of the alloy into a aO per cent hydrochloric acid (HCl) solution 
la a apecial container t The chamber ui>ed for exposing anunils to various concentrations 
of the gas was designed to permit rapid withdrawal of gas samples and of exposed animals 
during the experiment 
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Aiuimls \\ere lemoved from the chamber at the desired mtervals, exsanguinated, a' 
the Tanous organs and tissues dissected and xveighed immediately Blood 'ampler ree 
at once centrifuged and the desired components taken up m 1 ml Luer synnges Oigj 
and tissues were ground uith small glass mortars and pestles and the samples meanicdh 
volume in Luer syringes Occasionally the quantity of tissue was insufficient, so that orjan 
for several animals nero pooled The measuring cups were of Lucite and were kept frrf 
of radioactne contamination as shown by check with Geiger counters Each cup was iivl 
only once during any gnen experiment A standard volume (Od ml) of tissue or b'»i 
was used for measurement wherever possible The radioactivity of the 'ample was measjid 
by a beta ray counter at a standard distance The conversion of counts per second to muf 
grams of antimony was made by reference to a standard sample contaming a known amuii 
of antimonv, the ladioactivitv of which had been measured m a mamier identical to tlal «' 
the biologic samples 


PROCEDURES AND RESULTS 

Foul gioups of fioni foitj to seventy chickens (7 and 9 days old) and one 
set of twenty guinea pigs weie gassed ivitli stibine foi a period of about fiftr 
minutes, lemoved fiom the gassing chainbei at the desired time, and sacrificed 
foi analysis Two gioups of the chickens and the guinea pigs vveie from nomd 
stock, a thud group of ehiekens uas found upon autopsy to have a lespiralon 
infection, and the four th had been heanly infected mth P gallniaceum Para 
site counts were made on each clueken in the foiiith group prior to the gascM" 
period Stibine gas concentration foi these expeimients was about 25 parts per 
million 

Tmie-eoucentratioii curves were obtamed foi blood and ceitain of its irae^ 
tions and foi spleen, livei, kidney, heart, and biain Bach point mt 
IS an average value foi several individuals (two to si\ with the clucks, tivow 
the guinea pigs) Some of the fluctuations obseiwed are 
mg errors and the small niimbei of animals used for each point It ’f 
that the gieatest variability occiiis in muscle and, m geneial, the eas 
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(Table I) Tbeie aie also othei potential somees of vaiiability such as species 
' differences and concurrent infections, but the cliaraeteiistic curves of antimonj 
concentration as a function of time are similar in comparable tissues 

The whole blood curves (Figs 1 and 3) in all the expeiiments extubit a 
lugh initial level which rapidly falls off, giving an exponential type of cuiwe 
I One may note that the rate of disappcaiance of antimony from the chick blood 
IS only about half as rapid as horn the guinea pig blood 
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1 — Antimonj concentration in blood fractions of clilcks Infected with P galhfio^eum 

The curves of the blood fractions aie essentially similar m character to 
those of the whole blood (Pig 1) Although the led cell curve (Pig 1) is not 
corrected for packing, it is still evident that initially the antimony is largely 
lield witlun the red cells rather than in the plasma later this partition is less 
evident and appears to approach a value of unity 

High doses of stibme aie known to produce hemolysis of the red blood ceEs 
and this occurred to some extent in these experiments Both the dnect hema 
tocrit readmgs on the whole blood and the values obtamed indirectly by caloula 
lions from the blood fraction levels of antimony showed a piogressive fall in 
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Fig^ 2- — Vntimonj conccntiation in liver spleen and bialn of chicks Infected with? 

ceum 
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i—Antlmoni concentration in liter <pleen anJ kWnej of guinea pigs tolhwlag stlbine 
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5 — Antimony concentration in heart and perirenal fat of guinea pigs following stlbine 
gassing 


total led cell volume duiing the first houi follo\vmg gassmg amounting to about 
30 pel cent Aftei this the heinatociit remained constant at about 20 per cent 
red blood cells, ^vhetlle^ the diop was due to heinoljsis or not is uncertain 

From the present e\pei iments the cJimination cuncs of the lung brain, 
muscle, and fat tissues (Figs 2 and 5) appeal simiJai to those of blood, and 
the ratio of the antimony content of these tissues to that of whole blood lemains 
fairly constant duiin^, the course of the elimination of antimony from the bodj 
The concentration in othci tissues follows a somewhat different cuive, of 
which perliaps the most obvious example is that of the li\er (Figs 2 and 4) 
The result is the appearance of a maMmum concentration, reached only after 
an hour oi moie The spleen conforms m general to this same description The 
curves foi heart and kidney appear to fall in between the luer type and the 
blood type of exchange 

Some elementaiy insight into the dynamics of the biologic exchange of 
antimonj maj be gamed fioni a studj of the concentration ratio of antmiony 
in the blood to that in tlie various tissues at successne times aftei the exposure 
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This IS illusti cited by a tunc plot of the latios of tissue to blood couceHtatiun 
foi the guinea pig (Fig 6) Data fiom the cluck experiments yielded generdlv 
similai plots Since the oidinate is logaiithniic, it is easy to lead tlieoiderof 
magnitude of tlie vaiious latios by inspection Foi example, the liver coneai 
tiation at foui horns is eight tunes, while the plasma level is appioxiniatelyone 
hfth that of whole blood The slopes of the cuives also fuiiush evidence as to 



pig) after sHblne gassing 


wliethei the elimination fiom any given oigan is pioceedmg at a rate 
(slope zeio), gieatei than (slope negative), oi less than (slope positive) 
of the blood Foi most of the data the teiininal slopes appeal not to epa^ 
much from zeio This is fuithei suppoited by data pooled fiom seveia exp 
ments (Table II) showuig that the antimony eoncentiations of each o 


T VBLE H ATORitGE PARTITION OP ANTIMONX BETWEEN TISSUES ASP BLOOD 
lowing Treatment With Stibine, SIean Eatios (Concentration 
Tissue/Cos CENTRATioN Sb in Blood) 



1 HOURS APTEB gassing 1 

TISSUE 

s 

10 

24 

52 ! 

Liver 

Spleen 

llidney 

Heart 

Brain 

8 1 (4)» 

2S (3) 

2 1 (3) 

0 64 (2) 

0 017 (2) 

12 0 (2) 

31 (2) 

17 (2) 

0 85 (2) 

0 014 (1) 

91 (4) 

4 6 (3) 

19 (2) 

0 90 (2) 

0 018 (1) 

7 4 (1) 

3 4 (1) 

16 (1) 

0 65 (1) 


•Number of experiments in Minch tlie tissue-blood ratio was measured 
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tissues have attained a leasouablj’’ constant piopoitionalitj’’ to blood 
the end of eight houis , , curvc= 

With the foiegoing in mind and with the knowledge that the 
(Figs 1 and 3) exlubit a veiy lapid initial diop, it is cleai tia 
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mitzal penod the blood zs actually losing its anUmouy simultaneously to neaily 
all other tissues of the body and its obsei\cd concentiation is moie a fimction 
of total blood flow and lelatiie ■vasculaiitj of organs than of excietion Dunng 
the latei stages the loss by cxciction compnscs a far gi eater peieentage of the 
blood loss than is the case iintialU Ceitainly beyond tluce oi foiu hours it 
appeals that the blood elimination becomes approximately equal to that of most 
of the tissues, and the concentration latios xcmain essentialh at constant le\els 
charactenstic for different tissues Thus as the grand means in Table II in 
dicate after eight horns the highest concentiation of antmlou^ is found in the 
hver, followed by spleen, kidne'v heart and biam in deci easing order The 
concentiation in the first thice is al\\a\s greater than in the blood that in the 
heait IS about equal to it and in the biam it is always about 1/100 of the uhole 
blood level A numbei of othei tissues such ts muscle and fat lesemble biain 
m this respect and in then appaicnt tendeno to appio\imate the plasma leiel 
of antimony concentration This constancy in the tissue blood latios for the 
chick and the guinea pig may ba\c certain theiopeutic implications since after 
eight hours one might estmiatc the piobable tissue antimony concentration fiom 
that of the blood alone 

In both the guinea pig and chick experiments the concentration of antimony 
m the bile y\as measuicd at the yanous time uitervals and in the guinea pig 
that in the urine also The euiwes foi bile lescmblcd those foi hyei but the 
peak conccntratiotis were oidinaiiU lugliei than for liyei and tequiied about 
tyvice as much time to develop Thus the liver peak in the chicks was aluays 
reached at from one to tuo hours post gassing while the biliary maximum 
occurred at around tyvo and one half to ftye houis In the guinea pig the maxi 
mum m liver was at one half hour and m the bile at tyvo hours The latter 
coincides with the time of the urinary maximum Since in these experiments 
the total output of bile and unne yvas not known quantitatiye estimates of 
excietion by these routes cannot be made Howcvei some infoiniation on the 
excretion of antimony administered as stibme may be obtained from the cuive 
of the summated amounts in the \arious organs of the body as a function of 
time aftei the end of gassing calculated from the concentration of antimony 
and the volume of the respective tissue Such data yield curves which have 
been fitted by inspection (Fig 7) and analyzed graphically They give empiiical 
equations expressing the ebmination as a sum of decaying exponentials and tlieir 
coefficients Havmg obtained tlicse expressions for the amounts present as a 
function of time, one may then differentiate to obtain the lale of elimmation 
at any particular time Thus at the end of the gassmg peiiod the guinea pig 
IS found to be excreting antimony at an initial hourly late of around 60 per cent 
of the total amount present while the chicks are much slowei ringing from 6 
to 30 per cent per hour Otherwise stated it may^ be said that of the initial 
amount of antimony piesent at time zeio the guinea pigs had excieted 50 per 
cent by the end of the fiist forty five minutes aftei gassing while the chicks 
requiied from two to five houis to reach the same dcgiee of elimination The 
rough correspondence between the curve of elimination of the body as a whole 
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(Fig 7) nnd tlie blood cune (Pigs 1 and 3) appeal’s to fninisb additioml e\i 
dence that, ivith stibine at least, a lair approMmation to the elimination fiom 
the body inaj he had bj iceoiding the time eune of the blood aftei the fli'st two 
lioui’s have elapsed 

The single experuiient in Minch clucks heavilj infected Mith P galhnaceum 
Mere gassed levealed no significant diffeicnces between these animals and the 
nonmfected controls 


SU3»I \R\ VVD CONCLDStONS 

Radioactiie antiinonv idniniistcicd as stibine gas (SbHj) to eliieks (both 
iioiiiial and infected witli P rjalhnacenm) and to iioimal giiniea pigs has been 
measured in the blood and tissues at successive time intervals following its 
admmistiation Significant differences vvcie not appaieut between distributions 
in normal and infected groups 

The concentration of antimonj in the blood stieain t\liibited a sniootlily 
decajmg curve, deeieaanig nioie rapidlj in the guinea pig than in the chick 
The red cells contained initially a iiiucli lUoliei concentration of antinionv than 
did the plasma although tins difference was icduccd w ith time 

The eoncentiation curves of antinionv in lung brain muscle and fat weie 
generallv similai to those of blood, while those of the hver and to a lessei evtent 
of the spleen, passed thtough a inavumim about one horn following tieatment 
Concentiatiou curves of the Itidnej and hcait wcic of v ariable shape 

AppioMinately foui houi’s aftoi tieatment the tissue antinionj levels became 
constant with respect to order of lauk those in the liver spleen and kidnejs 
weie gieatei than in whole blood all other tissues showed conoentintions less 
than the blood but ns iiiucli as oi nioic than the plasma 

Evadeuco is adduced to show that the rate of clininiatioii fioni the bodv is 
higlier foi the guinea pig than foi the chick 
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LABORATORY METHODS 


A SIMPLE BEDSIDE METHOD FOR THE ESTIMATION OP 

BLOOD SUGAR 

Rachel S Leech, A B , and Norjia Woodford, B S 
Boston, Mass 

T he leaetion between glucose and dinitiosalicylie acid foi the estimationoi 
glucose was fii-st used by Suinnei m 1921 ^ Smce then, the Siinuier leageiit 
has been in geneial use foi the measuiemeiit of uiine glucose and leeentivlia^ 
been adapted for the deteimination of blood glucose on a tungstic aeid filtrate’ 
The following pioceduie is an extiemelv simple method foi the appioxu'iatf 
deteimination of blood sugai on a zinc hydioxide filtiate using the Sunmer 
leagent as modified by Exton ” The method, although adaptable mthm certaia 
limits foi a stiietl 3 " quantitative pioceduie, as discussed latei, is piinianlv de- 
signed foi an appioximate estimation of blood sugai by the plnsician oi nurs’ 
with a niinniiiim of time and equipment and Imiited laboiatoij facilities h 
shown in Table I, the appioximate lesiilts obtained in five nimutes using t e 
coloi standaids oi eoloi ohait dcsciibed heie aie essential checks v ith determnw 
tions as earned out bj’’ the Folin-Wii* maeioinethod and the FoluiMalnnos or 
the lapid Hagedoin-Halstioni-Jensen® niiciomethods 


REAGENTS 


(A) 10 Pei cent zinc sulfate (ZnSO^ 7HoO) 

(B) 05 N Sodium hydioxide (A stock solution piefeiably is kepl ‘ 
pai affined bottle ) 

These solutions, A and B, aie the legulailj’- emplojed macioso utions^^^^ 
piepaiing a Somogyi blood filtiate’ Thej^ maj^ be convenient!} 
bottles piovided with diopping pipettes giadiiatcd to delivei 0 4 nil o so 
Stock bottles, tightly stoppeied, keep well ovei a peiiod of niontlis 


(C) A solution of dmitiosalicylic acid piepaied as follows ^ 

(1) A sodium potassium phenol stock solution is made by 
Gni of Rochelle salts (sodium potassium taitiate) in about 600 m 
distilled watei and adding 13 Gm of phenol ciystals The to a 

the phenol die dissohed and mixed well, and the solution is then 
volume of 1,000 milliliteis , 700 ml 


(2) 12 Gm of monosodium 3 5 dmitiosalicylate® aie 


dissolved m 


the entif^ 


of distdled watei heated to a tempeiatuie of 65° 0 When 
volume IS pouied into the litei of sodium-potassium phenol stoc 
mixed well A }ellow piecipitate foims 
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SIMILF UIDblUE METHOD I OB rSTISI ITIOV 01 I5I OOD SUG « Gi 5 

(3) 6 Gni of Eodiuni bisulfite (N1HSO3) uie udded to the solutiou (2) 
and the whole is thoioughly miicd 

(■t) Piiiallj, 300 ml of 10 jki cent sodium hjdiosidi, (25 N) are added 
and the filial solution is coiiiplcteh mixed The lellow piccipitate ioiiiied 111 
step 2 disappeai-s at this point The solution should be put in a blown bottle 
and allowed to stand foi about one week befoie using 

To test the solution titnte 5 ml with noiiiial acetic aoid to the appearance 
of a white piecipitate If the iiagciit Ins been coiicftlj picpaied 1 86 ml oi 
the acid should be letiuiicd foi 5 ml of the icagciit This solution, if kept 111 
tile daik in a hiowii bottle, is slnhle foi at least foul to live months If an\ 
cloudiness deielops, the solution should lie fillcied befoic use 


VPP IK VTUS 

(A) A test tube appioMimtclj 12 5 cm long ind 15 mm in diainetei 
graduated at 3 8 ml , Tube 1 

(B) A Pyre\ test tube appiovimatel} 15 cm )on„ and 15 mm in diametei, 
graduated at 2 0 and 4 0 ml Tube 2 

(C) A cup 01 beaker 111 which a small amount of watoi maj be boiled 

(D) A sin ill funnel fitted with a piece of folded fUtei paper (Whatman 
No 1, 5 5 or 7 0 cm in diametei ) 

(E) A micioblood pipette graduated it 0 1 and 0 2 milliliter 
(P) A prepared eoloi chait 01 a senes of color standards 


PROerDURE 


Measure into Tube 1, 0 4 ml each of ReaoCuts A arid B using the ealibiated 
droppers with which the bottles aie equipped Add distilled water to the 3 8 
ml mark In all quantitatn 0 mcasuriug it should be remembered always to use 
lust sufficient liquid to make the bottom of the meniscus on a line with the mark 
cahbrated foi the desiied amount Rotate the tube gently and introduce into 
the pieeipitatmg mixtuio exactly 0 2 ml blood taken diiectly from the eai 01 
finger by means of a micro blood pipette (Venous blood may be used if col 
lected wntli fluoride oxalate* as a prcscivative and anticoagulant ) Mnx the 
contents of the tube with the pipetle by alternately sucking up and blow mg 
out the blood mixture then filtei immcdiateH into Tube 2 hv nitans of the small 
fmiuel and filtei paper A water cleai filtiate should result t Allow the filtiatc 
to collect exactly to the 2 ml maik We have found that by using the technique 
desciihed with Whatman No 1 filtei paper 5 5 or 7 0 cm 111 diameter 2 ml of 
filtrate may be secuied easily aud rapidly Add Reagent C to the 4 ml maik 
IIix thorouglily by lotatioii and iiiimcise in a boiling water bath foi exactly threi 
nimutcs The coloi ehan„es during tlie lieatmg period from a pure yellow to 


„ , The nuorlde oxalate Is nreptred by tliorouclilj mlxinp together 0 Gm powdered sodium 

fluoride and oq Gm power d potassium oxalate Seventj milligrams of tho mixture are us d Cor 
each 5 ml of blood 

..tVlthough for complete prodpUitton of protein a. freshly precipitated dne Indroxulo 
n i, usually recommended unless heat la used we have found tint the double con 

J;^^^tlon of rcufecnta jields a v at r dear flltmtf which give-* an easenllallj negative biuret 
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TitBLE I COMPAEISOV OP BLOOD SUGVR VALUFS, MQ PER 100 Mb , BY DIFFERENT llETIlOtlS 

SAMPLE 

AUTHORS’ RAPID JLETHOD 
VISUAL 1 PHOTOELECTRIC 

FOLIV WUI 
(MACRO) 

FOLIV 

M VLMROS^ 
(MICRO) 

1LVGEI>0E\ 

ILVLSTEOil 

JE\SE\t> 

(Micro) 

1 

300” 



300 

302 

2 

400* 

404 


400 


3 

120 


114 


119 


150 

162 

152 

152 

bS 

5 

200 

208 


194 

211 

6 

255 

266 

253 

266 


7 

220 

225 

218 

228 

224 

8 

250 

258 


248 

2o2 

9 

125 



129 


10 

100 



105 

90 

11 

290 



278 

2S9 

12 

100 



97 

94 

13 

200 

208 

200 

198 

1S3 

14 

200 


ISb 


15 

175 

1S5 

178 


1S9 

lb 

250” 



244 


17 

350 



33b 


IS 

50* 



58 

193 

19 

200 

208 

191 


20 

225 


195 


102 

21 

110 




22 

210 


191 



23 

IbO 


157 



24 

105 



94 


23 

110 



105 


2b 

100 



101 


27 

110 


97 



28 ' 

115 



112 


29 

102 



94 


30 

150 

152 

143 

142 

iOi 

31 

250 

236 

22b 

228 


32 

175 

173 


m 


33 

200 

192 


170 

34 

175 

172 

172 



35 

190 

202 

203 

200 


36 

105* 

108 


103 


37 

580 


030 



38 

290t 



270t 


39 

265 1 



253 1 


40 

320 1 



33St 


41 

190 


178 

180 


42 

165 


105 

148 


43 

155 


141 


44 

200t 



206f 


45 

loot 



94 f 


46 

105t 



92 1 


47 

loot 



96t 


48 

95 


94 



49 

105 


102 



50 

90 


98 



51 

110 


114 



52 

110 

110 

111 

105 

033 

53 

220 

225 


218 

370 

54 

390 

374 


S5 


55 

100 

87 

90 


56 

120 

120 

121 

lib 


57 

100 

97 

90 

85 


58 

125 

132 

128 

133 


59 

60 

110 

130 

101 

123 


103 

118 . 



^Comparison made with color chart alone j. 

tDifierent capillary blood samples obtained simultaneous! j fiom tlie e 
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a deepei jellow, yellow blown, oi leddish blown depending on tbe concentia 
tion of glucose present Cool slightly aftei iciiioval fiom the watei bath and 
compare the coloi obtained with the toloi chait oi staiidaid tubes, iiiatchiiig it 
to the nearest coloi Shades between stmdaids can be appioiimatcd Table I 
gives the lesults obtained on sistj blood samples using the deseiibed rapid 
estuimtiou iii compaiison with othei staiidaid methods In each case tlie lapid 
approvuiiatioii was done oithei befoie the accunte deteiminatioiis oi was done 
bj a second individual who had no knowledge of the collect lesults obtained 
with staiidaid procediiies 

PBEP IE ITION or COLOB ST IND IBDS 

A senes of aceuiate coloi standaids may be piepared as outlined below 
If piepaied uiidoi the conditions given these standards aie aceuiate to within 
5 per cent foi a peiiod of at least one month if kept in the refiigeiatoi (40° I ) 
when not m use 

An aceuiate stock glucose solution picpaicd ui satiiiated benzoic acid con 
taming 0 2 Gm glucose pei 100 ml is icqmied This solution is pciiiiaiienth 
stable if kept fiee fiom eontamniatioii A dilute staudaid coiitaiiiiiig 10 ml 
of this stock diluted to 100 ml with distilled watoi is used m piepaiing the 
standard tubes as follow s 


Tablf II Chart for Pbepiratiov op Clucose Stvjjdaees 


DlLUTJJOLUCOStSrVM)\RP | 
(ML) 

BOILEP TV \TEl 1 

(ML) 

BLOOD SLOAR EQUIVAI ENT 

(MC PER 100 ML ) 

05 

2o 

50 

10 

30 

100 

15 

25 

150 

20 

20 

200 

25 

lo 

-oO 

30 

J 0 

300 


A senes of tubes usmg quantities of the dtbite glucose staiidaid in incieas 
nig amounts of 0 5 ml from 0 5 to 2 5 oi 3 ml is piepaicd Fieshh boiled 
distilled watei winch has been cooled is added m amounts to make i total \ol 
lime of 4 inilliliteis Then to each tube cvactlj 4 ml of Keagent C aic added 
the contents of the tubes aie niL\ed and the tubes placed in a boiling watei hath 
foi tliiee minutes as outlined undei Pioceduic foi blood jVftci cooling 4 ml 
of the colored solutions aie tiansfeiied to clean, dij tubes of the same di 
ameter as those in winch the determination is to be made Two diops of toluol 
aie added to each tube and the tubes stoppered and staled with paraffin and 
labeled ivith the proper value in miUigiams pel 100 ml of blood 

The senes of standaids which we have used is given in Table II Standaiils 
between these values maj be piepaicd but are not necessaiv It is advisable 
however to prepare a new senes of stnndaid tubes with ever^ new lot of 
Reagent C as slight variations may occiu 

Although the senes of eoloi standaids luaj he piefeiahle a color chait 
from these standaids nia} be picpaied with oidiiiaij pamts AVitli a little e\ 
penence good appi oviniatioiis can be made vnth the coloi cinrt (Table I ) 
It was not feasible to reproduce heie the coloi ehaits made and used bj us 
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DISCUSSION 


The validity of the foiegoing pioceduie as a lapid method foi the estima 
tion of blood sugai is appaient fioni the lesults given m Table I Certain points 
legal ding the method, howevei, should be noted The i eduction of the Sumner 
leagent, undei the conditions outlined, is diiectly piopoitional to the concentra 
tion of glucose piesent between the ecpiivalent of a blood sugai of 75 mg and 
300 mg pel cent. Fig 1 



10 0 200 300 400 


MG- or GLUCOSE 


solutio"f,Ss 


Pig 1 — Two typical cur\es obtained from two series of stani^rd glu os The 
different lots of Reagent C Cui-\e A was done July IT curve B 401 aSS* 

were taken on a Leitz photoelectiic coloimieter using the green ulter i 
against the glucose concentration expressed as milhETams of blood sugar y 

solutio'^’ 


The cuives given in Fig 1 weie obtained with standaid glucose 


No 


usmg a Leitz photoelectiic coloiimetei with the gieen filtei, (Jiftero'* 
Slight vaiiations oceui, as indicated by these two typical ciiives, ivi 
lots of Eeagent C It is essential, theiefoie, if the coloi of an uu tlia* 

measuied accuiately on a previously standardized photoelectric co ou 
the instillment be lestandardized with each new lot of Eeagent ^jgsiraW^ 
quanitative technique throughout the procedure would obviously ® 
if the final measurement of color was exact, oiii results do not wan 
assumption as a necessity With accuiately calibrated tubes an 
careful technique, any eiioi due to lack of quantitative pipetting is 
real significance. Table III 
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Table lir Comiarison oi Blood Sugar \ iluer A\itu and Mituout Quantitatiie Measure 
MENT, Mg 1 er 100 Me 



TECUVIQUE AS 

RECOMMENDED 

1 QUVNTITVTIVE MEASURING 

1 FOLIN 

bAUPLS 

VISUAL t 

PHOTOELECTRIC 

1 VISUAL 

1 PnOTOELECTRIC | 

1 OR FOLIN W U* 

1 

110 

110 

100 

100 

105 

2 

120 

120 

110 

117 

116 

3 

100 

97 

105 

105 

90 

4 

125 

132 

120 

130 

135 

5 

150 


150 

lo7 

150 

6 

200 


JOO 

213 

202 

7 

150 


loO 

163 

160 


In the pioeedure as recommended the preciintatiou of blood protein is 
effected by means of fieshlv piecipitated zinc h\dio\ide The concentiation of 
zme sulfate and sodium hidioMdc used is sufficient to jueld a protein free fil 
trate without the use of iieat ' The filtiation is lapid and the necessaii volume 
of filtrate is quieklj and easih obtained V second pioeeduie for precipitation 
of the piotein maj be used if desired The blood maj be pipetted diiectlj into 
3 ml of ivater the pipette being nnsed thoioughli bj alternate sucking up 
and bloiiing out of the iiater solution To the blood and water solution then 
the necessary quantities of Reagents A and B are added the tube is stoppeied 
and the contents aie mixed bi slial mg well Using tins method for preeipita 
tion of the piotein filtration is less lapid and the total volume of filtrate is 
slightlj less If this method of picoipitation is adopted, it is i ecommended that 
tubes graduated at 1 5 and 3 0 ml be used lather than at 2 0 and 4 0 milliliters 


Tabes rv Compibison of Blood Suoar Vaiees Obtained With Dipferest Tecunkjues 
FOB Precipitation of Protein Ato per 100 Me. 


SAMPLE 1 

1 TECHNIQUE A* 

TECHNIQUEBf | 

FOUN 

MAI MFCS 

OB FOriN VVU< 

VISUAL 

1 rnOTOELECTBIC 1 

1 MSUVL 

1 PUOTOEI ECTRIC 1 

1 

100 

90 

75 

76 

81 

2 

115 

109 

115 

109 

101 

3 

110 

111 

95 

87 

lOo 

4 

95 

100 

80 

77 

85 

5 

120 

123 

110 

125 

112 

6 

220 

224 

200 

187 

218 

7 

390 

374 

38b 

366 

378 

8 

105 

104 

05 

93 

99 


•Blood Introduced into Zn(OH) 

tBlood introduced into ivater then ZnSO solution (Reagent A) added followed bj NaOH 
solution (Reagent B) 


This method for piccipitation of the pioteiii offers the advantage of not getting 
the pi-otem piecipitato in tiic imciopipette tiuis niakmg the cleaning of the 
pipette considerably ea&iei Fuithcnnoie this method foi piccipitation of the 
piotein Yields a tiue Somogyi filtrite and in some instances the blood sugar 
^al^es obtained may be appiecnbh lower (Table r\^) approaching probablj 
the true blood sugar value 

Since m its simplest form the method is dependent for tlie final estimation 
on a color comparison with staiidaid tidies oi a coloi cliai’t the importance of 


See footnote t p C4a 
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standaidizmg one’s individual technique foi judging the color cannot be over 
emphasized If standaid tubes aie used, the unknown solution should be m the 
same size tube as the standaids In using the standaid tubes, we haie obtained 
the best lesults b-^^ holding the unlniown tube between the two closest standard 
and judging the light which comes thiough the tubes In this vay tbe density 
ot the coloi can be faiilv accuiatch appioximated If a coloi cliait is used, 
we have obtained the best lesults b^ holding the tube containing the iinknomi 
obliquely above the block ot coloi neaiest in shade, with the souice of light com 
ing towaid the tube fioni behind the woikei We have used daylight for all of 
oui compaiisons 

The deteiimuation is designed foi 0 2 ml of blood When a blood suaar 
value ovei 300 mg pei cent is found, gieatei aecuiacy can be obtauied bv re- 
peating the deteimination using 0 1 ml of blood and subsequently multiplying 
the lesult by two In this wav, compaiison is made with a standard under 
300 mg lathei than by an attempt at a compaiison -with the yen deep red 
blown coloi s obtained yvith a 400 oi 500 mg standaid 

The method m its piesent foim is not suitable foi the estimation of veiy 
low blood sugai values Between 50 and 75 mg pei cent, faiilj good approy 
imations can be made Below' 50 mg pei cent the coloi of the leagent blank 
IS so intense that any ineiease of coloi due to glucose is indisceinible 


SUAIAIAKY 

A simple method designed ioi the lapid estimation of blood sugai bi the 
phj'sician oi woikei ivith a minimum of laboiatoiy expeiience and eguipm^ 
has been desci ibed The method is based on the i eduction by glucose of 
salicylic acid and closeh checks deteiminations done by otliei standaid met i 
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In the paper bj Maltaner and Gnesli, A Method for the Determination 
10 and 100 in the Quantitatue Complement Fixation Test foi Saphihs, p 

March issue of the Journal (33 383, 1948) in the column heading of la 
should read 12 5 



PRODUCTION OF TEMPORARY DIABETES '\IELLITUb IN MAN WITH 
PITUITARI ADRENOCORTICOTROPIC HORMONE RELATION 
TO URIC ACID METABOLISM 


Jerome W Covn, MD Lamrence II Louis s< D \nd 
Clv\to\ E Wheeler AID 
Am\ Arbor jMich 

T he pioductioii 111 noimal animals of eithei tempoidiy oi peimaueut dia 
betes by the injection of eiude saline extiaets of antenoi pitmtaij glauo 
lidb been amph demonstrated* ® and iepeatcdl\ confirmed* The factor oi fac 
tors responsible foi the diabetogenic acti\it\ of these extracts lemaiii unknown 
Usmg biologicallj pure giOMtIi homione Alais Audeison Pong aud E-v ins 
reported an increase in gljcosuiia of paitiall\ depancieatized lats Ingle Li 
aud E\ans® used 7 mg per day of puie adienocoiticotiopic hoimone (A C T H) 
m normal rats force fed a high caibob>dratc diet and tliej obsened incicased 
unnarj nitrogen, ghcosuiia and b>pex,,Uccmia duung the period of adnuins 
tratiou Bennett and LP pioduced marked increase in el^co&u^n and se\eic 
nitrogen loss in alloxan diabetic rats with the use of puie adienoeoitiLOtiopic 
homone When thej used pure growth hormone in such piepaiatious the\ ob 
served onlj an occasional increase in ghcosuiia It is significant tliat this oc 
curred e\en in the presence of the nitrogen retention which chaiacteiizes the 
activit> of growth hormone Thus so far as pure pituitarv fi actions aie con 
cerned, adreuocoiticotiopic hoimone has been found to ha\e the greatest dm 
betogemc effect of auj tested to date Since it is known too that administra 
tiou of suitable amounts of Cll or Cll 17 oT\steioids to rats is diabetogenic « *" 
the assumption is ^alld that the diabetogenic octnitv of adienocortieotiopic 
hormone is due to cortical elaboiation of laigc amounts of Cll and Cll 17 ox\ 
steioids among other possibilities 

In man neithei a diabetogenic nor an auti insulin effect of administeied 
corticosteroids has been demonstrated*' * AMtIi doses as higJi as 100 m„ pei 
daj of 11 dehj diocorticosteione This ina\ be the result of too small a dose if 
the estimation of Ingle and cowoikers* of the secictorj potentiality of the ad 
lenal gland is \aLid 

The administration of puiified adienocortieotiopic hoimone to man has 
been limited by the difficulties attending its prepaiation It was used fiist in 
two normal men by Biowne*=* No spontaneous ghcosuna was obsei\ed in 
either subject One who had received 40 mg per da^ foi two di'vs showed i 
decrease in carbohydiate toleiance on the nioniiug of the tlind day and nlvco 
*101 la was noted during the glucose tolerance test (100 Gm oially) Thirt\ 

Prom the Department of Internal Medicine Univcralty of Jllchlgan Medical School 
,, . This work represents part of a project financed m the R carch C rints Division of tii 
united States Public Health Service 

Received for publication Vpril 17 1948 
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minutes betoie the test the subject had lecened 40 mg ot adieuceoiticotioii'i 
hormone subcutaneously In two lecent lepoits of espeiiments in ivlueh lai«er 
doses weie given, no glycosuiia vas obseived Mason and co-woikeis,“ emploi 
mg doses as high as 100 mg pei day (eight injection days ovei a twehedai 
peiiod) of adienocoiticotiopic hormone (prepared accordmg to the raetW of 
Li, Evans, and Simpson^®), found no impaiiment of caibohydiate toleiance kt 
observed a mild inciease in lesistance to insulin Poisham and coivorlers' 
iismg 40 mg pei day ot adienocoiticotiopic hoimone, piepaied bi a iiiodiki 
tion of the method of Saj eis and associates,^' toi six days, noted a small is 
of the fasting blood sugai level in then noimal subject No ghcosuriaoc 
cuiied Glucose toleiance tests weie not reported 

The present report deals with the pioductioii ot a diabetic state in all d 
three normal subjects who received daily injections ot purified adienocortico- 
tropic hormone”" This state was chaiacteiized by glycosuria and a sigmficaEt 
loss of caibohydiate toleiance duiing the entiie peiiod of adrenocorticotropic 
hoimone admiuistiatioii In two ot these subjects, one man and one woman, th 
loss oi toleiance foi caibohvdiate was great Tliese subjects exhibited severe 
iiegatne nitrogen balance dm mg the period ot adienoeoiticotropic hoimone in 
jection The thud subject, a woman, developed a milder glycosuria, lost much 1^' 
tolerance tor carbohydrate, and demonstiated no negativity m the nitrogen i 
ance study In fact, glycosuria developed during a period of nitrogen retention 


METHOD OP STUDY 


Frocedure — Two appaientlj normal, 24jearold, female senior medical 
lectb A M and H W ) were fed a constant, carefully neighed diet for thirty 


students (tdr 
two consecntiw 

176 Qni of 


days The diet contained 09 Gm of iirotem, 300 Gm of carbohydrate, and 
.Analysis showed nitrogen, 15 75 Gm , sodium, 4 40 Gm , and potassium, 4 8 grams 
The first twelve days established a reliable base line During the next eight 
subject received 120 mg of adrenocorticotropic hormore (Batch 37 K E, 
luuscularly daily The total amount was given in three doses (40 mg every eio 
The remai nin g twelve days were used to study recovery from the abnormal nieta o ^ 

The third normal subject, a 37 year old dental student (Subject K ^ 
constant diet for thirty three day s It contained 99 Gm of protein, 300 Gm of MV 
ind 197 Gm of fat Analysis showed nitrogen, 15 75 Gm , sodium, 4 03 Gm, 

4 86 grams After a ten day base line period the subject was given 50 mg jjjj jeit 
ticotropic hormone every eight hours (150 mg per day) intramuscularly Jar 

ten days Tins material was from Batch 37 K G (Table I) During the last 
the recovery phase was studied pr 

Pituitary Adrenocorticotioyic Eonnoiie — The materials used m this ^ vj, af- 
paredt bv a modification of the method of Savers and co workers -The la it"' 
plied us with the properties of these materials (Table I) In all cases tie 
tropic hormone was given in a concentration of 10 mg per 1 c c of salme 

Chemical 'Methods — Determinations pertormed, winch are connected wi^ 106 untit' 
were blood sugar, is blood uric acid,io blood glutathione , 2 urinary uric nci 
glucose 22 All nitrogen determinations were done by the macro kjeldalil ^^^^,, 00 ,( 1411 - 
tolerance tests performed during the period of adrenocorticotropic hormone c 

were begun at 8 a 11 , nine hours after the last injection of idrenocorticotropa 

j[I for ^ 

*'We aie indebted to Br J R Mote The Armour Laboratories Chica 
purified adrenocoi ticotropic hormone used in these studie'^ 
tin the A.rmour Laboratories Chicago 111 
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order to a\oid anj uumediote or oi,traneou3 gljcogeuoljtic etlect nhicU could bo assigned 
to the adrenocorticotropic niaternl used On such dajs the doso o£ adrenocorticotropic hor 
mone usually given at 7 am ttus gi\en at tlio conclusion of tlio test (noon) Tlie glucose 
naa administered oralljr on the basis of 1 7o Gm per kilogram of base line body ueiglit, and 
the same total amount was gi\en for all subsequent tests (Subicct M V» 108 Qiil, Subject 
V M , 104 Gm , Subject E S , 122 Gm ) 


table I PR0PERTIE3 OF THE iVDREVOCOPTICOTKOPIC HorJIONE PREPABVTIONS EMPLOYED 



1 


OXYTOCIC 





A 0 T H 

PRESSOR 

iCTivrrv — 

PROLACTIN 1 

1 



AcnviTi 

ACTIVITY — 

aUINE.\ PIC 

\CTI\IT\ — 

GONADOTROPIC 



(PER CENT 

ROOSTER 

UTERINE 

PIGEON 

Acrrivm — 



OF ABMODP 

B P 

STPTP 

CORP S*\C 

COLUP 


BATCH 

t STANDARD*) 

(UNITS/MG ) 

(ONITS/MC )| 

(UNITS/fiCO ) 

(UNITS/MO ) 

SOLUDILITV 


7 K E 41 5 ± 12 0 005 0 OOJa 0 5 2 0 Soluble m 


saline 

“IZKG 34.8± 2 0 006 0 017 Oo 2 0 Soluble in 

saline 


The biologic activity of Armour A C T H Standard (U/V 1 A) is such tliat a single In 
n injection of 0 004 mg produces consistently a 0 to 30 per rent decrease In adrenal 

a.corbJc acid content of the hypophjscctionized rat 


RESULTS VND COMJIENTS 

No immediate symptomatic effects of juiectious of adieuocoiticotzopic hoi 
moue weie expeiieuced by any of the subjects This is diffeient from the es 
penence of Forsbam aud co woileis* ulio used different batches of Armour s 
purified adrenocoiticotropic liormoue aud observed symptoms suggesting pos 
tenor pituitary pressor aud osy'tocic activities Subject I\I W developed red 
ness and itebmg at the site of lujectious duiing the last thiee days of adminis 
tration (Days 6, 7, and 8) ilore annoying to her at this tune was the itcluiigj 
aud discomfort which occurred at sites of prior injections Subject R S de 
veloped severe acne of the face scalp, shouldeis, bach chest and abdomen on 
the eighth day of injection He had ucvci had acne This began to i egress 
slowly upon cessation of injections (eleventh day) but peisisted with continued 
regression for foui v\eeks Botli female subjects experienced gioss irregulai 
ity of the menstiual cycle which followed the adrenocorticotiopic hormone mjec 
tioa period The ne\t cycle returned to normal It should be mentioned that 
m all three subjects there oecuned a four to fivefold increase over the base line 
f'f the daily total excietion ot 17 ketosteioids ^ This is a much greater mcrease 
than has been observed previously * but the amounts of adrenocorticotropic 
hoimone employed m oui expenmeiits were gi eater than these previously used 
A great retention of sodium and a diuresis of potassium were also observed in 
all subjects 

Table II and Fig 1 demonstrate the data bearing on carbohy drate metabo 
hsm which were obtained on Subject R S Tins subject showed the most strih 
ing distuibauce of sugar metabolism of all thice subjects given adienocoitico 
tropic hoimone During the ten day adrenocorticotropic hormone pciiod a total 
of 252 Gm of glucose was excreted iii the urine 12 Gm appearing on the first 
‘lay and 36 and 33 Gm , lespectively on each of the last two days During the 
same period, urinary nitrogen averaged 19 3 Gm pei day as compared with an 
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dveiage ot 13 5 6m pei clay obseived iii the base hue peiiod A total of oS] 
Gm of extia mtiogen icas excietecl m the mine in the adrenocoiticotiopic hor 
moiie peiiod This lepiesents loss of 360 Gm of body piotem m ten davs, ci 
36 Gm pel day, despite a dailj intake of 99 Gm of piotem Negative nitrogf) 
balance continued foi ten dajs aftei cessation of adienocoiticotiopic liormoD" 
and amounted to an additional loss of 119 Gm of body piotem 

If, foi the adieuocoiticotiopie hoimone peiiod, one assumes that all ot Ite 
excieted glucose had aiiseii by excessive glyconeogenesis fiom piotem one ar 
lives at a D N latio of 4 3 and a glucose fiom piotem comeision late of 70 pet 
cent That such an assumption is not justified uudei the conditions of Ikh 



Fig 1 


study IS obvious 


Theie is no leason to believe that the subject could > 


disposed of an additional 100 oi moie giams of glucose (mei and 
Gm contained in his diet) uoimally and without glycosuiia liad e 
leeeivmg adienocoiticotropic hoimone To assume, then, that 
fiom body piotem so taxes the noimal mechanisms by which glucose 
that those mechanisms bieak down is uni easouable, and especially tb’> 
lealizes that an aceiage of 36 Gm of sugai pei day is the maxiuia ai 
could have been deiived fiom piotem, in Subject R S, had 1 
veisiou been possible Thus it becomes cleai that legaidless o 
the glucose (dietaiv eaiboln cliate and piotem, and endogenous pj^ subj^''* 
has occuiied a \eiy impoitant ovei-all deciease in the capacit) 


iEMlOIMKl DIlBtTLb MLLLIIUS IN SUN b55 

T^ule II Emn oi IsTnAMVbLVLAn iDMivisrr im\ Oi AvRi-socoRiicoTrofic 11 ormo\e 
UPO^ C\RBon\DR VIE, NiTrooEN \ndLric Void "Met \boi ism (>gonMAi Maie 
St’BJFCT R S 37 > 
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Before first injection 

tDay of slucose tolerance test (see Fig 1) 

^ Methotl of Benedict and Franke* B metliod of Cucimnan and co uorker ^ 

to dispose of glucose normaliy (bj oMdation and/oi touveision to fat) Tins 
conteutioE is supported by the facts that not oiih has nonutihzed glucose ap 
peered m the urine but, in addition luoie unutilized glucose has accumulated iii 
tile bod> fluids (see “I able JI rastin^. Blood Sujtai Let eJs) thelnei,' and Aer\ 
hUelj in the muscles as well Pmthei that this state of affiiis (deeieased 
capacitj to utilize glucose) is leHted not to negatne iiitiOoen balance but to the 
presence of adienocoiticotiopic Iioriuoiie acti\at\ is e\ideut (coinpaie Bajs 11 
and 12 with Dajs 21 and 22) Pimlh the glucose tolerance cul^es (Pij, 1) 
denionstiute a gieatl> deci eased cupacitj to deal the blood of absoibmg ,;,lucose 
Tins deflcieucj is appaieiit aftei one dn of adieiiocoiticotiO])ic lioiinoue ad 
lainistration After ei^ht da^s of adrenoeoiticotiopie hoimoiie there can be 
httle question that a diabetic state is present 
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In the light oi pie'^ent knowledge two main pobbihilities exibt In ubitliw 
might explain the deci eased capacity of the tissues to dispose ot ghitose 

(1) Inteiteienee wntli the peiipheial activity ot insulin due to (a) m 
cieased hexokmase inhibition by coiticosteioids or by adieiiocoiticotiopie k 
mone, (b) stimulation ot panel eatic alpha cell secietion-^ bj eithei adrenoiorti 
cotropic hoimone oi adienal coiticosteroids, and/ox (c) destruction of insiil,» 
pel iphei ally 

(2) Diminution in the pioduction and/oi lelease of insulin iiom the kti 
cells of the panel eatic islets 

No attempt was made to study the hist possibility The seioud oueifc 
studied Avith lespect to niic acid metabolism and the blood levels of "Ik 
thione (Table I) 

The administration of adrenocoiticotiopic hoimone pioduces a lar"e ii. 
crease in the uimaiy exeietiou ot iiiic acid aceompanied bv a decrease of bki 
uric acid It is believed bj some” that neithei inci eased blood clearance tr 
uiic acid noi hemodilution can adequately explam these phenomena and Ikf 
inei eased production of uiie acid probably accounts toi the mei eased ewretion. 
It IS conceivable that cluiing the iiici eased production of uric acid vluch occur 
as the result of administration adrenocoiticotiopic hoimone (and wlucli is lu 
duced by the elaboiation of excessive amounts of 11 and 11-17 ovvgenated 
tieal steroids), inter mediai les, similar in then efliects to alloxan are produce! 
and reach a critical iiiti acellular concentration in the beta cells Such a concept 
need not imply necrosis of beta cells, as is known to occur aftei the adniinistra 
tion of large amounts of alloxan, but could suggest depression of intracellular 
enzymatic production of insulin as the result of prolonged exposure to lelatireh 
lower concentrations of noxious intermediaries of uric acid metahohsm 

It IS appreciated that such considerations must be regarded as speculative at 
present But in Table I are recorded data related to the problem Note ti*- 
the lowest levels for blood glutathione were obtained during the adrenocorti^ 
tropic hormone period (determinations of glutathione were not done lU 
other two subjects) Note, too, that the highest Impels of uiinarj^ uiie acid ver 
obtamed during the same period It is well knorvn that administration ‘'j 
an to animals produces a prompt and severe depression of the level o 
glutathione The recent lepoid; of Griffiths*® showing the production of 
glycemia m rabbits by first lowering blood glutathione by means of a diet 
eient in cystme and methionine and then admimsteiiug unc acid 
toneall}’" suggests a possible relationship of those experiments to the ones 
reported 

The results of the studies ot carbohydrate metabolism m the ofh^ 
adrenoeoifiicotiopic hoimone treated subjects are showm in Table II an 
2 and 3 Subject A il, while ingesting 99 Gm of piotem dailj, dest 
addition, 113 Gm of body protein diiimg the eight-day adienocoiticotmp^^^ 
mone period, an areiage of 14 Gm per day A total of 30 Gm of 
peared in the uime over the same interval From the lasting blood 
and the daily glyeosuiia (Table III) it appears that m this subject 
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E 111 i>FFLCT OF INTRAMUSCULAK ADMINISTRATION Oi ADRENOCORTICOTROPIC Hoi MOM. UPON CARUU 

U'iDR\TE Nitrogen, vnd Uric Icid Metabolism (Two Normal Femvle Subjects) 



intense depression of caiboli^drate utilization occuned during the first thiee 
days of adrenocorticotropic hormone administration This was a period when 
nitrogen balance was being maintained Unfortunately a glucose tolerance test 
was not done during this period TJie peiiod of negative nitrogen balance 
began on the fourtli daj of injections of adrenocorticotropic hormone Thus 
again we note the absence of a clear temporal correlation between nitrogen loss 
and the disturbance of carbohydrate metabolism It is clear that in. both sub 
jects so far discussed (Subjects R S and A M ) negative nitrogen balance and 
glycosuna were provoked by administration of adrenocoiticotropic hormone but 
It seems unlikelj that either was dependent upon the othei Pig 2 shows that 
after se\en dajs of injections a diabetic curve was obtained in Subject A '\r 
Subject m "W showed the mildest effect of adrenocorticotropic hormone 
upon carbohydrate metabolism of any of the three subjects studied (Table III 
and Pig 3) although she was treated on the same days and by the same proce 
dures as tliose which apply to Subject A hi Vaiiations among indiMduals and 
1 species differences in the response to adrenocorticotropic hormone may account, 

' m part, for the discordant results so far reported 
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HOURS AFTER GLUCOSE (l75 GM/kiLO ORALLy) 
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Table III shows that Subject M W Lxhibitetl obcosmia duiing' the entire 
eijjht days of adieiiocoiticotiopic hoiinoue adnnnistratiou It is uotewoithj 
that iiegatue iiitrogeu balance was not produced in this subject at anj tunc 
In fact, the initial response uas that of mtiogeu letention The sharp inciease 
m urinai} excretion of uiic acid howeaei was almost identical in absolute 
\alues, witli that obtained for Subject A M In all thiee subjects during tlie 
adrenocorticotiopic hoimone periods the gljcosuna shows a much closer cone 
latioii with the increased pioduetioii of uiic acid than with the state of iiitiogen 
equilibrium 

Table III demonstiates anothci inteiestiug finding In both subjects gUen 
suiia continued for one day aftci cessation of adrenocoiticotiopic hoimone ad 
mnnstration and then ceased for fortj eight houis Duiing tins peiiod urinaii 
uric acid le\els fell to the base line a allies Fasting blood siigai determined on 
the morning of the thud postinjection da\ a as ahnoimalb low toi both sub 
jects On the following daj glycosuiia rcappeaied accompanied In a gieat 
increase in the urmarj excretion of uiic acid These findings suggest that the 
following sequence of e\euts occurred (1) exogenous adicnocoiticotiopic hoi 
mone depiessed pioduction of endogenous adrenocoiticotiopic hoimone (2) 
cessation of exogenous adrenocorticotropic hormone admmistntion lesulted in a 
short period of hjpopituitansm with lespect to adrenocoiticotiopic hoimone (in 
these subjects about foitj eight hours) (3) this situation was at once refiected 
as hypoadrenocoi ticism (this interpretation is supported not onl> bj the low 
levels of fasting blood sugar but also bj the tremendous changes in electrohte 
metabolism and in uiniarj steroid excietion which occuired duimg this same 
interval*, and (4) on intense stimulus finally evobed pituitary adrenal actiMtv 
again This rebound in pituitarj actmt\ from a dormant state leleases a 
ofeater amount of coiticoids tliau are needed and pioduees spontaneously the 
Same metabobe changes m somewhat smaller degiee that aie obser\ed on the 
first day of admiiustiation of exogenous adieiiocortnotiopic hoianoue (Table 
Til) It should be noted again tliat the spontaneous icappeaiance of ghcosuna 
IS lelated in time to the increased uiic acid excietion lathei than to clian^es 
m nitrogen metabolism 

SUMMAR\ 

Thiee noimal joiiUp adults weie 120 to lt>0 nio of imnfied pituitai\ 

adrenocorticotiopic hormone intiamuscuIailA daih ui divided doses foi ei^^lit 
to ten consecutive dajs On the first da\ all subjects developed glvcosuiiu 
which contmued thioughout the entire j^eiiod of adieiiocoiticotiopic hormone 
administration The gljcosuria averaged 25 2 3 8 and 2 5 Gm per dav for 
the respective subjects Two of the subjects lost large amounts of bodv pro 
teiu during the peiiod of adienocorticotropic hormone injection despite an 
adequate protein lutale Significant negative nitiogen balance contmued foi 
fi've to SIX days following cessation of adienocorticotiojnc hormone administia 
tion but oljcosuiia ceased within tweuU four hours of the last injection Botii 
of these subjects developed hi peigli cemie plateau glucose toleiance euives dm 
m^ the adrenocorticotropic hormone peiiod Normal carboUjdrate tolerance 



660 


CONN, LOUIS, AND WHEELEE 


returned witliin one to two weeks aftei adienocoiticotiopic hormone was 
stopped 

The third subject exhibited no loss of body piotein Neveitheless, giv 
cosuiia peisisted duiing administiation of adienocoidicotropic lioimone Total 
glycosuria and loss of eaibohydiate toleiance weie less in this subject than m 
the othei two 

Analysis of the data indicates that although gieatei loss of eaibohjdrate 
tolerance occuiied in the two subjects who exlubited niaiked negative iiitrogea 
balance, the glycosuiia was not i elated eithei in time oi in degiee to the lobS 
of body piotein 

The data indicate, fuithermoie that the loss of eaibobydrate toleranw 
produced by adrenocoiticotiopie honnone is the result of a depressed capacit} 
of the tissues to utilize glucose (by oxidation and/oi conveision to fat) 

A close temporal con elation was obseiwed in all three subjects hetircea 
loss of carbohydrate tolerance and inei eased uimaiy excretion of unc aeid 
duimg the periods of administration of adienocoiticotiopic hormone Two sub- 
jects showed a spontaneous return of glycosuria on the fourth daj after adreno 
corticotiopic hormone had been stopped In each case this was associated mth 
a shaip increase of unnary unc acid The tempoiaiy return of gljcosutia 
and heightened uric acid excretion m the postadienocoiticotropic hormone 
period was due to acute elaboration of endogenous adrenocorticotropic hormone 
following a prolonged period of depiessed productivity of endogenous a rena- 
corticotiopic hormone caused by administration of the exogenous hormone 

Observations made on one subject suggest the possibility that aheig ene 
intracellular production of unc acid and its intermediaries produced bj a rem> 
corticotiopic hormone, together with a fall of the levels of glutathione a 
perhaps other sulfhjdiyl-beaimg substances, may dimmish 
duction or release of pancreatic insulin Such a mechanism cou ® . 
the close correlation between unc acid metabolism and carbohydrate me a 
which oui data indicate 

We wish to thank Dr William D Kobinson and Dr Walter D Block of 
Research Unit, University Hospital, for the determinations of urinary uric 
method of Buchanan, Block, and Christman 
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A COMPARATIVE STUDY OP THE SERUM ALBIBIIN aLOBULLN 
RATIO, THE CEPHALIN-CHOLESTEROL FLOCCULATION, 
AND THE THYMOL TURBIDITY TESTS FOR 
LIVER FUNCTION 


Andre C ICibkick, Ph D , and Alfred B Clements, jM D 

Bronx, N Y 

T he del angement in the foiiiiatioii of seiuiii proteins whidi takes place la 
certain diseases of the livei may now he desciibed quantitatively bv detei 
ihining the relative amounts of the pioteiii fiactions that aie sepaiated ek 
tiophoietically in the Tiselius apparatus^ An analysis of noimal Iminaii serum 
havmg a total piotein content ot about 7 5 Gin pei 100 ml slious 60 to Gaper 
cent in the albiiuiin fi action and about 10 pei cent in each of the a, §, audjf 
globulin fiactions In the seium of patienls with livei disease the total proteiu 
content may be noinial, but the piopioitions of the different ti actions are iisuall' 
changed There is often a decrease in the albumin fraction and an inci'easem 
either oi both of the ^ and y globulin fractions Heretofore the albiu® 
globulin ratio ot seiiim has been determined chemically by fiactioiiation will 
high concentrations ot salt to pieeipitate the globulins aceoicluig to lanous 
methods, “ and quite consistent lesults are possible when the piocedures are 
carefully standar dived Hovevei, salt fractionation methods hare fallen^*" 
some disrepute due to the difficulty of obtaining good duplicate rallies iv eii 
all the factors involved are not piopeilj eontiolled Pnitheiinore, rfceut 
studies have deuionstiated that the ralues ot the albumin-globulin ratio obtaia 
by carefully fractionating the pioteins of serum with salt do not leflect theactua 
partition of the electrophoretic patterns® In 1915, Pillemei 
reported a simple chemical metliod for the ti actionation of the albuinia^^^^^ 
globulin of human serum by methyl alcohol in the cold which agrees 
with the lesults of electrophoresis* This method should prove 
laboratories since the Tiselius apparatus is elaborate and expensive an 
the eleetiophoietic method at present does not seem to he adapted to ge 
routine use 

Many tests for liver function have been devised which aie based o 
del angement in the formation of the serum proteins Until ^ (p 

only vaguely^ understood and then value was determined empu 


agreement of the results with clinical findings At present, two oi ^ 
are widely used The cephalin-eliolesteiol flocculation test of Hanger 
the degree of precipitation twenty -four and foity'-eight liouis o ® 
mixture of seiuiii with an antigen emulsion prepared from sheep bran 


and cholesterol The thy'^mol turbidity test,® ivliich was 
five photoelectric estimation by^ Shank and Hoagland,' nieasuies 
produced by adding serum to a buffered thymol solution Mam 
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compaied Xht lesvilts of tlie U\o tebts in luci disease* and it appeals likely tliat 
the} arc not a measure of the same abiioimaht} since in mam instances the le 
suits do not a^ree The mechanism of the cephalm cholesteiol flocculation test 
has now been clarified b} JIooic and eo woikers iMth the aid of electioplioietic 
tiulies® Two factoi’b seem to be imohed in positne leictioii One is m the 
y globulin fmction and the otliei is a i eduction of tlie iniiibition b} albumin 
The y globulin fiaction also appeals to be nnohed ni the colloidal gold leic 
tions^® A positne leaction in the tlninol turbiditi test on the othei hand 
seems to depend ehiefli on the o^obiilm fiattion and the lipids” 

Although the aalues foi the partition of the pioteins b\ electioplioiesis have 
been eompared with the lesults of Inei function tests based on an alteiation 
of serum pioteiii, theie is a paueit} of data to compaie the lalues of albumin 
and globulin deteiniined b\ piecipitation with metlnl alcohol In Mew of 
the simplicity of the lattei metliod it seemed desiiabic to conduct a simultaneous 
stud} on a senes of normal and pathologic seia to eompaie the lesults ot the 
fractionation of the proteins b} salt and bi metlnl ilcohol with the cephalm 
cholesteiol flocculation and tlie tlninol tuibidit\ tests 

EXPERIMENT VL 

Unhemol}sed serum w is obtained fioin postabsorptne leuous blood ot 
hospital patients on the medical and suigical waids and fiom appaienth 
healthy laboiatoi} workeis and muses The patients weie divided into three 
groups Group 1 consisted of ten patients witli known Inei disease Group 2 
represented eighteen cases m winch cliaiiges in the seiiim piotems weie piobablv 
due to nonhcpatie causes such as nephiosis with albummiuia and heinoiihage 
Group 3 consisted of se\enteen patients with miscell ineous medical conditions 
in which no cliaUj,e in the serum piotems might be expected 

In most of the patients of Gioiips 1 and 2 at least two specimens of blood 
ivere anahsed depending on tlie dinatioii of liospitalization and on the clinical 
condition One patient witli acute liepititis was followed tluoughout a period 
of two months m whicli there weie abuoimal fiiidinc-s ^Vlthough main routine 
laboraton determinations weie made the piesent stiuh is concerned pnniarih 
with the two chemical methods of deleiinniiiig the serum albumin and globulin 
and with tlie cephalm cholesteiol flocculition and the tlninol tnibiditi tests for 
b}er function AVheie it is peitiueiit the losults of otliei deteiniinatioii'; arc 

included 

aiETHOD 

The biuret reaction was used to detonmno the total serum proteins and the albumin 
>n the filtrate after precipitating the globulins with either sodium sulfate or methyl alcohol 
The same reagent, corresponding to reagent TP of Kingsley 2 b was used in each cose and 
was prepared by adding 1,200 ml of 1 per cent crystalline copper sulfate to 0 000 ml of 
per cent «>odium hjdroMde The reagent was standardized frequently for total protein 
and for albumin with serum and with alcoholic or sodinm sulfate filtrates of known protem 
nitrogen content determined by macro Kjeldalil for total nitrogen and ne lenzation 
for nonprotem nitrogen 
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Total Protein — Total protein was determined in duplicate by adding 0 15 ml of "{nE 
to 10 ml of biuret reagent in colorimeter tubes After fifteen minutes the solutions urn 
lead in an Evelyn photoelectric colorimeter at 510 ra/i, with a blank tube contammg 10 eL 
of the reagent and 0 15 ml of 0 9 per cent sodium chloride s„t for 100 per cent transmtuia 
Some samples of serum were slightly turbid, but the solutions obtained on addition to lie 
biuret reagent were clear except in one or two instances About 2 ml of ether were ad’oi 
to every sample of turbid serum after mixing with the reagent and the solutions were tit 
read in the colorimeter under the layer of ether In every case the results were the 'ame a‘ 
those obtained in duplicate samples of the same serum without the use of ether The pro 
tein content was calculated from a standard curve, wliich remamed unchanged on repeatr' 
standardizations for several months This curve was prepared from determinations of pooW 
serum of known protein nitrogen content which was diluted serially one to ten times mil 
0 9 per cent sodium chloride The values of optical density, 2 - log of the transmija 
Mere then plotted against concentration in per cent total protein All the points fell on i 
straight Ime, but there uas a slight deviation in the lower part of the curve, correspondus 
to a dilution of eight to ten times 

Albumm by Salt Precipitation — The method of Kingsley-'’ was used m somewhat moi 
fled form The globulin was precipitated by adding 0 5 ml of serum to 9 5 ml of "'’Ipt' 
cent sodium sulfate contained m 15 ml centrifuge tubes About 2 ml of ether were adkl 
and the tubes were stoppered and shaken vigorously several times Within five mmufes afla 
mixmg, the tubes were covered with rubber caps and centrifuged A pipette was then m 
serted under the ether layer and the interphase precipitate, and 3 ml of the clear aqieci 
solutions were transferred to Evelyn tubes containing 10 ml of biuret reagent A hlanh Ink 
was prepared with 3 mil of a mixture of 9 5 ml of sodium sulfate solution and OonJ-o 
water added to 10 ml of the biuret reagent The results were estimated from the readins 
of the colorimeter at 510 mp. on a standard curve prepared m the same way as for total pw 
tern, except that varying dilutions of a globulm filtrate of known protein content were ^ 
instead of whole serum All the determinations were made in dupheate by preoipda 
separate samples of the same sera Usually the results of the dupheate determaa o 
agreed well within 0 1 Gm per 100 ml of serum, and the results were discarded if t e a. 


ment was less than 0 2 

Albvmini by Precipitation With Methyl Alcohol — The method of precipitation wa^^^ 
of Pdlemer and Hutchinson i The serum and reagents were placed in a bath of ice ^ 
where they were mixed, and the precipitated globulin was filtered m the refnge 
biimin was determined by adding 1 ml of the cold filtrate to 10 ml of the 
and reading the resultant color m the Evelyn colorimeter at OlO milhmicrons The rCTi^ 
calculated from a standard curve prepared from the values of ten diluted sampk^ 
holic globulm filtrate of known protem nitrogen, determined by macro K 3 elda 
corrected for nonprotein nitrogen The accuracy of the method was checked wi ' 
thirty determinations precipitated m duplicate wliich, for the most part, igr® ^ 

Gm of albumin per 100 ml of serum All the other determinations were ma 6 o® 


samples of the globulin filtrates 

Thymol Turbidity Test — The method of Shank and Hoaglandr was used ujjtiN 
unmodified form The reagent was prepared and standardized with mixtures 

liQ-rinTn pTllnrifla and O OnOAT nmd iioi-nrp o-n E-irolTm nnlnrimetCr With ^ 


barium chloride and 0 200N sulfuric acid, using an Evelyn colorimeter 
the tests, 0 15 ml of serum was added to 10 ml of the reagent, and the rei ^ t 

pared against a blank tube contammg only the reagent, which was set o 
transmission. anuS'"' 

Cephalvn Cholesterol Flocculation Test — The test was made with commert^ ^ 
according to the method of Hangers by adding 1 ml of the antigen etaulsio 
of 0 2 mL of serum and 4 mb of 0 85 per cent sodium chloride m 15 nil 5 ^ 

After mixing, the tubes were stoppered and placed in a dark closet at room 
the amount of flocculation m the tubes was estimated, without centnfuga i ’ 

four and forty eight houis Since it was difficult to estimate differences 


•Obtained from DIfeo Laboratories Detroit Mich 
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precipitate by measurement in graduated tubes the supernatant fluid above the sedimented 
precipitates was compared with standards which were prepared at the time of the readings, 
Tlie standards consisted of serial dilutions of a mixture of 2 ml of the antigen emulsion and 
8 4 ml of 0 8o per cent sodium cldonde corresponding to the dilution of the antigen with 
serum The following criteria were used to evaluate tho results 1 plus is intermediate 
between the undiluted standard and a dilution of twofold, 2 plus is twofold 3 plus is four 
to eightfold, 4 plus 13 water clear 

RESULTS AND DISCUSSION 

It IS seen m Table I that the albumin globulin latio in eleven normal 
healthj individuals varied betneeii 1 46 lud 1 92 bj the method of piecipitation 
with methyl alcohol These values compare favoiablj with those obtained in 
nonnal subjects by the eleetiopboietie method* The albumin globulin ratios 
determined by fractionation with salt aie higher in almost every case but this 
IS consistent with recent findings' that the a globulin fraction remains m solu 
tion in about 21 pei cent sodium sulfate As was to be expected in normal 
mdividuals, the thymol turbiditv and the cephalin cholesterol flocculation tests 
yielded normal values 


Table I Coupabative Values in Nobual Subjects 


SEA 

AQB 

(YB) 

TOTAL 
PROTEINS 
(OM PER 
100 ML ) 

ALBUiim/OLOBULIN i 
RATIO 

THTMOL 

TIRBIDITY 

1 (LMTS) 

CEPHALIN CHOLESTEROL 
FLOCCULATION 

S\LT 

1 VLCOUOL 

24 HR 

1 48 HR 

F 

21 

7 0 

17b 


t) 

1 + 

2 + 

F 

30 

7 24 

2 42 

107 

0 .f* 

- + 

- + 

F 

25 

0 94 

f> 04 

192 

0 

+ 

1 + 

P 

.1 

It o4 

2 06 

1 77 

b 

2 + 

2 + 

P 

25 

7 56 

2 24 

150 

0 

+ 

1 + 

F 

30 

7,38 

2 82 

150 

0 

1 + 

2 + 

F 

30 

7 49 

184 

164 

0 

” + 

2 + 

F 

25 

8 15 

1 80 

159 

09 

— 

2 + 

F 

21 

7 44 

215 

151 

1 5 

— 

2 + 

M 

35 

6 74 

2 04 

168 

0 

1 4- 

1 + 

il 

35 

8 05 

2 02 

140 

1 4 

+ 

1 + 


In Table II it is seen that the values of the albumm globulin ratio detei 
mined bj fiaetionation with methvl alcohol follow the clinical course m liver 
disease veiy well and the values of the ratio determined by salt fractionation 
appeal only slightly less consistent In the eases of pareiicbv luatous hv er dis 
ease which are piesented the values of tlivmol turbidity also seem to aliord i 
reliable guide but the cephalin cholesteiol flocoulition test in our experience 
served only to indicate the period in which the disease was at its height 

In Patient H S there was a slight clinical improvement eaily in the dis 
ease, although both the albumin globulin latio aud the thy mol turbidity test 
remained essentially constant About five weelts after admission during a re 
lapse in the clmical condition of this patient the cephalin cholesterol flocculation 
test became positive Thereafter with the onset of steady clmical improvement 
the values of both the protein ratio and the thymol turbidity test gradually re 
turned to normal At biopsy on June 12 the hvei showed evidence of almost 
complete healing Prom the values of the albumin globulin ratio it would seem 
that the hepatic function had returned to normal 
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Table II CosiPiUiATivE Valdes in Cases of Livep Dislvse 


FA 

TOTAL 

PRO 

TEIN 

(PER 

\LBUMIL 

GLOBULI\ 

RVTIO 

THYSrOL 

TOR 

BIDITY 

CEIH CHOL 

JLOCCUI ATION 

REM U Kb 

^IE^T DATE 

CENT) 

S^VLT j 

\.I rOHOL 

(UNITS) 

24 HK 1 

48 HR 1 




a Acute hepatitis 



H S 4/29 

6 91 

0 93 

0 80 

76 

+ 

1 


5/16 

6 58 

0 61 

0 80 

12 9 

2 

2 


5/19 

6 63 

53 

0 82 

87 

2 

2 

Clmical improTOtt 

6/3 

8 02 

86 

93 

17 7 

4 

4 

Cholesterol esters pi" 

6/6 

8 58 

85 

— 

20 6 

3 

4 

Relapse 

6/18 

7 15 

1 27 

1 14 

10 7 

2 . 

2 


6/19 

713 

126 

1 17 

9 6 

2 

2 

Clinical improveEfflt 

6/30 

7 30 

154 

148 

47 

2 

2 

Cholesterol esters lU'o 

7/10 

7 05 

1 74 

140 

0 0 

1 

1 



7/lS Biopsy subsiding hepatitis 


M L 

6/16 

6 60 

113 

0 60 

17 8 

o 

U 

3 


6/25 

6 98 

0 96 

0 80 

14 5 

- 

3 


7/8 

6 88 

1 01 

0 95 

11 1 

2 

2 





6/11 Biopsy 

diffuse hepatitis 


B R 

7/2 

7 68 

1 22 

0 67 

14 2 

- 

2 


7/21 

7 72 

1 08 

1 06 

70 

o 

2 


9/25 

7 60 

— 

138 

77 

1 

1 





6 Cirrhosis 

With 

liver failute 


B 0 

6/12 

6 98 

0 29 

0 91 

10 4 

3 

3 


6/17 

7 03 

0 26 

0 94 

12 6 

3 

4 


6/30 

710 

0 32 

116 

84 

4 

4 


7/28 

7 53 

— 

124 

131 

3 

3 





c Common duct obstruction 


B D 

5/15 

8 10 

0 90 

102 

19 

2 

2 

P P 

6/3 

7 25 

108 

132 

18 

0 

0 

S S 

5/27 

812 

1 15 

126 

10 

0 

+ 

P K 

6/4 

6 52 

148 

0 55 

0 

0 

+ 


Complete cliiucal 
recovery 

Clinical impro«">"' 


d Metastatic caicinoma of the liver 
0 97 0 71 0 3 0 0 

0 98 0 80 2 0 ± 1 


In Patient SI L a biopsy on June 11 stowed extensive livei dainaoC^^ 
was in agieement with the low latio of the pioteins and the high 
mol tuihidity In the ease of Patient B E, who showed a typical 
tui e of acute hepatitis the values of the i atio and the thj mol tmbichty 
consistent Patient B C had a ti’^pieal case of ciiihosis of tlie hvei 
admitted to the hospital giavely ill, hut steadily impioved undei 1^^^ ™ ^^.j] t,, 
was finally dischaiged Sevexal weeks latei the patient was ^5 of ihc 

letuin fox the last examination In Table II xt is seen that the 
albxxmin-globulxn xatio wexe cpixte consistent with the stead) 
clinically, although the thymol tuxbxdity and cephalm-cholesteio 

tests 1 emaiued elevated and essentially constant tj,t 

nf til® 

In obstxmction of the common duet and in diffuse caxcmonia 
values of the albxmxxn-globulin latio detennined with methyl a^co 
sistently depxessed This depiessxon was especially of value m 
tient I T (Table II), whose livex was xiddled by metastatic 
origin and who died A'exv shoxtlv aftex laparotomy fxom 
failure Yet in his ease as well as in the other case of extensne ca 



LOAII \KATI\> bTim\ OK LIVEK 1 UNCTION T^^TS 


667 


m the tdbes ot lelatneh long st uuhuc* obstiiictnt jaiuulice the thjmol tui 
biditj and cephalm cholebteiol dotculation testb f,a\< noimil ^‘^Iues and afforded 
no index to tlie inaiked hepatic damage pieseut 

In Table III are piesented the lesults of all the nonhepatic cases studied 
m whieh a derangement of the serum pioteiiis iniglit be expected The patients 
of this group had conditions entailing a loss of pioteiu eithei in the urine oi 
as a lesult of hemorihage Edemi was common It is seen that the albumm 
globulin ratio deteimincd l)^ metinl ilcohol pieeipitation wis appioximateh 


1 \BLF III Co\if\rati\e: \ \Lu>s IN Casjs Showing v Derangement ot Serim Protfins 
Doe to Nomiepatic Causes 


PATIENT I 

1 

date I 

TOTAL 
PROTEIN 
(%) 1 

1 ALltU'IIV/QLOBUIJN j 
1 RATIO 1 

TIIAMOL 1 
TURBIDITi 
(UNITS) r 

CEPIIALIN CHOLES 
TEROL FLOCCULATION 

SALT 

1 ALCOHOL 1 

24 UR- 

1 48 HR 

J c 

6/iq 

3 94 

1 10 

1 03 

n 

1 

1 


7/s 

5 71 

114 

0 oo 

2 1 

1 

1 



Bleeding duoilMinl uleei 



E B 

5/1 

i) 19 

1 22 

ObS 

1 1 

+ 

+ 



C«rcj«o»ia of stomach with pertpheinl edma 




3/20 

7 0u 

0 68 

0 97 

0 

0 

0 



Toxemia of pTcgnancy with edema 




0/2 

J 4u 

148 

0 81 

15 

0 

+ 



Bypertensne heart disease xcith edema 



J 11 

4/lS 

5 49 

-04 

0 49 

05 

0 

0 


0/12 

0 44 

10b 

0 82 

0 

0 

0 


tJ/o 

J 97 

0 97 

0 71 

— 

. 





Seterc burns 




1 C 

5/14 

7 04 

102 

0 95 

3 7 

2 

3 



Profuse taginal bleeding 




5/21 

6 41 

083 

10^ 

2 4 

2 

2 


5/22 

OOo 

0 83 

1 12 

4 1 

1 

1 



Carcinoma 

of prostate uith marked anorexia 



J A 

5/22 

5 32 

1 26 

J 14 

0 

t 

+ 


0/26 

0 00 

1 32 

1 OG 

0 

* 

+ 



Bleeding gastnc ulcer gastrectomy 




5/20 

1 05 

0 72 

0 b7 

0 

0 

0 




JilulUple myeloma 




<1 U 

vr 

) 02 

1 85 

0 59 

2 7 

0 

0 



Acute gangrenous appendicitis 




6/9 

603 

154 

0 64 

20 

0 

0 


(>/12 

J 6 

1 41 

USl 

04 

0 

0 



Tracture of neck of femur peripherail edema 




VS 

S 9o 

0 65 

144 

10 0 

3 

*> 




Boeck s sarcoidosis 




K I 

■i/-i 

7 70 

1 47 

1 bO 

14 4 

± 

1 




Chrome lymphadenitis 





4/24 

0 90 

1 67 

0 94 

0 1 

0 

n 




Chrome pyoneplmtis 





V-l 

0 24 

1 28 

0 7b 

2 il 

0 

0 


VT 

0 81 

1 51 

1 o7 

> 9 

0 

0 



i< 

ute nephritis with edema 




4/.S 

4 20 

1 19 

0 60 

2 7 

0 

0 


o/o 

4 1_ 

0 01 

0 20 

3 3 

0 

(1 


5/1^ 

4 07 

0 66 

019 

1 9 

+ 

+ 


V27 

4 32 

0 46 

014 

79 

0 

0 



Nephrosis with seierc albuminuria 

edema 



L S 

4/30 

o 81 

1 24 

0 90 

17 

+ 

+ 



Icute glomerular nepliTitts 




V2G 

7 23 

1 63 

1 14 

1 9 


+ 


JJephrosis 
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uoimal in only two of the seventeen patients The clinical diagnoses m these 
cases weie Boeck’s saieoidosis and chronic lymphadenitis It is notevorthi 
that the thymol turbidity test was elevated m both Anothei patient, Patient B 
L who was diagnosed as having multiple mj^loma, had a markedly depressed 
ratio, hut both the thymol tuibidity and the cephalm-eholesteiol flocculation 
tests weie normal The inei eased ^ globulin fraction which other workers W 
in this disease^^ did not yield elevated values in the thymol turbidity test 


Table IV Coitpabative Values in Miscellaneous Hospital Cases not UsnuiT 
Associated With Changes in Serum Proteins 


TOTAL 

protein 


albumin/globulin 

RATIO 


THYMOL 

TURBIDITYI 


CEPH CHOL 
FLOCCULATION 


PATIENT 1 

1 (%) 1 

1 SALT 

1 ALCOHOL 1 

1 (UNITS) 1 

24 HR 

1 

0 92 

1 58 

2 20 

72 

+ 

2 

7 42 

190 

154 

114 

+ 

3 

6 31 

ISO 

158 

14 

+ 

4 

6 61 

1 33 

183 

18 

0 

5 

6 75 

143 

0 85 

45 

0 

6 

7 26 

146 

2 26 

28 

+ 

7 

8 55 

0 92 

146 

10 9 

+ 

8 

7 02 

124 

1 16 

62 

1 

9 

618 

1 02 

171 

07 

2 

10 

7 50 

140 

196 

51 

3 

11 

7 05 

154 

192 

06 

+ 

12 

6 51 

1 58 

1 53 

01 

+ 

13 

0 85 

1 78 

148 

13 

0 

14 

710 

1 00 

1 78 

0 

± 

15 

5 84 

1 82 

1 24 

07 

1 

16 

8 28 

1 01 

1 39 

40 

2 

17 

0 57 

1 71 

146 

08 

1 


4S HR 


+ 

1 

+ 

+ 

2 

3 

3 

+ 

+ 

0 

+ 

1 

3 


DIAGAOSIS 


Chrome neplmts 
Colostomy 
Chrome cholen't 
itis 

Nutritional ancm 
Prostatie hyper 
trophy 

Cliromc neptmW 
Essential hyper 
tension 

Chrome rheuma 
toid arthritis 
Chrome choleej*' 
itis 

Duodenitis 
Essential hypef 
tension 
paeuffionin 
Cerebral accideDt 
Cardne disease 
Pernicious anefflu 
TurberenlOttS 

lymphadenitis 

Chronic lyaP'^"' 


In Table IV are seen the results m an unselected gioup 
hospital patients m whom there was no suspicion of livei disease or 
pathology that might cause a deiangement in the serum proteins 
of the seventeen patients showed a marked depression of the a u ° jjj 
ratio Of the seventeen patients, foui showed an elevated thymol tur 
three a positive cephalm-cholesteiol flocculation ipitati® 

deal that the albumin-globidin ratios 


It seems 


with methyl alcohol moie aecniatety reflect the seventy of the 
patients with livei disease than any other individual test and n 

cau-'*^ 
obtaia^'^ 


It LA-lUAX CA-l-l.^ XXXVXX » — - TTT 

an index of the extent to which the livei is involved In Tables 
is seen that the ahuoi mail ties in the seium protems due to non P , 


can 


— be coi related quite well with the clinical picture, hut the J precip' 
by salt fiactionation appeal to be less consistent than those 
tatiou with methyl alcohol In our experience the lesults of tho ^ ^ provd^ 
even moie leliahle than the values of the thymol turbidity 


are 
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we rule out clinically, as far as possible, nonbepatic causes for a derangement 
in the serum proteins Paiticular emphasis is placed on the fact that Table IV 
contains the results in all the cases studied where a deiangement was not ex 
pected clinically 

Whereas Shank and Hoagland found the values of the tlijinol turbidity 
test in forty six normal subjects to laiige between 0 and 4 7 units our range for 
a smaller senes of normal healthv individuals is 0 to 1 5 units One value of 
9 5 units was discarded, since it was found in a man who was known to use 
alcohol to excess and m whom the albumin globulin ratio bv methyl alcohol 
precipitation was 0 92 The cephahu cholesterol flocculation test m this nidi 
vidual was 2 plus The lattei test lu oui senes of eleven noimal subjects 
showed seven with a v alue of 2 plus and four with a value of 1 plus A reading 
of 3 plus or 4 plus is generalh cousidcied abnormal for tlie Hanger test Since 
control tubes without added serum weie always 1 plus or less this high propor 
tion of apparentlj health} individuals with values of 2 plus is disturbing We 
have no explanation for the discrepanev between our results and those of other 
workers who almost invariably obtained negative values with commercial anti 
?en in normal subjects ® However, m spite of this discrepancy our results with 
the cephahn cholesterol flocculation test seem quite consistent and apparenth 
indicate the height of the disease m parenchimatous liver involvement We 
stress the fact that our procedure entails an objective comparison of the un 
known sera with standard tubes prepared from the antigen and saline solutions 
Of interest in connection with the seium proteins m hver dysfunction is 
the high value of the thymol turbiditv test found in Patient B S (Table III) 
T few days before death The total proteins in this patient had remained con 
stant at about 4 Gm per 100 ml for a month, and there was a constant ehmina 
tion in the unne of about 15 Gm of protein per daj Transfusion was not 
resorted to, but the patient was kept on a high protem diet which was apparently 
sufficient to replace the albumin that was excreted Death finally came as a 
result of an abdominal infection, which may have involved the liver Permission 
for an autopsy was not obtained Although the absolute amounts of albumin 
sud globulin weie essentially constant m thiee different determinations over a 
period of three weeks, the thymol turbiditv test was positive onlv in the last 
determination with a value of 7 9 units 

In conclusion the present study demonstrates the importance of the albu 
globulin ratio in the study of liver disease Neither the thymol turbiditv 
Dor the cephahn cholesterol flocculation tests indicated an involvement of the 
hver in the eases of obstruction of the common duct and of carcinoma of the 
liver which were studied but all showed a marked depression of the ratio 
There is good reason to believe that the values of the proteins obtained bv precip 
fiation with methyl alcohol are a true estimate of the paitition that is shown 
by electrophoresis Although it is obviouslj not possible iii every case to be 
certain that nouliepatic causes for a derangement ot the serum proteins are not 
present our results appear encouraging We feel that once hepatic involve 
luelt IS recognized, the albumin globubn ratio becomes a valuable means of 
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evaluating the degi ee of the involvement It is also of aid m gaugm? tit 
clinical piogiession oi legiession of the cases undei study, and this caabeoi 
pi ognostic significance 

SUMMARY 

The lesults of a simultaneous study of the albunim globulm ratio, ti? 
thymol tuibidity test, and the cephalin-cholesteiol flocculation test m eleien 
noimal subjects and in three gioups of hospital patients are presented Tie 
albumin-globulin latio, as determined by fiactionation with methyl alcoliol, to 
found to be consistently depressed and to agree with the general clinical pie 
tuie in ten cases of livei disease The thvmol turbidity test also ivas found tu 
give consistent results in foui eases of parenchymatous hvei disease, but 
offered no index to the dysfunction in two eases of Iner caicinoma and mfour 
cases of lelatnely long-standing obstiuctive jaundice The cephalni cholesterol 
flocculation test seemed onlv to indicate the height of the disease in the four 
eases of pai enclijunatous liver disease which were studied 

That nonhepatic causes for a decrease in the albumin globulin latio ua 
be excluded with a fan degree of certainty is shown by the low incidence of 
a depi essed ratio found in a gi oup of miscellaneous hospital cases which diJ 
not include patients in whom a low ratio might be expected fioin causes ea 
tailing a loss of serum protein It is concluded that the albumm globulin ratio 
may be utilized with profit in the study of liver disease, snice it seems to offer 
information Awliieh is as good as either the thvmol tiubiditr oi the cephalm 
cholesterol flocculation tests 

The authors are grateful to Dr Joseph Felsen, Director of Resenich and L'lborat'" 
for advice and encouragement 
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A DILUTION TURBIDITY TEST IN THE SERUM IN COMPAKISO\ 
WITH THE THYilOL TURBIDITY AND CEPHALIN CHOLESTEROL 

FLOCCULATION TESTS 


Fritz Dreyfuss, MD 
New York, NY 

S INCE the detection ot hypeiglobulmeinia is ot impoitance, a large \cincti 
of methods has been employed to diseovei an inciease, eitliei absolute or 
lelative, m plasma globulins Wheieas previous woik has tiied to link lie 
lesults of the tests for hypeiglobulinemia with the amount and distribution 
of piotein deteimmed by chemical methods (salting-out techniqiies'), more re 
cent studies have attempted to eoi relate some of these i\ ell established clinical 
tests with definite seium piotein electiophoiesis It soon became evident that 
lather complicated mechanisms aie involved and not simply an increase of a 
single, well-defined fraction of the serum piotein An inquirj' into the nature 
of Hangei ’s eephalin-cholesterol floeeulation tesU ( C C F ) , foi example m m 
fectious hepatitis, has led to the conclusion that the gamma globulm conteut 
of the seium has to be inei eased and that its albumin content as well as c 
protective action of this albumin has to be decreased in oidei to gne a positive 
result in this test ^ The substance lespousible for the tuibiditv ni llaclagans 
thymol tuibidity test^' ® (T T T ) was originally assumed by Maclagaii 
to be composed of gamma globulin, phospholipids, cholesterol, and ti)B»> 
wheieas Cohen and Thompson® leported that the thymol leagent 
with the beta globulm fi action of the serum In addition, Kecaut, C 
and Hangei’’ have demonstrated that the mecbanlsras of the two tests arc ^ 
feient They found that the gamma globulin fraction is not 
positive thymol test but is essential for a positive cephalin cholestera o<| 
tion and that the presence of lipids is essential in the thymol turbiditj 
has no influence in the cephalm-cholesterol flocculation test 


anl 


workers, the albiimm fraction, on the other hand, is of importance foi 
alin-eholesterol flocculation but not foi the thymol tuibidity test * * bj. 
Thompson, it is true, have also stated that there is not only no corre a^i^^ 
tween a gamma globulin increase and the thymol tuibichty test um^, 
that the same holds true for the beta globuhn m then expeiiments 
fore considei a change in the natuie or amount of lipids bound to 6 
ulm fraction as a possible agent Kunliel and Hoagland® m a very e a^^^^ ^ 
munieation have recently presented evidence that the tuibidity 
thymol tuibidity test depends on protein as well as on lipids jy^bidih 

varjmg lipid content of sera, however, determines different degrees 
only in the presence of serum globulm likely to produce the 
trophoretic analjsis of the thymol precipitate after lipid lemova 
the protem to be a gamma globulm, study of the sera after separa i 
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thymol piecipitate, in continst showed a definite deeiease m beta globulin 
The addition of laige amounts of albumin in vitio pioied to have a slight in 
hibitorj effect on the thjmol piecipitation The authois conclude that the 
thjmol turbiditj in infectious hepatitis depends on tlie piesenee of lipids and 
of abnormal lipid protein complexes nugratmg in the beta globulin fraction of 
the serum The gamma globulin fraction of seium also plajs an impoitant 
role m the reaction ” 

Kalaazai has long been the jaidstick bj which the efficacy of methods for 
detecting hypeiglobulinemia was measiiied Out of the necessity for a simple 
screening test foi tins disease a blood oi serum dilution test was devised b\ 
Brahmacliari® who used a 1 2 to 3 dilution with distilled water Kay" in 
1921 and Sia" in 192-1 suggested a 1 200 or 1 30 dilution lespectiiely usmg 
ivliole blood It is of interest to ineiition that Naiimann” showed that watei 
saturated with alveolar air (40 mm Hg CO 2 ) pieeipitates certam globulins fiom 
the serum 

Our mteiest in this subject was aioiiscd b\ the leceiit determination of this 
ddution fiaction and of cold iiiecipitablc globulins b\ IVertheimei and Stem m 
kalaazai-'* and by Weitheiniei'“ in other hjpeiglobiilmemic states In the 
coume of an investigation mto this cold fraction it seemed worth while to re 
evaluate the proccdiiie of seium water dilution Beeaiiso of the imcertamty 
concerning the nature of the raateiial pieeipitated and because of the findings 
that became evident during this work, we prefer to call the test as performed 
hero a dilution tuibiditj test (DTT) Since it was intended to find out 
whethei this leaetion is indicative of some distinct hyperglobulinomie pattern 
the thymol turbidity and the cephalm cholesterol flocculation tests were earned 
out at the same time They may serve as possible range finders for the cluoida 
tion of this hypothetic pattein (loughly beta or gamma globulin lipid depend 
ance, and so forth) 


JIATERLIL VND METHODS 

Sera of patients from various departments of tlus Iioipital were examined 
The dilution test ^as performed m the follouing waj 04 cc of fresh serum uere 
diluted mto 6 0 cc of doubly distilled water (1 15 dilution) and gentlj mixed The result 
mg tufbidity >733 observed after a few minutes and its intensity was measured in a Fisher 
photometer (filter 660 as used for the thymol turbidity determination) after tlurty minutes 
The readings so obtained were then concerted into units usmg tho barium sulfate standards 
of Shank and Hoaglandi just "is for tho determination of units in the thymol turbidity test 
It soon became evident, first that an> value exceeding 2o units represented an increase in 
this fraction and consequently an abnormal result aul peeond that a twenty four hour 
flocculation could frequently be observed This flocculation appeared in many of the sera 
which showed on abnormal increase in turbiditv 

The eye quickly becomes used to gauging low normal and high values even without 
tlie use of a photometer 

Tho serum so diluted loses its color entirely except m the presence of a fair increase 
in bihrubin, in contrast to tho thymol turbidity and ccphnlm-cholesterol flocculation tests 

Tho thymol turbidity test w«*4 carried out according to Afaclagan s original technique 
with Shank and Uoagland s modification and usmg the suggiation of Maclagan* and of Neofo 
and Remholdu that tho flocculation which takes place after twenty four hours m certain ‘iera 
be noted Values over 4 thymol turbidity units as well os flocculationa of 1 plus to 4 plus 
were considered abnormaL 



674 


DREYFUSS 


The cephalin cholesteiol floceul ition tett was peifouued aecoidiug to llauger'b ungiul 
method 2 The tebt tubes foi all thiee tests uere kept an a darkened room as sugge ted h 
Neefe and Eemholdis for the cephalin cholesteiol flocculation test X plus minus rea/lmg 
was consideied negative 

Since this hospital cares mostly loi the chiomcally sick, the material examined leflecti 
this fact in the relatively low numbei of certain acute conditions commonly esamineJ m a 
study of this soit This circumstance, on the other hand, provided us watli a chance ts 
become well acquainted wath the so called false positixes encountered in perforaung the-e 
tests 

EXPERIMENT VL RESULTS 


Eaily in the couise of this investigation it hecame evident that the dilu 
tion tiuhidity paialleled the thymol tuibidity lathei closely However, a nr 
tain numbei of disci epancies oecuiied These disci epancies could be dmiled 
into two principal gioups fiist, those apparently due to a leal diftereuce lu 
the two fractions of the seium lesponsible foi the two respective leactious, and 
second, others ivhieh pioved to be dependent on a time factor in the earrnne 
out of the dilution, both will be discussed later 

It seemed, theiefoic, of interest to peiioim several evpeiimeiits designed 
to elucidate the lelationship between the dilution tiiibidity and the th\mol 
turbidity oi the cephalin cholesterol flocculation and then respective hioelieni 
ical backgioiinds Bj and large, procedures earned out by Recant and co- 
woikeis^ were applied nitli eeitain modifications 

The thymol tuibidity test and the dilution tuibulity test .ue both per 
foimed using distilled water as a diluent, uheieas the cephalin cholesteiol doc 
dilation IS done in noimal saline solution Both the foimei tests aie leada ter 
thirty imiuites A senes oi successive dilutions ot noimal saline solution demon 
atrated (Table I) that the dilution tuibidity^ increases with decreasing salt con 
centiation, pointing to its englobiilin natiiie 


Table I 


B & 
I B 
D E 


Influesce Oi &ODIU1I Chloride Concentilition on tue Dilu hos 


SER X I 0 4 ML SERUM IN G ML H 0 | 0 23% NaOl 


0 45% Nad 


5 

6 

25 


1 

15 


Aecoiding to McFailane’s technique^'’ (lepeated lipid extiactioii 
and sepaiation of extiact by tieezmg), extiacts ot seveial seia 
The thymol tnibiditx, dilution tuibidity, and cephalin cholestnol occii 
of these sera were determined immediately befoie and after the 
Table II shows, this piocediiie ivas tollowcd by a consideiable deciease w 
tuibidity' and dilution tuibidity and, in contrast to the findings oi 
co-y\oikei’s," also by a slight but noticeable decicasc ni cephalin o 
flocculation of about 1 pins This deciease in cephalin cholesteiol 
may' be due to an alteration of the protein stiiictuie caused hi 
freezings, rather than to the extraction of lipid material 

The dried substance extracted by the freezing process m a ^erv 

not dissolve in KOH, and it gav'e a negative bniiet leactiou ni fi'e 
mildly' positive reaction in two of the extiacts The positive leac 



DILUTION TUKHID1T\ TEST IN SEKUM 


07^) 


1\BH, II KtsuLTS Oi Dilution TuimxDrrY rmiioL Turbidity vnd CEiiuais CuoLLbitKOL 
Floccdlvtion Tests on Seven SEia Before vnd Vfter Lipid EsTrvcrioN by Freezing 
With Ethei (Technique of McFvrlaneio) 




DVTE 

DT T 

T T T 

C CF 

SER.V 1 

DUUNOSIS 

(1947) 

BEFORE j AITEP | 

BEFORE 1 AITEE I 

BEFORE| VFTEP 

G D 

Cirrhosis of Uver 

9/2 

7 1 

3+ 

11 2 4+ 3+ 

0+ 

T Z 

Infectious hipititis 

9 _ 

o 1 

+ 

12 2 3 plus 3plu3 

3+ 

E S 

Arteriosclerotic heart ihs 
ease, congestive failure 

9/9 

J Oj 

3 J 1 J Neg \eg 

M B 

Riieumntio heart disease, 
congestive failure 

0/9 

2 J 1 

2 Id! 

Neg Neg 

J W 

Pneumoconiosis 

9/0 

0/9 

25 1 

75 1.. : 

Neg Neg 

\ P 

Cirrliosis and carcmoiim of 
hver 

2 05 

0 Id, 

+ 

- plus 1 plus 

M L 

Ciriliosis of liver 

0/9 

12 o u 

4+ 3l- 

20 J 

4+ 24. 

4 plus 3 plus 


Slight flocculation moderate flocculation 3+ hcavj floccul ition 4+ complete 

flocculation 


have been due to a sli^lit coiit tinin ition ot liu with stiuin Ihc e\ 

tracted subbtauuu is appiuuuth v lipKl ii Ktiou ot the suium It was iiiteicstiu^ 
to note that the c\ti tuts of sui i Iitmii^ livli thvmol tiubiditv and dilution tui 
biditj -values inioi to CNtiactioii tieldcd i visibK pieilei amount of substance 


Table in Results of Dilution Turbidity, Tuy mol 1 ui uiditv vnd Cepu vlin Ciiolestepol 
FMCCUL.VTION Tests BFrorr vnd tiTEp Vdditios of SerumIipid Estb.vcts Obtvinzd 
tROM OtIIFI SERV 


SERA 

■1 

Hi 


PLUS 

EATP ver 1 
OP SERV 1 

D T T 

1 T T T j 

■ CCF 

D R 


25 


T Z 

13 

12 

- 

E s 

25 

35 

Neg 

M I 

9 9 

+ + 

Nog 

N P 

2 

so 

2 ])lus 

At B 

10 D 11 

+ + 

Neg 


Not examined 


lable III shows the effect of iddiiio these evtiatts on a (luaiititatneh cone 
spondnie, basis to otliei seia and tlu subsequent beli ivioi in tests To an amount 
of 10 cc of stium the u\tiact obtained fiom 10 cc of inothei siium was 
idded and the seium so eniichcd was ustd foi the detoimin itions The extiacts 


Tvbij: Results oi Dilution Tuijjidity Thymol Tukbidiiy vnd Cepiialin Cholestepol 

Floccul-vtion Tests lvurifd Out on Sepum Lipid Entpvcts 


PXTRACTS OP SFRU5I | 

DTT 1 

1 T T T 

1 CC,F 

T Z 

10 5 

7 

- 

M B 

6 

D D 

Neg 

AT L 

b ) 

+ 

65 

Neg 


Not examined 


thenusvlvLs {^a\L positive tliMiiol tmbiditv and dilution tuiluditv tests but iicoa 
*ivu ‘-cphalin cholasteiol llocculatioii tests (Tible IV) 

Slmlllul^ the following two amUsus buai out the confoiuutv of huluvioi 
of dilution turbiditv and thvmol tiubidit^ lu contnst to ccplnhn cholesteiol 

flocculation 





676 


DREYFUSS 


The dilution tnibidities in the blood seia of thiee healthy labbits were 
10, 10, 10, and the thymol tuibidities weie 10, 10, and 0 5, respectnelv, 
the cephalm-eholesteiol flocculations weie 4 plus, the two lattei being in agree- 
ment with the findings of Recant, Chaigaff and Hangei ' 

Human immune seium globulin'* was tested Table V demonstrates the 
lesults, provnig that this product contains a large amount of eephalm cholesterol 
flocculation producing substance (gamma globulin) and apparently lerj' little 
of the materials responsible for the two other tests 


Table V Results of Dilution Turbidity, Thymol Turbidity, and Cephalin Cholesiiicl 
Flocculation Tests on Human Immune Serum Globulin (Squibb) 


AMOUNT OP material 

used 

(ML) 

D T T 

T T T 

CCF 

04 

1 



02 

05 

1 

4 pins* 

01 

05 


4 plus* 

0 05 



4 plus* 

0 025 



4 plus! 

0 01 



\ 4 plus! 

0 005 



4 plus! 

0 0025 



4 plus! 


♦Flocculation starting after five minutes 
tFlocoulatlon starting after about thirty minutes 


We feel justified in concluding fiom the foregoing e\peiinieutal and lo- 
logic findings that the serum fi action lesponsible foi a positive dilution tui 1 1' 
test IS closely i elated to the one responsible for a positive thymol turbidity 
At the beginning of oui work, a fan proportion of discrepancies between 
dilution turbidity and thymol tuibidity (the dilution turbidity vas too oi 
compared with the thymol turbidity) was found to be due to a delay ui PW 
foiimng the tests The later a dilution tuibidity test was cairied out, t e oye^ 
its value was likely to be, there was, however, some tuibidity even a 
to SIX hours Moreover the increased dilution tuibidity of pathologie 
showed a definite tendency to persist longer . ^ 

Since there was reason to suspect that loss of CO, might jo 

inconstancy of findings, a senes of experiments was performed m oi 


study this possibility In these expeimients samples of blood were 


eoUected under 


oil, the serum was separated under oil in some of them, and the 
performed on the sera thus obtained These results ivere compared iG 
obtained on blood collected in the usual ivai Table VI tur 

these expeimients The results led to the followmg conclusions 
bidity tests done on separated sera lemain more constant than 
unsepaiated sera, dilution tuibidity obtained from sera or even 
arated sera under oil tends to keep constant for a longer time (a 
as the protective action of oil on the CO, content can be expected to 
houi-s according to Peters and Van Slyke-®) However, of 

other factors which must have accounted for the lathei erratic e gilding at 
dilution tuibidity after six houi-s oi more With the intention o P'' 


R Squibb Sons New York, N T 
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Table VI Cilvnqes iv Dilution Turbidity Values Under Oil A^D With Serum 
Separated From Clot 


1 

SERA 

HOURS 

clot plus serum 

SERUM 

SEPARATED 

CLOT PLUS SERUM 
UNDEP OIL 

SERUM 

SEP VE.VTED 
UNDEP OIL 

F 

Initial value 

15 

2 

5 


3i 


2 

25 

25 


4 


15 

25 

25 




10 

2^ 

25 


24 



3 


B 

Initial value 

6 


C 



li 


5 

G 

6 


4 


5 

G 

6 


24 

-5 

25 

6 

6 

D 

Initial value 

7 


7u 



1 

5 


7 



3 

5 


8 


T Z 

Initial value 

7 


7 



1 

C 


7 



18 

5 


7 



least one other possibility an attempt was made to poison the active enzyme 
systems which may be lesponsible for the detciioiation of the dilution turbidity 
The addition of 0 05 c e of a 1 10 000 solution of NaCN to 1 0 c c of serum 
however did not present the decrease as obseiied ni the coiitiols 

"When the dilution turbidiU test is performed in distilled water saturated 
ivith CO 2 (according to Naumann^’) but otherwise following the technique em 
ployed throughout oui woik the values thus obtained aie higher than when 
the test IS performed on freslih drawm blood using distilled water alone The 
normal upper limit hcic is probabh close to 4 units 

We consequently considci it as probable tlial the escape of COa is the 
reason for the giadual loweiing of the dilution luibidit\ \alues on standing 
To a\oid using means for controlling this escape and theieby complicating an 
otherwise simple pioccdure we recommend that the test be pei formed shortly 
after the blood is drawn piefeiablv within one to two hours Otherwise the 
serum should be separated fiom a blood specimen taken under oil and stored 
under oil in a refrigeiator E\cn taking these precautions it is best not to 
(lelay the test foi more than si\ hours 

In the following tables (Tables VII to X) and statistics oiih those values 
are used which were obtained from fieshh examined specimens 

CLINICAL RESULTS 

In 328 blood specimens taken from 203 patients the followung results were 
obtained 196 specimens from 105 patients showed a positue lesult 111 one or 
more of the tests performed The dilution turbidity test was positive m 139 
the thymol turbidity test in 160 and the cephalin cholesteiol flocculation in 
131 \11 three tests were positive simultaneously 111 90 specimens Only the 

dilution turbidity and thymol turbiditv tests were positive lu 34 The dilution 
turbidity test and cephalin cholesteiol flocculation test were positive in 6 The 
thymol turbidity and cephalin cholesterol flocculation tests weie positive to 
gather in 14 The dilution turbidity test was positive alone in 9 the thymol 
turbidjty Jest glone in 22 and the cephalin cholesterol flocculation alone in 21 
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Tabll VII Diseases op the Liver vnd Biliary Trict 


PA 


DATE 





TIENT 

DIAGNOSIS 

(1947) 

DTT 

T T T 

CCP 

OTHER riRDIRGS 


6/18 

6 

11 

4 plus 

7/2 

4 

7 5 

3 plus 

7/7 

35 

6 

+ 

7/16 

4 

8 

Eeg 

7/28 

25 

5 

Neg 

b/23 

5 

h , 

4 plus 


4 

6 

4 plus 

6/27 

3 5 

0 

4 plus 

7/7 

4 

b 

2 plus 

8/11 

25 

2 

1 plus 

9/3 

(l 

7 

4 plus 


O-*- 

3+ 


8/25 

O 

4 5 

Ecg 

S/25 

b 5 

12 

4 plus 


3+ 

3+ 


8/25 

7 

19 5 

4 plus 


4+ 

4+ 


9/2 

7 

17 5 

3 plus 


1+ 

2+ 


9/11 

6 

13 

1 plus 


»+ 

3+ 


9/8 

4 

14 

3 plus 


2+ 



5/2. 

1 5 

O 

> 

Neg 

5/28 

6 

11 

4 plus 

b/20 

45 

10 

4 plus 

b/25 

6 

16 

4 plus 

7/7 

4 5 

18 5 

4 plus 

7/11 

4 5 

22 

4 plus 

7/14 

0 

22 

■” 

7/23 

6 5 

IS 

4 plus 


2+ 

2+ 


7/28 

6 

18 5 

4 plus 


+ 

3+ 


8/4 

45 

34 

4 plus 

b/lb 

7 

21 

2 plus 

6/20 

25 

25 

Neg 

7/25 

2 

4 

2 plus 


E E 


L G 


Infectious hepa 
titis 

(Improving) 


Infectious liepa 
titis, HCVD*- 
(Improved) 
(Improved) 

(Well) 

il B Chronic hep ititis 

D K Tuberculosis of 

bone, mild hepa 
titis, probablj of 
serum tjpe, 
(almost cured) 

E E Tubeiculosis of 
spine, hepato 
megaly 

T Z Tuberculosis of 
lungs, homolo 
gous serum 
) lundice 


H J Infectious hepa 

titis (improved) 

A C Laennec s cirrlio 

SIS 


B S t holangitic 
cirrhosis 


(Woise) 
(Verj bad) 


M M 


F D 


Cnihosis, did 
betes, Kimmel 
stiel Wilson 
syndrome 

Osier’s dise ise, 
cirrhosis 


97 

08 

18 


Biliiubm 1 I ing % 


Bilirubin > b mg % 


T F, hi, f’’ -■*’ 

40% left after 30 imn , 
ruom, 0 1 niff % 

Bilirubm 1 1 mff % 
Bilirubin 7 I mff 7f 

Biliuibm 4 3 mg % 

» -f * .'s 

TF, 5 9, V ’ 

hue phosphatase, J » 

, , P’S, hi'' 
! A, Hi " 

>8 m’ff '7c '•'[ 


1 F, 5 3 
lubiu, 


1 UllIU, d O lui, . 

Bibiubm b 1 mg % 

on f ’9,9''*’ 
4 P, 58 , A, 29 , b, 


jon’% re’tention 

B&F, 23% If‘ fc,’ 
TP, oI I 


45 

0 


dir Direct reacting: ind indirect reacting 
T P Total protein albumin G globulin 
*H> pertensU e cardiovascular disease 
t Vrteriosclerotic heart disease 
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Tvble mi — Cost h 


PA 

1 1 

DATh 1 

1 



j 

tient 

1 DIAONOSIH I 

1 

DTT J 

TTT 

CC t 

j OTHEE riNDlNGS 

G D 

Laennec^fl cirrho 

7/16 

1 5 

S5 

2 plus 

T 1 0 7 A. o 1 Q, 1 6, bJi 


^18 




rubm less than 01 mg 9o 



7/30 

4 

9 

4 plus 




S/20 

6 

11 

3 plus 

TP 60 A23 G43 




2+ 

2+ 




0/2 

7 

11 

4 plus 






3-r 



1 1 

( liul iiiKitii cirrtiu 

7/iS 

( 

IJ 

4 plus 

Bilirubin 2 2 m;, % alkaline 


ih ohstruitiou 
(ailheMnina) 



phosphatase 19 7 U 



E C 

I acnnpp pirrlm 

7/10 

, 

1^ 

4 plus 



rheuiiiatoul 

arthritis 






I S 

I iieunw. a cirrlio 

7/-i 

2 

3a 

2 plus 



SIS conj,e tne 

VI 

1 o 

S > 

4 plus 



Jner <ltimaj,c 


+ 

+ 




\SIID{ 

S/->2 

3 > 

1 

plus 




9/12 

t 

5 5 

Nor 




9/22 

3o 

6 

Nog 




9/26 

5 


1 plus 


H 

I uenoec a cirrho 

3/1 

2 > 

4 > 

« plus 



SIS carcinoma of 
bilmn tract 






M.L 

r^aeimec a cirrlio 

0/S 

9o 

20 *> 

4 plus 



ais biliar\ cirrho 

3+ 

4+ 



8l«* 

9/9 

125 

20 

4 plus 

TJ>,b6 V35G31 




4+ 

4+ 




10/15 

1’ 

21 a 

4 pluh 

riiolesterol 198 esters, 136 rok 



4+ 

4f 

/c 

^ P 

Cirrhosis car 

7/14 

2 

7 

1 plus 



iinonia of li^er 

9/9 

2 

6 

2 plus 

BSl 70% left after 30 mm 






TP 74 V39G35 bih 

rubin 1 2 dir 


ii M 

Bilnn cirrhosis 

10/-fl 

3 

7 

Nog 

( hole terol 198 esters, 135, 




+ 


bilirubin 37 5 mg % alkaline 
phospiiatase 13 3 U 


It B 

Cirrhosis hops 

10/_0 

4 

7 

3 plus 



titis 

2+ 

2+ 



n K 

Carcinoma of 


4 

11 

Nog 

rP,0 A, 34 G2G 


breast p ui 
cirrhosis of hver 
and metastase 


2+ 

2+ 



7 \V 

Carciiiom i of liea 1 


2 

35 

Nog 

Bilirubin 14 2 mg % 


of pancreas com 
plete obstruction 







'wth lutta tnses 






f’ s 

Obstructive jaun 

7/10 

2 

5 

± 



dice malignant 
tumor 






1 

Obstructs 0 jauu 

8/lS 

2 

4 

Nor 

11 75A, 3{(j4» biliru 

hm 45 mg % cholesterol 546 


dice carcinoma of 
henil of pancreas 

fi/29 

I 5 

6 

Nog 

mg % (sters 183 mg % 


(QoM d on next page/ 
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Table VII — Cont’d 


PA 

TIENT 

JL 



DATE 


DIAGNOSIS 

(1947) DTT TTT 

0 C F 


OTHER FINDINGS 


Carcinoma of gall 
bladder, severe 
prolonged ob 
structive jaun 
dice 

Seminoma with 
metastases of 
liver, obstructive 
jaundice 

Lymphosarcoma, 
obstructive 
jaundice (10 
days) 

Chrome chole 
cystitis 


3 5 10 5 


9/5 1 5 


R D 

Choleej stitis 

8/11 

3 

85 

Neg 




8/18 

3 

9 

Neg 


C R 

Panoreatitib, 

0/18 

2 

1 5 

Neg 

AUtalme phosphatase 291 U 


obstructive 

6/25 

3 

25 

Neg 


jaundice 






Day of operation 

7/10 

25 

4 

Neg 


W R 

Jaundice after 

6/20 

3 

25 

Neg 

Bihrubm 17 5 wg % 


gastric operation. 

6/20 

3 

3 

Neg 



obstructive? 

6/27 

3 

35 

+ 




7/9 

3 

50 

Neg 


A H 

Diabetes, hepato 
megaly, Kimmel 

0/20 

3 

4 

2 plus 

TP, 7 5, A, 51, 0, 


7/11 

2 

55 

1 plus 


stiel Wilson syn 
drome 



Table VII, which sunimaiizes the cases of livei and biliaiy 
shows the rathei close paiallelism of the tests with a few notable 
Patient W E, following gastioentei ostomy and vagotomy foi 
and obstiuction, piesented a late postoperative picture of questionable o s 
tive jaundice possibly combined with mild paienchymal damage 
deal -cut diagnostic conclusion could be leached, the evaluation of ^ 
disci epancy in the tests is obviously mipossible Patients N Pj enlb'^ 
and P W , patients with neoplastic disease, showed disci epancies 
dilution turbidity and the thymol turbidity tests, patient N P shone ei 
and caieinoma of the livei on suigical exploration 1 ton tur 

It may be stated here that most of the disci epancies between i h 
bidity and thymol turbiditj eventually fitted into three gioups 
diseases, congestive heait failuie, and, to a smallei extent, diabetes 
betes the thymol tiiibidity test is occasionally positiie helonliie- 

In Table VIII the eases of neoplastic disease aie reviewed jD 

in this group but alieady reported in Table VII aie not lepeated u 
eluded in the statistics In eleven specimens out of sixty-fi' o ^ (jJuUue 

rather uniform group of multiple myeloma) a discrepancy between 
tmbidity and thymol turbidity was noted, and in five, a disciepa^l*^ 
the thymol tuibidity test and the cephalm-cholesteiol flocculation tes 
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Table VIII NEOPii*\sTic Disease 


PA 


DATE 1 


1 1 

1 



TIENT 

DIAGNOSIS 1 

(1947) 1 

DTT 1 

1 TTT 1 

ccr 1 


OTHEr FINDINGS 

S D 

Chronic Ijm 

7/7 

3 , 

105 

4 plus 

TP 

5 9 A 4 G, 1 9 


pliatic leucemia 



+ 





7/28 

25 

9 

4 plus 





8/11 

4 

11 

4 plus 






3+ 

3+ 




K B 

Chronic lym 
phatic Icucemia 


j 

2 

Neg 



L J 

Chronic 

7/lb 

Oo 

1 o 

- 




phatic leucemia 

9/12 

1 

1 o 

Neg 



M G 

Chronic Ijm 

7/30 

1 

7^ 

4 plus 

1 P 

4 98 ^ 40 G 2 52 


phatic leucemia 



_+ 





8/4 

0 j 

7 

plus 





8/22 

Oo 

7 

3 plus 







4+ 




B 0 

Chronic ujelog 

8/18 

1 

o 

Neg 

3 P 

58 1 38 Q 2 


enou3 leU‘.emia 

9/3 

1 

15 

3 plus 



r C 

KoOgkm a disease 

0/30 

2 

4 

Neg 




8/8 


4 

Neg 



h. W 

Hodgkin a disease 

7/9 

1 

2 

0 



S 

Hodgkin a di case 

8/20 

9 

23 

4 plus 

TP 

61, A 22 G 39 




3+ 

48- 






9/10 

8 

24 

2 plus 

BSP 

75% left after 30 nun 




4+ 

4+ 





9/22 

85 

20 

2 plus 






4+ 

4-I- 




p a 

Hodgkin 11 di case 

9/26 

45 

3+ 

11 

2+ 

1 plus 



S D 

Caicinoma of 

7/9 

2 

C5 

1 plus 




colon with li\cr 
UlttUst 







I R 

\.bdominaI car 
cinoina with liver 
metastasei 

//lO 

( 

4 

plus 



S G 

Carcinoma of sig 

8/11 

0 

10 

1 plu 




mold with liver 


2+ 

2+ 





metastases 


55 

$ 

2 plus 






3+ 

2+ 




G ii 

Carcinoma of 

S/ll 

3 

8 

^ plus 




colon liver en 
largement 
f metastases f) 







D R 

Carcinoma of 

8/11 

1 

25 

Neg 




Tocttun 







P B 

Carcinoma of 

8/11 

1 5 

3 

1 plus 




colon 







3 C 

Carcinoma of 

8/11 

05 


Neg 





sigmoid 








^Conl d on next paffej 
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r\BLE VIII CONT’B 


PA 


DATE 




TIENT 

DIAGNOSIS 


IdTT I TTT 1 


OTHER FIVDINGS 


M E 

Carcinoma of 
stomach 

S/ll 

1 

2 

Neg 


T McQ Carcinoma of 
lectum (after 
iiieonipatible 
ti insfusion) 

S/ll 

35 

+ 

11 

■h 

Neg 


S & 

Ciiunoma ot 
stomadi 

s/n 

1 

4 

Xeg 


z s 

Can inoma of 
esopliagui 

S/ll 

4 

7 

1 plus 


M K 

Cm inoma ot 
sigmoid 

S/IS 

2 1 

*5 5 

Xeg 

'IP, 5 5, A, 2 8, G, 2(, bih 
lubin, 01 mg %, alkaline 
phosphatase, 5 U 

A W 

Retroperitoneal 
tuinoi (cachexia) 

7/21 

8/1 

■) 

1 5 

0 

J 

1 5 

2 plus 

4 plus 

TP, 00, A, 24, G, 45 

0 B 

Hvpernephrom i 

8/1 ! 

1 5 

2 

+ 


h K*” 

Cdrcmonn, of 
cervi\ 

S/n 

1 5 

25 

Xeg 


S C 

rauinomi of 
prostate 

9/17 

1 5 

1 1 

Xeg 

A.( 1(1 phosphatase 42 U 

B B 

Carcinoma of 
till roid 

0/18 

6/25 

1 

2 

2 

25 

Xeg 

Xeg 


N L 

Bronchogeuic 

rnrcmonia 

5/23 

4 0 

12 

2 plus 

TP, 4 98, A, 2 46, G, 252 

L J 

Carcinoma of lung 

S/4 

8/lS 

2 

2 

7 

12 5 
2+ 

3 plus 

3 plus 

G L 

Bronchogenic 

earcmomd 

S/n 

25 

O 

2 plus 


I P 

Bionchogenic 

carcinoma 

s/13 

1 

2 5 

Xeg 


M S 

Bronchogenic 

carcinoma 

s/13 

2 

25 

+ 


A P 

Caiunoma of 
breast 

s /0 

1 5 

4 

Neg 


R G 

Carcinoma of 
breast 

s /0 

•> 

4 

2 plus 


H H 

Carcinoma of 
breast 

8/0 

1 

35 

Xeg 


C B 

Carcinoma of 
breast 

S/6 

0 5 

1 

Xeg 


Y H 

Carcmoma of 
breast 

S/6 

1 0 

4 

Xeg 


C H 

Carcinoma of 
breast 

S/0 

1 

25 

Neg 
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T\DLE Vin — COhT^D 


PA 

1 

1 DATE 1 


1 


I 




TlENT 

1 DIAGNOSIS 

1(1947) 1 

DTT 

^ T T T 

CCF 

1 

OTHER FINDINGS 

KW 

Carcinoma of 

8/13 

05 

1 

+ 






breast 

8/22 

15 

05 

Neg 





E B 

Carcinoma of 

8/6 


45 

Neg 






breast with bone 
metastasis 









D C 

Multiple myeloma, 

5/28 

o 

1 

Neg 

T P 

10 t) 

A 24, 

, G, 8 2* 


p m widespread 

7/23 

25 

05 

Neg 

TP 

9 3 

A 22 

G 71 


osseous mvolve 










inent, liver neg 
ative 









M K 

Multiple mjeloma 

6/4 

Oa 

2 

Neg 

T P 

< J 


G 4 0* 



10/20 

1 

1 

Neg 





il IV 

Multiple mj elomu 

<i/4 

0 J 

1 

Neg 

r p 

70 

\ 0 0 

G 2 0t 


7/28 

0^ 

1 

Neg 

T P 

5 6 

\ 39 

G 1 7 

E E 

Multiple myeloma 

u/20 

1 5 

1 

Neg 

r p 

a 38 

1. 397 

G 4 41* 


None of the e presented a Bence Jones proteinuria 
tBenco Jones proteinuria pres nt 


Iho small gioui) of toui cases ot multiple m\tloin i piesents an inteiestuio 
featuie insofai as, ^\lth one e\ceptiou — a noimal \aiuc all the dilution tu^bldlt^ 
and tlninol turbidih tallies weic low and all the ceplialin cholcsteiol floccula 
tioiis weie negatne this is so, iiicspectitc of the total piotein ind especialh 
jtlobiilm levels which m thieo cases wcie high m one lots 

Table IX suinmauzes onlt those cases of cougcstitc hcait failiue in which 
one 01 nioie of the testa tveic positive In ten specimens out of filtj soten 
t il en iioni patients with congestite failuie dilution tiubiditj and thtmol 
turbiditt did not coufoim eight of tlicin ])ieseutiug an increased th>mol tiu 
bidih and noimal dilution tiubiditj and m fifteen theie tvas an incongimtj 
between the thjmol tiubiditt test and the ccphalin tliolcsteiol floeculation 

Lleten specimens taken fiom nine patients with actite tuheiculosis mostlt 
advanced pulmonu\ tuheiculosis (thiee of them weic included in Table VII 
which icviews litci disease) showed fen positive dilution tuil)idit\ tests and 
ten positive tlnmol tlubldlt^ tests all in the same specimens ind sis. i)ositi\e 
cephalm cholcsteiol flocculation tests 

Some cases of special inteiest aie piescnted m labic X In accoidaiice witli 
the fuidin,,s of Weitlieimei and Stun'* two cases of subacute endocarditis 
showed incieuscd dilution tuibiditij and also confoimin^ with then findnioS 
I cold fiactioii was piescut in these seia Caitci and i\faclagau ' also ha\c 
Tepoited oil the pos^tlMt^ of the thiinol tuibiditij test in tins disease Livei 
damage though is haidh to be niled out in subacute bacterial endocarditis 
Positue livei tests ha\e been lepoited in uitectious mononucleosis b\ seveial 
mthois 2 23 j|. *,een)s woitli wink cmpliisi/mg the iiuicised \ allies in the 

thicc patients with at\pi(al pneumonia oximintd i finding winch wi hu\e not 
uicmmteied in the few patients with othci t\pcs ol pneumoiin t\annned Me 
luteiul to follow up this finding in in adeiinatc sciics of atAjiic il pneunioinas 
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Table IS Congestive Heart Failure 




1 DATE 1 





PATIENT 

DIAGNOSIS 

• 1947 1 

D T T 

TTT 

CCF 

OTHER FIVDINGS 

C R 

BHD* 

5/26 

2 

5 

Neg 

Bibrubin 1 4 mg % 



7/7 

1 

3 

Heg 


c s 

BHD, hyper 

6/23 

2 

3 

1 plus 

TP, 76, A, 28, G, 4S 
BSP 49% left after la mra 


tension 

7/25 

3 

45 

3 plus 

A J 

BHD, chrome 

8/20 

05 

15 

+ 



nephritis 

9/8 

15 

2 

2 plus 




1 5 

1 5 

Neg 


C W 

BHD, pm 

7/23 

15 

25 

Neg 



nutmeg livei 

8/1 

2 

35 

3 plus 



S/IS 

1 

4 

Neg 




8/25 

05 

45 

- 




9/3 

2 

35 

1 plus 




9/12 

1 

35 

Neg 




9/26 

1 5 

3 

1 plus 


E MeC 

BHD, p m 

8/13 

2 

5 

4 plus 

TP, 6 9, A, 4.8, G, 21 


chronic passive 
congestion, duo 
denal ulcer 

9/3 

2 

35 

3 plus 


H D 

BHD 

8/25 

3 

55 

Neg 




10/15 

5 

7 

Neg 






4+ 



J S 

BHD 

8/29 

2 

2 

2 plus 


B S 

BHD, pulmonaij 

8/29 

1 5 

6 

1 plus 

Bilirubin 1 0 mg % 


infarction 

9/17 

3 

45 

Neg 




4 

7 

2 plus 


G S 

BHD 

9/29 

7 

8 

2 plus 





4+ 




B B 

ASHD,t BHD 

(i/2 

2 

55 

2 plus 


M T 

HC VD,t diabetes 

7/11 

05 

5 

Neg 




8/18 

25 

4 

Neg 

Bilirubin 3 3 mg % 

a B 

ASHD 

8/25 

1 5 

1 5 

Neg 



9/8 

1 

2 

1 plus 


D G 

AHCVD$ 

9/5 

2 

6 

Neg 


M B 

ASHD 

9/8 

25 

45 

2 plus 


E S 

AHCVD 

9/9 

3 

35 

Neg 


R T 

AHOVD, diabetes 

10/1 

35 

4 

2 plus 


r G 

AHCm, diabetes 

10/15 

5 

S 

4 plus 





4+ 

3+ 



A il 

Congenital lieart 
disease 

h/16 

2 5 

o 

Neg 



•Rheumatic heart disease 
tArterlosclerotic heart disease 
JHypertensive cardiovascular disease 
gArterioscIerotic h’vpertensne cardiovascular disease 

A gioup of eleten cases of iheuniatoicl aithiitis pieseuted a po'"' 

tion of positive dilution turbidity and thymol tuxbidity tests i 
of view the disease is the subject of a studv at the present tim^ 
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T\blc X Miscsllvneous Diseases 


PA 

! 1 

DATE I 


1 1 


1 

TIENT 

1 DIAGNOSIS 1 

(1947)1 

D T T 

1 TTT 

ccr 

] OTHER FINDINGS 

L B 

Subicuto bacterial 

5/26 

S 

20 

3 plus 

2 plus cold fraction 


endocarditis 




H r 

Subacute bacterial 

6/4 

3 

3 

Nck 

1 plus cold fraction 


endocarditis 

6/18 

35 

55 

1 plus 

Slight cold fraction 



7/7 

2 

5 

Neg 

No cold fraction 

E E, 

Subacute bacterial 

0/16 

3 

4 

Neg 

Ao cold fraction 


endocarditis 1 





D F 

Infectious mono 

9/11 

3 

5 

- 



nucleosis 

9/17 

4 

0 

.. plus 





+ 

+ 





9/26 

4 

4 

+ 


B B 

atypical pneu 

10/15 

7 

9 

3 plus 

Cold agglutination 1 8+ 


monia EHD 

10/31 

8 

11 

3 plus 

Cold agglutination 1 2o0+ 




3+ 

2+ 


F H 

Atypical pneu 

7/14 

4 

85 

2 plus 



moma 






3 L 

Atypical pneu 

7/9 

11 

11 

4 plus 



moma 


+ 

+ 





7/lG 

10 

14 

4 plus 





+ 

+ 



MC 

Boeck s sarcoid 

7/9 

8 

17 

4 plus 



liver enlarge 
ment 


2+ 

2+ 



F B 

Diffuse vascular 

7/25 

o 

9 

2 plus 



disease 

+ 


IP 59 440 Q13 bill 


9/8 

3 

4.5 

4 plus 



2+ 

2+ 

rubin 0 2 mg % 


'Rheumatic heart disease. 


Positive flocculation leactions (twenty four hour reading) aie marked plus 
to 4 plus aecordiiic, to then degree whcie oljsei\cd but in the fli’st few weel s of 
this ^vork insufficient atteutiou was paid to this phenomenon No statistical con 
elusions, therefoie, axe diawn fiom them We could not in contiast to Neefe 
observe an advantage of the thjmol flocculation test ovei the thymol turbidity 
test as a more sensitive indicator for Inei damage we foiuid it positive onlj 
whenever the thjmol tuibiditj was over 4 We made the same observation for 
tlie dilution flocculation and looked at tlie flocculation icnctions onlj for their 
confirmatory value 

DISCUSSION 

The behavior of the dilution turbidity tow aid NaCl and distilled watei 
and towaid lipid e\tractioii and addition respectively and its negative result 
m tests perfoimed on rabbits' blood and on immune globului demonstiate its 
close relationship to the thymol till biditv test This relationship furthermore is 
borne out by the cluneal data We even venture to suggest that a considerable 
part of the precipitation in the thvmol tuibidity test is due to the diluting 
effect of the distilled watei Ccitam diffciences however (as both the rapid 
detenoriatiou of the former fi action and a sizable numhei of discrepancies in 
the clinical material indicate) make it appear improbable that the respective 
fractions responsible foi the two tests aie identical the> may overlap though 
and be very close to each other 

In accordance with Recant Char^jaff and Hanger,^ Watson and Kappa 
port, 2“ Neefe “ Mateer and co vsorkeis,®® * Havens and j\Iarck“ and Cohen 
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and Thompbon,'’ we conclude iioni oui expeiience tliat the tephalm cliolestCK! 
docculation indicates a diffeient seiura pattern fioni the one lespousible for the 
thymol tuibidity test and, foi that mattei, foi the dilution tuibiditj test 
Eeviewing the clinical lesults, a few findings lequiie fuither comment 
Among the nine cases in which the dilution tuibiditv alone uas positne, there 
weie tliiee in w^hich the thymol tuibidity value was 4, a value considered po=i 
five by Mateei and couvoikeis,-® one was a case of congestne heart failure, aiiJ 
one a probable intia-abdominal malignant tumoi Among the tweiiti one (iso 
in which the thjmiol tuibiditj test alone w^as positive, four represented mahg 
nant diseases, five congestive failure, and five diabetes Of sl\ specimens m 
which the dilution tuibiditv test and the cephalm-cholesteiol flocculation tot 
w'eie positive together, foui had a thymol turhiditj of 4 and one ot 35, and 
one was from a patient with a malignant disease The group wheie the tlmiiol 
turbiditv test and the cephalin-cholesteiol flocculation test vveie both positm 
togethei (foui specimens) is made up of cases of congestive failuie and neo- 
plastic disease with the single exception of one case of diabetes 


Irrespective of these considerations, when sumniaiizing oui figures as gi'0>i 
it becomes evident that the association of findings of the chhitioii tuibiditi an^ 
thymol tuibidity tests is not merely a mattei of chance, these two tests a^ 
positive togethei in 124 specimens, the dilution tuibidity test and cepha 
cholesterol flocculation togethei in 96 Snice the standard eiioi of diftoiena 
IS 4 95, the difference between both senes of findings exceeds by five and one a 
fold the standard error of differ enee 

The majoiiti of the findings belongs to the group in winch all the ttot^ 
were positive Most diseases, espeeiallv those of the livei, which 
found protein disturbances appaienth are able to produce positive 


several groups In a seveie paienchvmatous disease ot the hvei sucli 
tious hepatitis, the results of most of the valuable livei tests may we 
pected to be positive, togethei at the same tmie oi at least following eac 
in different phases of the disease, whethei the tests belong to the hepa oce 
01 the cholangiolai type (Watson and Hoffbaner ^ 

As Cantaiow^® and others have shown, other diseases ot the liver 
likely to piodnce a large numhei of different positive tests of 

Hanger has pointed out lepeatedly that some cases of mabgnant ‘ ^ 

the liver, piimaiy oi metastatic, usually fad to produce a positive c 
cholesterol flocculation Watson and Kappapoit^'^ mention m then 
agreements hetw'een eeplialm-cholesteiol flocculation and the thynio 
test foui cases vvheie, on the contiaiy, the cephalm-cholesteiol norc 
1 plus to 2 plus and the thj mol tuibidity test was negative 


Congestive failme of the heait niaj attack the hvei m various wavs 


lesii'h 


piodiiee vaiving functional effects expiessmg thennselves m mcongnm^ 
of tests-* It is conceivable that m both groups of eases, 
on the one hand and the eoiigestivm damage of the liv ei on the o 
cell units may be affected in different degrees and ways, and, as o 
categoiv', the damage might not necessarily he in the hvei 



DILUTION TURBIDITl TLST IN SERUJl 


687 


The determmatiou of the dilution tuibidit> and flocculation ma> pi*o\e it 
belf useful foi several reisoiis It supplies, in oiu cxpeiicnct most ot the in 
fonnatiou provided by the thymol tuibiditj and flocculation test its departure 
from the thvmol test mav in addition tiiin the attention to one of the disease 
groups mentioned in which this oteiu’s ind it nidv be helpful in the classifica 
tion of a case of stiilnng hv pei^lobnlinomia The dilution tuibiditv test ls 
easilj cirricd out and iftei some expeiiencc iii its use has luen atipuied mav 
even be emploved is a bedside piocediue 


SL MM \ 1 {\ 

The pioccduic of diluting seium with distilled w itci was earned out and 
the lesulting tiubiditv was read iihotonietiualh This dilution tuibidit> test 
was compaied with Maelaoan’s thvmol tiiibiditv test and Hingei s tephalin 
cholesterol floeeulation test 

It was noted that at a dilution of 1 15 the dilution tuibiditv doseh jiaiallels 
the thjmol tiubiditj 

E\peiimental evidence coufiims this obsciv ition ot a close lelation between 
these two tests, the techuKiue of the pioccduie the liehavioi of the cUlution 
turbiditj toward water and sodium chloiidc its values betoic and aftei lipid 
extraction of the sera, its behavuoi with labbits blood and liumau immune seium 
globulin, and the fact that it flocculates within twentv foiu houi's when piesent 
in increased amounts all put the dilution tuibiditv test beside the thvmol tur 
bidity test rather than the ccphalm cholestciol flocculation test 

Conforming with evidence obtained b\ others a ceitam diffeicuee in 
mechanism between the tlijmol tuibiditv test and the eephalni eholesteiol floe 
culatiou test also is eonfiimed bv oui e\peiinieuts and clinical e\peiienee 

There is, however, an obvious diffeicncc in the icsults of the thvmol and 
dilution tests m a small nunibei of cases as well os in the experimental results 
The discrepancies between the two tests as obseived in elmical cases usuaUv fall 
into the categoiies of neoplastic disease congestive heait failuie and diabetes 
The serum components lesponsiblc foi the two lespective tests thorefoie cannot 
be identical but maj overlap 

The dilution tuibiditv test nnv scive is a simple test appaientlv giving 
niost of the infonnation supplied bv the tin mol turbiditv test It mav furthei 
moie coiifiim and occasion illv inodifv the lesult obtained in a tlivmol test 


I wish to thank Di E VV ertlieimer for arousing iu\ inteicst in tlus field Mr G Ross 
for his kind help and interest Dr L Leiter, Dr P M Hanger ami Dr L Recant for 
valuable suggestions, and the hou t ami laboratorv staffs of Montefiore Hospital for their 
fine cooperation 
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EXPEimCENTAL STUDIES ON THE INTRAVENOUS INJECTION OF A 
FAT EirULSION INTO DOGS 


H C Meno, M D Ph D • AND Smith Freem in M D , Ph D 
Chicago, III 

I T IS important to be able to proMde complete parenteral nutrition for human 
beings To accomplish tlus it seems necessary to have a stable, nontoxic fat 
emulsion suitable for adimnistiation b) \em The literature contains numerous 
reports^ ^ recording the efforts of other investigators in this direction From 
studying these reports it is apparent that none of the emulsions thus far pre 
pared is entirely free from toxic effects ® ’ Emboh anemia or liver damage ap 
pear to be the most common complications arising fiom the injection of mtra 
venous fat 

The following is an account of oui most successful espenences in attempting 
to prepare a stable nontoxic fat emulsion suitable for intravenous use 

EXPERIMENT Ui PROCEDURE AND RESULTS 
The problem maj be divided into three parts (1) prepaiation of a uniform 
stable, finely divided fat emulsion, (2) a study of the physiologic effects of the 
emulsifying agents and of the complete fat emulsion and (3) evidence concern 
mg the utilization of fat contained in the emulsion 

Preparation of a Uni/om Staile Fat Emulsion . — 

The emulsifying agents studied included Tweens, Spans t® soya bean phosphatides t 
mono and diesters of glycerol phosphate esters of long chained hydrocarbon alcohols gums 
plasma and bile salts 

ilany substances were tried alone or in combination with one another The oils used 
were coconut corn or butter oil The fat soluble agents wore dissolved m tho fat and the 
water soluble substances in water prior to mixing the water and oil together Dextrose 
Karo sjrup, or dextnns were also dissolved in the aqueous phase in some instances Pre 
Imnnary studies on emulsillcation usually were made with a hand homogenizer If these 
experiments appeared promising ns judged by the particle size and ease of emulsification 
a larger batch of material was emulsified by means of a Cherry Burrell Viseobzer $ 

Tho following procedure and substances were finally adopted as yielding a satisfac 
tory emulsion containing a minimum of emulsifying agent"! Fresh sweet butter was 
melted and the oil separated by centrifugation after which it was washed three times 
using four volumes of hot distilled water for each washing Fi\e grams of Span 20 and 4 
Gm of pure soya phosphatides (Asolectm) were added to e\cry 100 Gm of butter oil 

.!» ,rrom the Departments of Phy Io1ok> and Experimental 3IedlcJnc Northwestern UnNer 
Medical School 

Received for publication Feb 9 1948 

Nash\ address Department of Ph>slology Vanderbilt University Medical School 

writ jTweena and Spans are surface active agents produced b> the Atlas Powder Company 
'viirnlngton. DeL 

Soya Phosphatides Asolectin a product of Associated Concentrates Inc. 

Pall# authors vrish to acknowledge their indebtedness to the Cutter Laboratories Berkeley 

for the funds used to purchase the VlscoIIzer 
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The mixture was heated and mixed on a steam hath until dispersion was lomplete Ou 
hundred grams of dextrose and 1 Gm of sodium cholate* were dissolved lu sufliuent natti 
to make S83 ml of solution The buttei oil and dextrose eholate solution were then diiiw 
together and poured into the homogenizer Usually 10 to 15 liters of emulsion were pre 
pared at one time This amount required four to fix e pounds of butter 

The mixture was passed thiough the Viscohzer five times at a pressure of 3, sM to 
1,000 pounds per square inch t At the end of this procedure the milkj uhite emulMon nsi 
filtered through gauze into 500 ml Erlenmeyer flasks (400 ml to a 500 ml flask) andtheflj.) 
were stoppered with cotton The flasks of emulsion were autoclaied twice within tirentr 
tour hours at 10 pounds pressure (113 to 111" C ) for ten minutes Part of each batch *4. 
incubated for forty eight hours at 37 5" C, and 1 ml was added to fluid thiogljcollai 
broth and cooked meat broth media The inoculated media were incubated for forty tijb 
hours, then streaked on blood agar plates and incubated aerobically and anaerobitallr 
The baoteriologie tests were negative when the emulsion was sterilized as described ( P' 
pH of the emulsion after autoclaving was 6 3 to 6 5 The flasks of emulsion were tt r 
stored at room temperature till used The particle size of the emulsion, measured b\ mwi- 
of an obgective micrometer, ranged from 0 5 to 2 in diameter and was quite unifora. 
Emulsion allowed to stand for two months or moie in the laboratory show ed httle chM? 
m gross or microscopic appearance Fieezing and thawing cause a large portion of I 
to separate from the emulsion Some increase in particle size and a tendeiul to cmni r 
from long standing 


Table I 


CONTE^TS 

GM /KG 

BODY WT 

CAL /KG 

body WT J 

% 

Sucrose 

111 

45 4 


Casein 

44 

18 04 


Teaat 

09 

- 


Cellophane 

09 

- 


Salt muxture" 

04 



Lard 

32 

29 3 _ 

— 

Total 

20 9 

92 7 

— 


FO 

191 


316 


Vitamin A 
Vitamin D 


250 units 
36 umts 


"Wessons salt mixture® was used in all the sjnthetlc diets 


The effects of the emulsifying agents were studied by preparing ujl The 

m every respect with those just described except that they contained no tei® 

acute experiments were carried out on dogs under Nembutal anesthesia mideig*’-' 

feeding experiments were done on animals that had been dewormed an 
preliminary observations in the laboratory for several weeks pnor to use 
were confined in cages which permitted a quantitative collection of 
liters of 15 per cent (bv v olume) hydrochloric acid and 1 ml of 10 per cen^ ^ tbn'^'^’' 


in 95 per cent alcohol were used as preserv ativ es, and urine was 
period weekly during experimentation 




The partly sy nthetic diet (Table I) supplying ninety three c on ^ p^fiod ^ 
per day was fed to all animals on metabolic experiments during the con r ^ (ml' 

carbohydrate diet (Table II) was fed to the dogs injected with e “^'flow carboh'^"'' 
per cent dextrose), while the fat injected animals received a fat ire . the 
diet (Table HI) However, the animals received isocalonc diets t irou 
mentation 

- " -- flu 


•Prepared from cholic acid obtained from G H Breon &. Co Int- 
tDurlnp homogenization the temperature of tlie solution rises from 
Iv 45 to 50° C , (|,g Birt 

tThe tests for sterilltj viere performed bj Dr Evelvn P Tiiden o 
jiartment of the Dental School Northwestern University 


rid' 
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rAnihir Lou C\RBOU\DRATF Diet 


CONT1.NTS 

1 

Oil /KG 

BODY WT 

CAL /KG 
BODY yVT 

I % CALOIUEb 

Sucrose 


7 9* 

32 5 

49 0 

Casein 


44 

18 0 

194 

"ieast 


00 

- 

- 

Cellophane 


0 90 

- 

- 

Salt mbxture 


0 43 

_ 

- 

Lard 


1 1 


31 6 

Total 


10 0 

79 8 


\ itamm V 


250 units 



\ itamm D 


30 units 



3 146 Gm per kilogram as 

dextrose were glyen by \eln furnishing 1“’ 9 

calorie 

In the longer term experiments the 

animals were 

injected yvhilo 

secured on their 

sides on a canvas frame The 

emulsion or 

emulsifyung agents were injected six days per 

week through a 21 gauge needle into the veins of alternate legs A rate of approximately 

1 5 ml per minute for a dog -weighing 12 kilograms was 

used in all experiments Sterile 

precautions were obsened insofar as this 

yvas possible 

Injection was by means of a 

plastic tubing secured in the external jugular tern in some instances 


Table III 

Fat Free Low Cakboiiydkatf Du-t 



1 

OM /KO 

j CAB /KO 

j 

CONTENTS 

1 

BODY yVT 

1 BODY WT 

1 % CALORIES 

Sucrose 


7 93* 

32 5 

49 0 

Casein 


44 

18 0 

19 4 

Yoost 


0 902 

- 

- 

Cellophane 


0 90 

- 

- 

Salt mixture 


0 42 

— 

- 

Lnrd 


-* 

- 

31 C 

Total 





\ itamm A 


2o0 units 

- 

- 

"N itamm D 


30 units 




3 146 Gm Der kilogram bod> uelght as dextrose and 3 146 Gm per Kilogram bod> ueight 
M lat uere gUen b> vein furnishing 42 calories 


Immediate EffetU of Tiijechon of the tmuhifijiny Aqent'i or Fat Emuhton 
on Dogs —The effects of infusing the emulsifying igents or fat emulsion on the 
diterial blood piessuie md on the flow of thoracic duct Ijunph hepatic bile and 
unue weie deteimined • Aftoi a one half to one hour contiol period infusion 
was begun and continued at the late of 0 12 nil per kilogzaiii pei minute foi tlie 
next four haul's, aftei which obseiwatioiis were continued foi another liour or 
longer Table lY sumniaiizes the icsults on dogs that received the emulsifting 
agents (three dogs) or the fat cmnlsioii (fite dogs) Blood piessuies aie not 
included for in no instTiice were thex altered in either gioup of dogs Bile flow 


The procedure for tliese ineasurenienta was brleflj as follows An anmial 
Oietized with Nembutal (1 grain for e%er 5 5 pounds) soured on his back, V mercurj 

nianometer was connected with the left carotid arter\ b> thick walled ™bber tubmg and a 
>,las8 cannula niled wlUi citrate olutlon Through a right rectus incision the common bne duct 
Jtts ^posed and cannulated and the ostic duct ligated V small ^re rubber tube con 
nected to the cannula and brought to the outside b> means of a stab wound In the right side 
thoracic duct was exposed in Uie left supracla\lcular fossa and cannulated after which 
Die lymph was collected in test tubes containing a small quantity of potassium oxalate. 
The ureters were cannulated at the brim of the pel\la and urine was collected from small bore 
rubber tubes attached to the hlass cannulas and exterlorlxed through perineal stab wounds. 
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tion The nitrogen balance ^\as positive tlnoughout tlie injection peiiod as it 
was duimg the period of control obseivations foi both groups of dogs These 
results aie sho\\ii in Pigs 1 and 2 



Time la weeks 

1 —Showing a nitrogen retention (columns) and gain In body weight during dall> 
tions of emulsifying agents similar to those during the control periods 



Time in. weeks 

Fig --Showing a nitrogen retention (columns) and gain in body welglit during periods of 
daily injections of the fat emulsion similar to those during the control periods 


Nibro?=n balance (3- day period) S Nitro^o nbalTnco 
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PERIOD OF COLLECTION 

RELATION 

TO 

INJECTION 

DURA 

TION 

OP 

COLLEC 
TION 
(MIN ) 


TOTAL 

FATTI 

ACIDS 


OUT 


LT 

>IG 

43 

61 


DOG A 


TOTAL 

CHOLES 

TEROL 


CON 

(MG 

%) 
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VTS ON Lipid Content of Thoracic Duct Lymi ii 


^•jlON j EMULSIFYING AGENTS 


DOG C I DOO Z 


HOSPHO 

LIPIDS 

TOTAL 

FATTY 

\C1DS 

TOTUi 

CHOLES 

TEHOr 

pnosiiio 

LII IDS 

TOTNL 

patt\ 

\CIDS 

TOT VL 

CHOLES 

TEROL 

PHOSPHO 

LIPIDS 


OUT 

CON 

OUT 

TON 

OUT 

< ON 

OUT 

CON 

OUT 

CON 

OLT 

CON 

OUT 

0 

PUT 

(MO 

1 IT 

(Mr 

PI T 

f\IG 

I IT 

(MG 

PIT 

( MO 

PI T 

(mg 

PUT 

) 

(MO ) 

%) 

(Mn ) 


(MO > 

7 > 

(MO) 

%) 

(MO > 

7 1 

IMG ) 

(?•) 

(MO ) 

8 

45 6 

312 

53 

To 

12 7 


14 8 

1/30 

344 

100 

-0 

OS 

19 6 

la 

50 3 

360 

J74 

86 

64 ) 

111) 

82 0 

1210 

280 

so 

18 4 

141 

12 4 

17 

631 

437 

184 

S3 

34 N 

104 

43 0 

S24 

247 

78 

23 4 

111 

33 2 

8 

16/ 

444 

138 

S5 

20 4 

121 

37 0 

440 

360 

03 

516 

S8 

721 

IS 

146 

6'>8 

1J6 

94 

19 7 

131 

27 o 

328 

206 

54 

J4 0 

103 

68 0 

i6 

183 

680 

130 

97 

18 9 

180 

34 - 

258 

106 

o7 

23 4 

117 

48 0 

a 

250 

800 

296 

on 

332 

19a 

72 1 

26S 

139 

aa 

28 6 

93 

48 4 


Tvble VIII Hematologic Eiiut op Pat Emulsion Inplsion 


1 

DOq I 

j 1 

PRO 1 
1 CKDURE J 

1 

WEEK 1 

1 

PIET 1 

1 

1 VMOLNT GIVEN 

LT I 

1 

I HO 
(OM %) i 

Bl 

RPC 

LOOP 

IV B C 

1 HEMITO 
( RIT 

1 (%) 

Control 

1 

Normal 


15 0 

5 33 

9 450 

53 


2 

synthetic 


ICO 

6 90 

13150 

o3 



diet 






1 

Fat in 

1 

Fat free 

331 cc 

ICO 

63' 

17 0o0 

o2 

jectioa 

2 

low CHO 

10% fat m 

16 0 

C 79 

15 650 

53 


3 

diet 

10% deatroNC 

16 0 

6 40 

19 250 



4 


doilj 

16 2 

6 78 

18 550 

- 

Control 

1 

Normal 


14 5 

CIS 

8 900 

49 


2 

synthetic 


15 0 

6 40 

13 750 

aO 



diet 






2 

Fat m 

1 

Pat freo 

328 C.C 

15 0 

6 41 

14 aOO 

50 

jeetjon 

2 

lou CHO 

10% fat ju 

15 0 

6 54 

13 500 

51 


3 

diet 

10% dextrose 

15 5 

6 73 

13 000 

49 


4 


daily 

16 4 

701 

12 200 

- 

Control 

1 

Normal 


16 0 

6o2 

18 000 

39 


2 

synthetic 


15 8 

6 53 

17 000 

40 



diet 






7 

Fat in 

1 

Pat freo 

o70 c c 

16 0 

6 03 

20 000 

40 

jection 

2 

lou CHO 

10% fat m 

15 5 

6 02 

11 /oO 

40 


3 

diet 

10% dextrose 

16 0 

6 32 

18 000 

43 


4 


daily 

15 2 

6 25 

10 600 

41 

f ontrol 

1 

Normal 


162 

G 79 

IGOOO 

44 


2 

synthetic 


170 

7 76 

12 700 

48 



diet 






8 

iat m 

1 

Fat free 

408 cc 

170 

7 24 

9 300 

4o ) 

jection 

2 

low CHO 

10% fat in 

16 0 

0 56 

7 500 

45 


3 

diet 

10% dextrose 

16 0 

611 

13 350 

45 


4 


doily 

15 5 

0 37 

11 500 

43 

Control 

1 

Normal 


10 S 

7 29 

2o 000 

45 



synthetic 


172 

7 58 

10 450 




diet 






9 

I at in 

1 

Pat free 


172 

7 21 

16 300 

46 

jection 

2 

low CHO 

10% fat in 

17 0 

7 02 

16 250 

45 


3 

diet 

10% dextro l 

16 5 

6 50 

15 000 

42 

. 

4 


daily 

14 0 

0 09 

19 7o0 

41 5 


The total fat Injection for each dOL was as follows Dojj 1 714 Gm Dog 7S Gni 
7 1 308 Gm Dog 8 979 Gm Dog 9 871 Gm 
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Blood chemistry and livei function Theie was no change m total plaana 
protein oi in plasma nonpiotein nitrogen in animals infnsed eitliei withemiil 
sifying agents oi fat emulsion (Tables IX and X) Theie was no evidence oi 
livei damage as judged by the lose bengal clearance test and by serum phos 
phatase determination in eithei gioup of dogs (Tables IX and X) One do; 
(Dog 9) showed a slight elevation of seium phosphatase The uimap albunua 
and sugar tests weie all negative thioughout 


Table IX Effect op Injection op Emulsifying Agents on Liver Fonction, Pusju 

Proteins, and Non protein Nitrogen 







total 

plasma 







PRO 

plasma 


PRO 



AMOUNT GIVEN 

teins 

NPN 

DOG 

CEDI RE 

WEEK 

DIET 

IV 

(gm %) 

(MG %) 

Control 

1 

Normal 





2 

synthetic 


5 51 

27 7 


3 

diet 


5 80 

27 9 

9A 


4 



5 78 

29 0 

Emulsi 

2 

Low CHO 

380 ce 

5 80 

28 2 

fymsr 

4 

diet 

1 % in 10 % 

616 

35 2 

agents 



de\trose daily 



Control 

1 

Normal 


7 30 

30 0 


2 

synthetic 


7 27 

30 3 


3 

diet 


7 39 

32 4 

9B 


4 



7 23 

36 0 

Emulsi 

2 

Low CHO 

415 cc 

6 97 

27 0 

fymg 

4 

diet 

1% in 10% 

7 09 

371 

agents 



dextrose daily 



Control 

1 

Normal 


6 78 

271 


2 

synthetic 


6 90 

321 


3 

diet 


6 65 

28 8 

9C 


4 



734 

33 0 

Emulsi 

2 

Low CHO 

460 c c 

7 05 

25 2 

lying 

agents 

4 

diet 

1% in 10% 
de\trose daily 

7 31 

30 0 


BOSE 

BENGAL 

CLEAR 

\NCE 


100 

107 

100 

109 

113 

119 

109 

109 

106 

119 

126 

113 

100 

106 

109 

115 

118 


SBia 

PHOS 

PEA 

TASE 

a to 
19(1 

’oa 


2/0 

039 

171 

iSs 

ijO 

Ito 


9 00 

9 0) 

959 

2.a3 

U 

11,5 


Post-mortem examination at the end of the four -week injection peW 
dogs infused both with emulsifying agents and fat emulsion 
gloss abnormalities ilicioscopieally, Dogs 9B and 90 showed noinm s 
of livei and kidnev, and no increase m fat deposition in these oigans was 
strated In the fat injected animals, both Dogs 7 and 8 of 

lungs, and no abnoimalities were observed in the liver and kidnei s 
Dog 8 Howevei, in Dog 7 stainable fat granules were present 
and Kupffei cells, especially in the periportal areas In the kidne> 
this dog there was a diffuse, faintly positive fat stain in the cj'top 
distal convoluted tubules No globules of fat were demonstrated m t le ^ j 
The hematoxylin and eosm stamed sections of this kidney leveaiea 
mass of pink maternal compiessmg the glomeruli and occupjnng a 
space withm Bowman’s capsule No smiilai material was found es 
the kidney 
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TAHfE \ 1“ Ft EOT OI- INJECTION 01 F\T IjMULSION ON LUER FuNCTJON PLASM V PkOTUN 

\M» NONIROTEIN NiTttOftV 






1 1 

TOTAL 

PLASifA 

1 

ROSE 

SERUM 



1 WEEK 



PRO 

' PLVsar\ 

BENO \L 

PHOS 


1 PRO 



UIOUNT GIVEN i 

TEINS 

N P N . 

CLEAR 

PHA 

DOG 

' CEDUBE 


DIET 

IV j 

(051%) 

(510%) 

ANCE 

TASE 


Control 

1 

Normal 


5SS 

32 9 

114 

1 70 



0 

synthchc 


_ 

_ 

- 

_ 



3 

diet 


5 64 

32 4 

107 

1 70 

7 

Fat in 

2 

Fat free 

570 c c 

5 64 

34 8 

103 



jection 

4 

low Giro 

10% fat in 

5 06 

26 2 

II7 

2 94 




diet 

10% dextrose 
daih 






Control 

1 

Normal 


59 

13 4 

107 

0 83 



o 

5>ntlietic 


- 

_ 

- 




3 

diet 


0 24 

30 1 

102 

124 

S 

Fat in 

2 

Fat free 

408 cc 

017 

31 8 

106 



joction 

4 

low cno 

10% fat in 

016 

29 2 

10a 

2 29 




diet 

10% dextrose 
dnilv 






Control 

1 

Norm il 


0 12 

2o 7 

115 

2 62 



2 

SiDtlietic 


- 

_ 

- 

- 



3 

diet 


5 78 

26 0 

120 

2 14 

9 

Fat m 

2 

Fat free 

303 c c 

j82 

30 7 

126 

_ 


jection 

4 

low CHO 

10 % fat in 

5 90 

25 7 

113 

4 16 




diet 

10% dextroic 
daily 






— Not determined 



The rate of disappearance of intravenoxishj injected fat The fasting serum 
lipids and the rate of fat disappearance following single and lepeated injec 
tions were also determined Total seium fatty acids cholesterol, and phos 
pholipids were estimated using the methods described for the lymph hpids 
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Two dogs (Dogs Ml and M2) weie given daily intiavenous injections ot 
iat emulsion foi two weeks The amoimt of fat emulsion given vas baseJon 
body weight, as was that foi the dogs iindei nitiogen balance stud), and lb 
geneial stoek diet w'as fed ad libitimi Seium lipids weie deteiiuined dunn^ 
the fiist day and at the end of the fiist and second weeks of injections The 
total fatty acids concentiation of the serum w'as maikedly mcieased duiingut 
injection The inciease declined as soon as the injection was discontinued or 
shoitly theieaftei and letuined to noimal wntliin seventeen haul’s The elciatioa 


Tvble XL Eifect of Repeated Isjectioi«s of Eat Emulsion on Sleum Lipids 


SERUM LIPIDS (MG %) 




TOTVL P\TT\ 

XCIDS 

1 TOT\L CHOLESTEROL I 



i 


E^iD OF 

END OP 


end of 

END OF 


end Of juj' 



FIRST 

1ST WK. 

3rd wk 

FIRST 

1ST WE 

3rd wk 

FIPST 

ISr WK. L ' 


time ot BLOOD 

INJEC 

OP IN 

OP IN 

INJEC 

OP IN- 

OP IN 

INJEC 

or IN 1 0 - 

DOG 

SAAIPLI\G 

nov 

JECTION 

JECTION 

TION 

JECTIOV 

JECTIOV 

TION 

JECTI0\|JS 1 


Before injection 
First hour dur 

bol 

1212 

167 

875 

111 

960 

217 5 
227 5 

208 0 
19b 0 

165 6 
155 2 

390 

376 

2i0 

21)0 '* 


ing injection 
Second hour dur 

2192 

1260 

1132 

230 0 

200 0 

160 0 

115 

2;G “ 

Ml 

mg mjection 
End of injection* 
First hour after 

2111 

1831 

1686 

2006 

1625 

211 0 
247 0 

227 5 
225 0 

165 5 
175 2 

138 

415 

312 > 

OPS J 


mjection 

Second hour 

1122 

806 

1323 

228 0 

214 0 

173 2 

388 

307 '' 


after mjection 
Fourth hour 

765 

519 

857 

200 8 

210 0 

165 6 

329 

307 1" 


after injection 




901 fi 

10K n 

156 0 

329 

2C0_ i~ 

— ■■ ■ -- - 350 


Before injection 

664 

507 

502 

218 8 

250 0 

215 2 

33b 

First hour dur 

1192 

SSO 

828 

192 8 

236 0 

2061 

298 

mg injection 
Second hour dur 

1920 

1121 

1332 

212 0 

211 5 

212 0 

316 

mg mjection 
End of injection* 

2527 

1376 

1502 

228 0 

2b0 5 

222 0 

387 

’\f:> First hour after 

1791 

821 

1409 

226 0 

2115 

228 0 

35 1 

mjeetion 

Second hour 

1577 

635 

1323 

220 0 

2310 

2210 

310 

after injection 
Fouith hour 

1211 

521 

1372 

206 8 

232 0 

212 0 

350 

after injection 
Next momingt 

568 

391 

531 

206 8 

227 5 

199 2 

357 


320 

32s 

370 

302 

3C2 


ii' 

1 1 
L 

U 

lt5 


‘Three to four hours 

t About seventeen hours after pre\iou3 injection Mas discontinueO 
{Phospholipids iveie obtained by multiplying- phosphorus by 25 

of seium jihospliolipids w^hich occiiiied tow’did the end of injection 




but consistent The seinim total cholesteiol demonstiated an the 


blit’'*’ 

_ „ _ niitialfeU 

end of the fiist lioui dining mjeetion, aftei which it wns mcieased ^ 

noimal level oi shghtly above The second fall occuiied 
attei injection was discontmiied The lesiilts aie showm m Table - 
Anothei two animals (Dogs R and H) weie given a single 
tioii of fat emulsion The seium lipid changes weie cm ' 

those of Dogs Ml and M2 AYhen the same animals (Dogs R and m 

a single injection of emulsifymg agents alone (no fat) onlv a shni 
seium lipids occurred (Table XII ) 
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Table ML Coupvrisov op the EptEcr op Tat Emulsion vnd op EiiOLsit\iNQ Vgents on 
SERU st Lipids 




1 FIT EMULSION i 

1 lilLLSiFNISG UIENTS 

BOO 

TlilE OF B1A)0D 
SMXPUNQ 

TOTUj 

FATTr I 
ACIDS 1 

(M0 7o> 1 

TOTVL 
CUOLES 1 
TEROL 1 
(MO%) 1 

PIIOSl uo 
IIPIDSt 
(Mu%) ; 

TOTAJ 1 

FATTY 
VOIDS 

( MO "<■ ) 1 

TOTVL 1 
CHOLES 1 
TFaor 1 
(M0 7o) 1 

PHOSPHO 

LIPIDS 
(MQ %•) 


Before injection 

480 

184 0 

214 

372 

IjS 

230 


First liour during 
injection 

1421 

214 0 

262 

410 

1 >s 

250 

K 

Second hour dur 
mg injection 

2228 

138 2 

>d3 

44Q 

154 

250 

End of injection* 

3071 

210 0 

435 

496 

145 

14 


First liour ifter 
injection 

329S 

236 0 

320 

334 

154 

254 


becond hour after 
injection 

2420 

235 S 

332 

528 

145 

288 


Fourth hour after 
injection 

1073 

goo ^ 

308 

561 

142 

>8(1 


niornmuf 

477 

188 8 

298 

>72 

loS 

241 


Before miection 

702 

261 5 

485 

53 5 

223 5 

328 


First hour during 
mjection 

1481 

240 0 

467 

533 

223 5 

318 

H 

Second hour during 
injection 

1738 

216 8 

385 

)3 

‘^19 0 

330 

End of injection* 

3750 

275 5 

507 

a02 

204 0 

365 


First hour after 
injection 

3544 

314 0 

575 

570 

220 5 

334 


Second hour after 
injection 

2508 

306 5 

562 

588 

202 0 

334 


Fourth hour after 
injection 

]917 

208 0 

475 

5^0 

191 5 

328 


Next niorningf 

088 

260 0 

435 

542 

223 5 

345 


Three to four hours 

one hours after Injection was Olscontinucd. Accident'll feedlnt 
♦ o^PhollplOs wcie obtained by multlpl>ln£r pho^sphorus b> 5 


DISCUSSION 


The emnlsif>ang agent is a prime factor m deteiTOining tlio tolennce of 
an animal for an emulsion FiiitheiTOOic the stability of an emulsion depends 
on the erauhifjnig agent used ^U1 eiiudsifung agents oi stabilizeis (surface 
active agents) arc Hely to be toxic to a ceitain extent Consequently it is 
ttaporlant to i educe the emiilsif\ing agents to the inininial ainoniit tliat ivill 
Ptodiice a stable fat emulsion In the piesent studa the amount of tlie combined 
caiulsifying agents has been leduced to a luiiiiniuin Dextiose nas added foi 
' ’’ osmotic effect and as an aid ui innkiiig the eiimlsioii nioie stable 


lecithin has been used as an cninlsifaing agent in pieiiaiaiig fat email 
“oons bj most inyestigators ' Dunbiiin and Biunscbnag" also used “deni d 14 
0 'iiixtiiie of pohglyceiolestcrs to fulfill this purpose illeKibbiii and asso 
lates foiuid purified soja pbospbatides (^Vsolcctiii) to be the most satis 
“otorj emulsifying agent The toxic effects of fat emulsions used m pievious 
Ijudies have been discussed leccnth Vecoidiiig to the lepoit of Asbba ^ 

opurita of lecithin nia 3 bo a faitoi in i lusiiv those icaetions 
In the earlj pait of the piesent studa Tween 20 lud Span 20 weie used as 
11 S, , injection of these tniulsifjiiig agents pioduccd toxic 


'■mnlsitainq 
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manilebtatioiis which weie mainly due to Tween 20 The toxic manifestations 
mcluded dilatation of blood vessels, fall in blood piessuie, urtieaiia, urmation, 
defecation, and vomiting The mechanism of the pioduction of this gioup of 
leactions is not veil undeistood It is piobable that these leactms are at least 
paitly due to histamine formation in the body, foi they can be pieieiited bi 
subcutaneous injection of epinephiine five to ten minntes piioi to the mjection 
of Tveen 20 Benadijl was also paitialh’" effective in preventing these leactions 
Toxicity of the Tweens has also been sliomi by animal feeding tests by Krantz. ’ 
The Spans can he ingested in compaiablv laige quantities, possessing a 
nutritional value somewhat less than that of neutral fat^®"“ Injection of 0 o 
pei cent Span 20 in 10 per cent dextiose solution at a late of 1 5 ml per minute 
111 a dog weighing 12 kilograms piodueed no toxic effect, and no hematologic 
changes veie demonstrated The emulsifying agents used were Span 20 
Asoleetm (purified so^a phosphatides) , and sodium eholate The injection of 
the emulsifiuig agents oi of the fat emulsion stabilized by the eniulsifnng 
agents produced no fatalities and no apparent toxic effects under the conditions 
of these experiments The appetites of these experimental animals were iin 
affected bv the injections 


Diminution in blood piessuie in expeiimental animals following mtiaveiious 
injection of bile salts has been demonstrated by many mvestigatoi’s H'** 
sodium eholate present in the emidsifjnng agents and fat emulsion failed to 
cause an^ such change Obviously the fall of blood pressure following bile salts 
injection depends on the amount and concentiation given and on the rate o 
injection Pat emulsion injected at 1 5 c c per minute oi 0 125 c c pei kilogwai 
per minute caused no fall of blood piessuie This is due to the fact that the 
injection was gnen slowly vnth a coiupaiatively lo'W concentiation of so nun 
eholate The sodnmi eholate given was piobably eliminated from the ciiculation 
in a shoit peiiod of time 


The cause of the niciease of bile flow was piobably the 
sodium eholate since the eholeietic effect of bile salts is well Icnoivn ’ ^ 

was little change in mine flow, although one might expect some dnnetic e >■ 
even with this amount ot fluid oi dextiose ISfeveitheless it is 
point out that injection of fat emulsion oi of emulsifying agents demons ra 
no haimful effect on the mechanism of mine secretion . 

The increase of lyunph floiv m the various groups of expeiimental 
vas piohahly due to the hj^ pei tome sugar solution in which the fat 
tamed E\en 0 9 pei cent salme by vein oi water by month increased the ■ ^ 

duct lymph flow as shoivn by Watkins and Pulton^® and Crandall and 

The increase of total lipid output and lipid concentration of 
IjTiiph mar simply be due to the lymphagogne effect of these solutions as a 
discussed or to transportation of some of the injected fat to the 
both Eemhaidt and co-voikers®- leeoveied 9 to 20 per cent of the m 
ladiophospholipids in the tlioiauc duet lymph after thiee to six 
mechanism and loute of this tianspoitation are obseme It might he 
directlj' bv way of the blood capillaries —> tissue spaces lymph capi 
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to the lyniph, or indirectly way of the intestine ^\he^e it -would be hydrolyzed 
reabsorbed, lesynthesized, passed into the lacteals and would finally leach the 
thoracic duct Howe\er, the intestinal lacteals never appeared milky in si\ 
dogs duimg injection of fat emulsion which is cMdence against the indiiect 
wav of transportation 

Some of the immediate toxic effects were sali\ation pallor of tongue and 
mucous membranes, vomiting, and defecation, usually produced during the 
injection of fat emulsion and of emulsifjnng agents if the injection was given 
beyond lo ml per minute, especially in those animals ieeei\ing the first injec 
tion On the other hand, some of the animals would not sliow this group of 
reactions e\en if the injection rate was 2 to 2 5 ml per minute Obviously there 
IS individual difference in tolerating the fat emulsion oi emulsifying agents 
The mechanism lesponsible for producing these leactions is not well understood 
Nevertheless the reactions can be presented if the rate of injection is earefullj 
controlled 


Secondary anemia was pioduced following the intiavenous injection of fat 
emulsion in the experimental dogs of Dunham and Brunsehwig ® ilcKibbin and 
associates,®^ and our previous studies^ No im estigatoi’s ha\e discussed the 
cause of such anemia following fat emulsion injection in detail Johnson and 
co-workers” and others” reported the desti-uction of led blood cells after fat 
ingestion In their expeiuneuts thev found that the l>mph of the thoiacic duct 
of dogs fed fat was markedly hemolytic They further showed in animals tliat 
the daily excietion of the degradation pioducts of liemoglobiu was gieatei on 
^ mgh fat diet than on one low in fat The results of Johnson and eo workers^® 
ed Dunham and Brunsehwig® to conclude that the production of secondary 
jnemia m their fat infused dogs was similar to the anemia of the dogs fed a 
nigh fat diet 


In tile present studj, as Tables VII and VIII showed mild anemia was 
produced in Dogs 4A and 4B, the animals injected with emulsifying agents and 
9 one ammal injected -with fat These results may be explained by 
se\eral possibilities 

V itself (present m the purified soya phosphatides used as one 

n t e three emulsifying agents) oi its derivati\e might be the agent causing 
cmoljsis According to Lee and Tsai® approximatelj 17 mg per cent of 
ficit m jii physiologic saline solution is stronglj hemoljtic In the present 
5) 120 rag per kilogiam of sova phosphatides weie given with each injection 
e relatnelj slight increase in the Iipid phosphoius of the plasma during or 
0 owing injection indicates that the injected phosphatides are rapidly removed 
irom the eiiculation 

(2) Sodium cholate used as one of the thiee emulsifjing agents might be 
ar lalh responsible for the anemia observed in thiee animals since it is well 
that bile salts are hemolytic agents®' The minimum concentration of 
cholate in plasma necessary to cause hemolysis both in vivo and m vitro 
The amount of sodium cholate guen (31 5 mg pei kilogram) 
ably would not build up a concentration in the blood stream sufficient to 

^ hemolytic 
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(3) Infection was piobably the main if not the only cause ot anemia iii 
the dogs infused wth emulsifying agent (Dogs 4A and 4B), since tlie reduction 
of hemoglobin and led cell counts and the elevation of white cell counts uere 
coineident with the application of plastic tubing which caused phlebitis at the 
site of injection 

The accumulation of fat in the livei observed in Dog 7 following fatmjec 
tion was not observed in othei expeiimental annuals, including both those given 
emulsifying agents and those leceiving fat The evtent to which the luci con 
tributes to the lemoval of intiavenouslj’- injected fat remains to be studied, but 
it IS leasonable to suppose that this oigan takes up mjeeted fat because of ih 
role in fat metabobsm and as the site of leticulo-endothelial tissue hi Dog! 
the seium phosphatase and dye cleaiance weie not altered, and theie nasno 
sugai 01 albumin detected in the urine throughout the four week injection 
period Theie was no evidence of unpaired livei function other than the mod 
eiate mciease in stamable fat, which suggests some delay in metabolism or 
tianspoit Piobably nnpaiied livei function should be a contiaiiidieation to 


the intravenous injection of fat 

The gam m body weight of Dogs 7, 8, and 9 during the peiiod of fat 
injection was approxunately the same as during the control period, when the 
same number of ealoiies was ingested Such expeimients furnish no direct 
pi oof of fat utilization The numbei of calories fed was in e’vcess of t lat 
leqniied foi niamtenauee inasmuch as a weight gam occuiied This 
was probably due to fat deposition since theie was no endence of edema a 
injected fat was not excreted in the uime oi feces Accordmg to the eipaf* 
mental evidences presented by IMcKibbm and associates,®' injected cocouu oi^ 
was metabolized m the body lathei than stored, as judged bi the lo 


saponification numbers of depot fat i q ft’ 

The piotein-spaiing action of fat is in dispute Foibes an 
found that piotem could he spared by adding laid to the complete i 
fed to then albino lats The evidences of protein spaiiug 
mci eased heat piodiiction, CO, pioduction, O 2 utilization, and decieas ^ 
nitrogen output On the othei hand, Eappoit®^ states that the pio 
action of caibohydiate is twice as great as that of an isodynaniic 
fat The output of creatine falls below the starving level on a ca^^ 
diet, hut uses above it on a fat diet Tims the nitrogen However 

be very dependable in judging the utilization of the uijecte a ^ 

the nitrogen balance duiing the infusion period was ^ siinilaiih o' 

that foi the contiol period while fat was given by mout 1 piove tbaC!'e 

data for peiiods ot ingestion and injection suggests but oes no 


infused fat is utilized as weU as that ingested 

The inciease of seium lipids following fat injection is as 0 |,],p]eatero! 

The relative mciease of the total fatty acids, pliosphohpi , ^ couta"';:'^ 

was largely due to the lelative amount of “ lg,on contained 

m the fat emulsion Accoiding to analysis the ^ ^ and 002» P 

per cent of total fatty acids, 0 475 per cent of phospJioiip 

cent of total cholesterol 
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The complete dis ippeaiame ol the injected fat tioni the lilood atieiiii la 
denionstiated ui tliih cxptrmicnt, took not moie than ■levtiiticii houit and pro!) 
abh requited coiisideiablj leas time as judged bi tlie deeiease that octuiied 
dunng the first four houi-s aftei injection loi esimplc the scium lipids ot 
Dot "tre “Ot fo' fiom the coutiol level foiu lioiiis ittei micction Thesi 
results aie simdai to the pievious lepoits in legaid to the disippcaiancc of tin 
hpcmia following iiitiaienous fat injeetion’ ’ Little and associates” injected 
a patient mtiucnouslj with 1000 ml of ehjlc which lont lined 11 ( m pei 
cent of total lipids The ehjious tat disappcaied tioni tlic hlood (imilitimi 
npidli as indicated be the plasm i lipids dcteimiiiation 


SUMilAKl 


btahk fine fit emulsions wcie piepaied using Span 20 (0 i pei centi 
\solectni (0-1 pei cent), and sodium cholato (0 1 pel edit) as emulsitjnig 
agents homogeiimed with lefiiied hiittei ml (10 per tent) In means ot a high 
pressure 1 iscoluei 

Pat cmulsious (ni fl\e dogs) and emulsiti mg loCiits aloue (m tinet dogs) 
laused no fall m hlood piessure In the same animals nnm and bile sceietmns 
were met cased 

The thoiaeic duct lymph flow iiicieised toilowm^ injection of tit eimilsioii 
emiilsifjmg aoCnts, and 10 pei cent dcstiosc solution Tlie total output ot 
Ijaiiph hpids was increased lollowmg injection of f it emulsion but not lollnwm. 
the emulsifi mg agents 

The dailj intiaieuotis infusion of cmulsilMiig Uncnts to dogs foi foiii 
weeks failed to leieal toxic efteots 

The daily mtiavcnous infusion ol 10 pei cent buttei oil emulsions to dogs 
fed a fat free diet lesulted m furtliei gam in weight and positne nitrogen 
b ihuce similai to that of the coutiol peiiod 

Serum total fattj atids were markedij ineit isi-d folloumg fat uijtptioii 
The mcicase of seimm totU cholesterol and phospliohpids uas comp uatnelv 
slight The serum hpids disappeaied fiom tlie lilood stieam within seseiiteen 
hours aftn mjectioii No appicciable increase ot seium hpids lesuIted following 
lufuslou of emulsifying agents alone 

Histologic esaiiiiiiatioiis of the liiei and kidnei of dogs infused witli tlie 
emulsifimg aoCuts showed iioimal stinetuies Of two fat infused do„s one 
sho\Yed cbsentiall) noiinal lungs livei ind kidnev while tlic otiei sionet 
f raiiulcs 111 the In ei cells 

RtlERtNCEb 
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HEMOPHILIA CUEEBNT THEOEIBS AND SUCCESSFUL MEDIC \L 
JMANAGEMENT IN TEAUMATIC AND SUEGICAL CEISES* 


Claude-Starr Wright, M D , Charles A Do^vn, M D , 
Verne A Dodd, MD , and Jajies D Thojias, MD 
Columbus, Ohio 


I N EEVIEWING the theiapeutic indiiagemeut of toit\-tliiee patients with 
hemophilia obsei'ved oiei the past seventeen yeais iii this Clime, tliiee iiion 
01 less distinct peiiods can be leeogmzed ( 1 ) The fiist iias cliaiacteiizecl b\ tin 
use of a succession of iiouspecifie measures most of which weie aimed towanl 
mci easing the ai ailable ciieulating thiomboplastm These included snake \ciioin, 
ovaiian honiiones, placental extiaets, and foieign piotem sensitization, with 
hoise seium oi egg albumin as antigens ( 2 ) Despite the use of these iiieasim’' 
the continuing necessity foi suppoitive, leplacement blood tiansfusions during 
acute hemophilie bleeding episodes fiiialh led to the lecogmtion that m hole fresh 
blood inoduced the most effective, even though tiansitoij, leduction in the pro- 
longed coagulation time of any measuie then advocated That fiesh or Dozen 
noimal human plasma aie just as effective as whole fiesh blood was demonstrated 
shoitlj theieaftei ( 3 ) Woild Wai II gave a tiemendous impetus to the ehcnn 
cal paitition, isolation, and theiapeutic studj of paiticulai fi actions fioiiiliiiniaii 
and bovme blood plasma As a by-pioduct of these imiioitant icsearches has 
come a so called antdiemophilie fi action of hunian plasma iisheiiug m a tlnrd 
eia 11111011 IS bunging new hope and optmiism not onlj foi the bettei clmiea 
management of hemophilia, but also foi the ultimate solution of the still enii: 
matic pioblem of the pathologic physiology and piecise biochemistii ot tus 
diamatic familial disease entity i 

Many theoiies haie been evohed in the attempt to explain the ahnouna 
coagulation mechanism of hemophilia Most im estigators agiee that the primal 
impediment is in the letaidation of the conveision tune of piothiombm to tlno“ 
bill Calcium and a thiomboplastic substance aie necessary for tins leactiou 
aualj zing the pi ei ailing concepts, common accoi d is attained onh m tlie la ^ 
that theie is a lack of available cii dilating thioinboplastin The dnos^"*-*' 
opinion IS in the souice and/oi legulation of this catalytic or stocchionie ^ 

<igcnt !Main substances hai e been demonstiated to have thiomboplastic ‘a- 

Extiaets ot neaih all animal oigans — biaiii, lung, thjmius, testis, muse D 
diffuse foniicctiic tissue’ — show \ai\ing degiees of this aetiviti 
ot tissue thiomboplastm can be le.idily demonstiated in deteiniiniiig the c 
time in the hemophilic pemon If a clean lenepunctine is not obtainu , <> 
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only minute amounts of tissue juieo to admix uith venous blood a false loveiing 
of tlie coagulation reading results Pioteoljtie enzymes, Eiissell iipei venom, 
saliM,’ and, recently, urinary extracts* penicillin, stieptomjcin’ and the piod 
nets of roentgen radiation* have been shoivn to function diieetly or indirectly as 
thromboplastie agents 

Lj'sed platelets have long been known as one of the most potent souices of 
thromboplastin’ Theiefore mteicst foi many yen’s has been focused on the 
possible functional abnormality oi inadequacy of hcmopluhc platelets Houell 
and Cekada' supported this concept, citing the obscivation that platelets from 
the henioplulic person fail to agolutinate leadily in iitio and appeal to lesist 
prompt disintegration, theieby delaynug piesumably the liberation of then 
known thromboplastie content iiith a lesnltaiit inolongition of blood coagulation 
Bnnkhous’ has recently presented data suggesting that a plasma factoi is in 
volvcd m the iclease of tluomboplastin fiom platelets a f ictoi deficient in the 
hemophihc patient Quick,* howcaer, indicates that the hcmopluhc delect maa 
be due to the lack of a thromboplastin precui'soi which is quantitatia ela adc 
quate m normal blood and is actiaatcd to thromhoplastiii ba an enzvme from 
lysed platelets 

Ferguson hypothesizes that hemophilia is due to a deficiency in aaailablc 
trypsin, which according to his enzyane thcoiy of coagulation is uecessan foi 
the conaersion of prothrombin to thrombin It has been adequately demon 
strated that trvpsin both in anvo and in vitio anil shoitcn the clotting time of 
hemophihc blood, albeit m viao it is a lathei hazardous procedure ” 

As the cause of delayed blood coagulation in the hemophilic peison and ui 
eontrast to the theoiy of thromboplastin deficiency Tocantins’ ” aseiibes this 
phenomenon to an excess of circulating anticoagulant, so called anticephahn an 
antithromboplastic substance In support of these conclusions he has ac 
enmnlated a series of avell controlled expeimients 

Another of the hypotheses based on the lack of an essential Liiculating 
'Coagulation factor has evolved fi om the well knoivn fact all eady stated, that 
•he administration of fresh whole blood or plasma fiom a normal peison will 
™orten the coagulation time in the hemophihc pemon whereas plasma oi blood 
from another hemophihc patient is ineffective Studies oier the past eleien 
jears at the Thorndyke Memorial Lahoiatoiy have resulted in the sepaiation of 
e globulin from normal plasma capable of accelerating clot formation m the 
hmophilio subject ” Under the direction of Di Edwin J Cohn* and as put 
" the war research plasma fiaetionatiou piogiain, whole human plasma was 
ou a physiochemical basis into five nnjoi poitions” The antiheino 

Propeity was found to be most potent m fiaction I wliith also contains 
nnogen Fraction I separated fiom hemophihc plasma has been shown to be 
“'king ui this specific activity’'’ This antihemophilic fiaction now has been 
prepared from surplus pooledt blood plasma m sufficient quantities foi clinical 
«'aluation and repoits of the therapeutic effeetiieness of this fraction aie begin 

to aeeiunulate ” ” 

Ot the Department of Physical Chunlstrj Hareard Sfedlcal School Boat in yiat 
the American National Red Cross 
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CLINICAL STUDIES 


Upon the demobilization ol the Civilian Defense Piogiam asuppl 3 '-of li'ozen 
human plasma was placed at oui disposal for investigative pui poses Thejeiion 
pooled units of 250 e c each were prepaied by the piompt sepaiation oi all 
cellular elements, followed by rapid fieezing of the whole plasma mtliui a ie« 
liouis aftei blood -withdiawal fioni the donoi aecoiding to the technique of 
Stnunia, McGiaw, and Eeichel “■* In the fiozen state the antihemophilic activitv 
of noimal human plasma lemains potent indefinitely and is leadily mailable 
on rapid thawing in a watei bath at 37° C , thus piovidmg a comenient ami 
effective therapeutic supply of the antihemophilic piineiple Lyophilized plasma 
prepared -within a feiv houis after withdrawal fiom the donoi has been reporh-J 
to be as effective as the oiigmal plasma Tins activity of thawed plasma, how 
evei, dunmishes rapidly aftei several days’ storage at 4° 0 Tliis loss of anti 
hemophilic actiwty duimg storage oi plasma in the liquid state has been re 
ported bv other's Similar rapid diminution of the aiitihemophihc pmciple 
has been obsei-ved in -vivo, the activity lasting a ma-simum of not more than 
seventy- two houi-s, ii respective of the amount given The duration of actmtv 
above ceitain amounts appears to be exponential-® (This of course vanes mtb 
the degree of the coagulation defect in the individual patient On the basis oi 
repeated obsenations m severe hemophilic subjects, the maximum duiation or 
effect usualh can be obtamed with 50 to 100 c c of fresh plasma or restore 
fiozen plasma ) , 

Studies with the concentrated antihemophilic fraction of Cohnneieinitiatw 
111 this Clinic eaih’’ in 1946 when material for clinical studies was made auu 
able Certain selected cases from oui clinical studies are presented to d us raj 
(1) the comparative effectiveness of the antihemophilic fraction I of 
fleshly thawed plasma in promoting clot formation and (2) the possii r 
successful medical management of the hemophilic patient dining botli e ec 
and emeigeiicj’^ surgery 


Tlia Anhliemophihc Activity of Plasma Fraction I — ^ (^,, 1.3 

Casl 1 — (Fig 1 ) At the time when the first supplies of plasma [joie 

were reteived, ive were studying the effect of varjang amounts of freahh 


plasma on a 17 year old hemophilic subject (Patient LB) who had 


been atlnnileil w' 


treatment of a large ulcerating lesion on the posterior surface of the right ^,4 

by the sloughing of a massiye spontaneous intramuscular hemorrhage 
fore The comparatiye studies of plasma fraction I and freshly thane 
plasma are graphed in Pig 1 pi. 

The intrayenous administration ot 50 c c of freshly thaued (at ai ; ^ ^ 

brought an immediate fall in the coagulation timet to normal values, a ile 

tamed for twenty four hours Sixtj hours later the coagulition time ha ^r^ proa a’ 

prolonged base line values Two units of fraction I (equivalent to 0 4 itr i 

dissolved in 10 c c of distilled vv iter, were injected intr iv enouslj over i ^ j.„,rec-i 
This reduced the coagulation time to norm il but held for less than four 
idniinistered intrav enouslv approMinated the activity of 50 cc of thuvvi 

1 I he MtJIc' 

•ThroU!,h the courteaj of Dr [xiuis Diamond ind latei throu„n 


ot vv 




Committee Vmerican Xational Red Cross c - 

tCoaguIation times \\crc determined in the follouJnff ilit 

aspirated into a drj svringe noting the time the h*'jod flrj>t eiu^^l^ ^ 1 


ere a*,»4. nuLtHo me VHV4- w' 

cubic centimeter ^as then ejected into each of three dr\ test tuous 
diameter the fourth cubic centimeter was discarded The first anu 
at intervals for clot form ition Coagulation of the third tube 
polnL (Vormal 10 to 30 minutes) 


luoi-o f Hiiv <-^7 „ 
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It of some interest that, m u number of instances in which a atud\ was made of this 
type of single injection titration, the coagulation time rebounded to higher than the 
onginal base line levels, producing n biplmsic cur\o 

Case 2 — (Fig 2) M S, a S^carold boy, Iiad received freshly thawed frozen 
plasma and whole blood nt frequent intervals over two and one venr years for the control 


07575 LEio’A^edirvfS HEMOPHILIA 



^ Cojuparativg effectiveness of plusnm fraction l of Cohn against restored 

irozen plasma In tho control of the coagulation defect In hemophilia 



■he neck "^be rapidly progressing hemorrhage Into the subcutaneous tissues of 

>!asma bj Uie control of the prolonged coagulation time with intravenous 

as wii) ^ ‘^^hn Two da>s later transfusion of fresh whole blood alleviated the 

•«ecU\enesq rtf « the maintenance of a normal coagulation time. Note comparative 

Plasma re 3 uit?« > of Plasma fraction I of Cohn 10 **0 and oO c.c. of restored frozen 

“Atj six hour* control of the coagulation time for sixty three twenty four thirt>-one and 
luanuties of rA*/®^bectlvely The duration of effective control of the coagulation time with 
restored frozen plasma greater than 50 cc. Is apparently exponentlaL 
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of recurrent spontaneous hemorrhages A maternal first cousin and great uncle were known 
hemophilic patients This admission, the ninth, was precipitated by injuries to the nght 
ankle and the left posterior cervical region resulting in the marked subcutaneous ecchuno'cs 
which had been progressive over the three days preceding hospitalization There was a 
marked hematoma involving the entire left side of the neck, measuring about 13 cm. in 
diameter and extending from the surface plane of the neck approximately 8 cm , resulting 
in a fixation of the neck and head to the right Fcchjmoses were scattered over the 
entire body and extremities 

The initial coagulation time was 50 minutes Cohn’s fraction I, 0 2 Gm intravenoiislv, 
brought about an immediate lowering of the coagulation time to 13 minutes To ameliorate 
the seveie posthemorrhagic anemia, the patient was given a transfusion of 500 cc of fresh 
whole blood, thus low enng the coagulation time from 32 to 8 minutes, normal coagulation 
being maintained for over sixty five hours A rebound to o\ er four hours was corrected 
with 0 1 Gm of Cohn ’s fraction I Additional titration studies w ith increasing amounts of 
freshly thawed frozen plasma continued to maintain the coagulation time witlun the range 
of normality Clinically there was clearing of the cerv ical hematoma to the extent that at 
the time of discharge there was only a small resolving surface eclijniotic area remaining 


The lelease of an inei eased quantity of antiheinophibc globulin* is alloiving 
cuiientlj a more extensive clinical ev’aluation in a nunibei of clinics The excel 
lent lesponses obtained dm mg acute hemorihagie ciises in this as well as other 
clinics IS encouiagmg 


Suigeiy and the HemophiLtc Patient — Only m the last few yeaish^eien 
minoi suigeiy m the hemophdie patient been undei taken without feai andtrepi 
dation With a cleaiei undei standing of the coagulation defect and wit mae 
rials available foi eontiol, it is now possible to accomplish successfully aiajor 
suigical pioeeduies Two illnstiative case studies aie piesented 


Case 3 — (Figs 3 aud 4) A H, a 24 year old Mennonite farmer, an 

emergency room of University Hospital apparently uninjured superficially o “ 
automobile accident Two companions appeared to be more seriously injure 
ate attention was shown them The attending surgeon (V AD ), however, no 
den development of diaphoresis and pallor in the first man and upon furt er J 
elicited complaints of increasing weakness and pain in the upper left a omi^ ^ 
Examination revealed a small, superfiv/ial, bruised area at the costal surgfou 


men, and a state of imminent constitutional shock The patient then . 


1 for 'everal 


that he and other male members of his family had been under our observa ion 
years for hemophilia A tentative diagnosis of traumatic rupture of Emef 

plasma transfusions w ere started immediately and simultaneously m o ^ gmall 

gency surgical exploration revealed an abdomen full of free blood, its 
laceration at the inferior pole on the posterior surface of the spleen Sp ence 
cessfullj accomplished and during the first twenty five hours the patient rec jar 

of plasma (3,500 c c ) and 4 units of whole blood (2,000 c c ) On the treinenil*’*' 

the coagulation time was 6 minutes By the third hospital day, despi e ^^^y,g jboui 
quantities of borrowed blood and plasma, it had increased to 50 minutes, da’'*' 

the incision resulted in the loss of approximately 500 c c of blood maintaei 

transfusions of whole blood and/or fresh plasma were given, admimstere blee<^? 

the coagulation index at all times under 30 minutes Control of the 
during the remaining period of convalescence was satisfactory and no 


nJ 


tions developed paternal gw 

The genealogic history (Fig 4) revealed that both maternal a bad ten 

fathers of the patient had been hemophilic On the maternal side e 

•Bj the Blood and Blood Substitutes Committee of the American Na 
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0^29 AHd* A?ed 24vr5 l^wer^enc^ splenectomy f:r pcittraumdtic rupture 



“0 to trau^ know a hemophilia flvo of whom had died from fatal liemorrhage seeoud 
The tonsilicctomj leg ulcer and tooth extraction respectuelr 

month three month intervals after the splenectomy tlnrtj 

^^Pcrienced* showed a \ncillatxng congnlation time of from to 55 minutes He 

further clinical difficulty referable to the hemophilia and at the time of 
e 'vas in excellent health 
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Case 4— (Fig 5) G F, -x 2lj tr old wluto man, Lad cxpcricuctd be\ere alveolar pain 
for eiglit months preceding his first admission to University Hospital The patient had con 
suited several dentists for extraction of tlio disca ed teeth but had been refused attention due 
to a seiero hemophilic diathesis winch had resulted xa recurrent crippling hemarthroses since 
hi3 fifth year of age Profu<5e bleeding followed a tooth extraction at tho age of 8 years 
The alveolar pam was so soicre and constant that for four months tlie patient had required 
Dilaudid, 4 mg eicry four liours Tho initial coagulation time on admission was 125 minutes 
Coagulation studies were made o\or a forty eight hour period proliiuiuiry to dental surgery 
Comparatively frequent doses of freshh thawed frozen plasma were ntccssary to bring and 
keep tlio coagulation time within or ne ir the range of normality Determinations of the 
coagulation tune were made three times dail\ and whenever values were on the upward trend 
additional plasma was administered On llic third hospital day, after receiving 2 j0 cc of 
phama preopcmtively, extensive dental surgery* was nccomphshcd Tlio extraction required 
removal of a moderate amount of os ecus mandibul ir ti sue 1 racticalU no hemorrliago oc 
corred during tho operative procedure Tlirou^hout convalescence only minimal oozing from 
the operative site, normal for tho degree and extent ot the surgerv was evident 



4 V forty elglit hour control stud> pr ceding aurgerv indicated tho ex 
0^ fhe coagulation defect to restored frozen plasma Extensive dental surgerj 
extract an Impacted molar tooth Operative and postoperative bleeding was 
, Therap> continued for eight days Two davs after discliarge trauma to granulaUng 
tlonni requiring rcadmisston Coagulation time was 4* minutes. Addl 

* plasma thcrap> controlled liemorrlmge satisfactorilv 


Riffid control of the coagulation niechanisDi was continued for six days postopera 
Up to tho time of discharge there was no hemorrhage Two days later tho patient 
madvertontly traumatized the oiul granulating surface it tho site of extraction with 
resultant profuse bleeding Upon readniission the coagulation time was 45 minutes Ad 
^mistration of freshly thawed frozen plasma again satisfactonly controlled the hemor 
r age and convalescence was completed without further complications The patiout has 
®*nce had another tooth extraction which was successfully managed under a similar regime 


DISCUSSION 

Why does the hemophilic peison bleed? Is it an inherent meieased stability 
“I the platelets? Is it an excess of an antithrouihoplastic substance? Is it a 
tij-psm, 111 1 tbiomboplastic piceui-soi, in antihemopbilic globulin? 

Uj Dr Harrj D Spaneenberff Jr 
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IMost ot the evidence in suppoit of these hypotheses adds up to a post hoc, ergo 
pwptei hoc oidei of leasomng, and in examinuig one -without eonsidciation of 
the otheis, each is piesented -with convincing evidence and a good case is made 
The ultimate solution niaj veil lepiesent a compioniise between the presently 
held indn idual hypotheses 

The diagnosis of tiue hemophilia not infiequently piesents a leal problem 
The classic ciiteiia include (1) a famdial histoiy of the symptoms of lierao- 
phiha, (2) a peraoual histoii of moie oi less difficulty m contiolhngheraoiibage, 
especially follo-wing tiauina, and (3) the demonstiation of a piolonged coagiila 
tion time of -venous blood Recenth the demonstiable shoiteiimg of the coagu 
lation time aftei paienteial admmistiation of one of the antihemophilic globulin 
containing substances has proved to be a valuable confiimatoiy therapeutic test 
Stiange as it ma-v seem, the diffeienti.il diagnosis of hemophiha fioin other 
hemoiihagie diatheses, as foi example thiomhoeytopenic piiipuia oi hypopro 
thiombinemia, is not alwa-vs immediately possible in an individual who is in a 
clmical 1 emission at the time ot examination Vacillations in the clinical mam 
festations of eithei puipiiia oi hemophilia leflect differences m the seveiih of 
the thiomhocy topenia oi the dcgiee of piolongation of the coagulation time, 
respeetiveh', from time to time (Pig 3) A senes of labor atoiv studies over a 
period of da-vs, oi even months, is occasionally necessaiy to establish a diagnosis 
This t-vTie of stud-v was neeessaiv in a young physician who had experienceu 
lecuiient hemoiihagie episodes since infancy A maternal uncle had been a 
bleeder Both hemophilia and puipiua had been clinically diagnosed at different 
tunes and ui different clinics, though all previous coagulation studies had fai c 
to show any abnormality and the platelets always had been found to be adetiua o 
in niimliei Tt vas necessaiy to make serial daily studies of all 
codgTilation mechanism on only twm of five consecutive days was a 
coagulation time found upon winch to establish a hemophihc diathesH n 
months later an acute appendix was successfully removed under a 
rigid coagulation time control A similar study over a six month peum' 
lecenth necessaiy in an S-yeai-old youth to estabhsh a leciiiient thiom oev^ 
topenia as the definitive cause ot liemoiihagic difficulties lathei than a ^ 
diagnosed hemophilia It is impo) tant that these fluctuations in the 
toi s of the coagulation mechanism fiom time to time he i ecognizcd, so i 
the specific ahnonnality oi defect is not cleaily defined and appai^^^ 
single examination, repented studies, paiticulaily at the time of tccuiio 
symptoms, will he made lj]„ 

A rational approach to the successful therapeutic management of hca 
must include three av enues first, the use ot specific therapeutic agents to p^ 
coagulation of the blood per se, second, the institution of a prevention an 
ance program through training the child with hemophilia m eaih Inc 
himself to and accept the various limitations enforced by the disease, 
intelligent utilization of the plivsieal therapist in over coming the o 
frequently crippling hemaithioses 

Control of acute hemoiihage in the hemophilic iieison is 
two angles prompt paienteial theiapv in maintaining a noima eo.,. 
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tune foi the duiation of tlio cmcigenc>, and tlic local application of hemostatic 
agents ^\he^e mdicatcd and -when possible 

The actue antihemopluhc punciple pieseut in uonheniophihc blood is pic 
sened onl} undci ceitaiu conditions The actuity dctenoiatcs lapidlj undei 
most m vitio conditions, tlieieforc iiliole blood oi plasma ouh ^\hen relatnelj 
fresh is effective The congrilation piomotmg activity ma\ be piosei\ed bj 
freezmg or Ijophilizing plasma withm a few limu*s aftci withdiawal fiom the 
donor Restitution of fiozcu plasma lecimies rapid thawing in a watei bath at 
37®, otherwise deuatuiation of the plasma pioteins mav occiu with pieeipitati 
formation Both piopeily piepared fiozeu plasma and hophilized plasm i 
provide excellent peimaneiit, leadily i\ailable sources of antihemophilic 
substance The conceiitiated unit of powdeied plasma fiactiou I of Cohn is 
reliquefied with distilled water and has a piotein eqiimlent of 60 to 75 c c 
of phsma, with an antihemophilic aetnitj of ten to fifteen times the com 
parable lolurae of plasma from which it came ** The fi action wah piepaied 
from blood which had been held as long as se\entytwo hours befoie the 
separation of the cells and plasma had been accomplished Greater potency 
would probably be obtained from ficsli plasma pieseived in the fiozen state 
until fractionation Intiavcnoiis oi mtiomanow admimstiation has pioved 
to he moie rebable lu reducing the coagulation time than admmistiation b> 
the intramuscular route 

The seventy of the hemophilia governs the quantity and frequenej of 
antihemophilic substauce If there is evidence of appieciable blood loss fresh 
whole blood will provide not only the antihemophilic substance but also leplace 
the loss in red blood cells (see Fig 2) Fiftj cubic centnneteis of fresh, le 
stored fiozen oi lyophilized plasma intiavenously usually will maintain the 
coagulation time in a moderately seveie hemophilic condition within safe 
hnntg for about twenty foui houis One unit of Cohn*s plasma fraction I 
(equivalent to 0 2 Gm piotein) will accomplish the same for from three to 
hours In the hemophilic child the intravenous administration of 
these mateiials fiequeutlj presents a leal pioblem when most of the available 
^eins have been obliteiated by numeious previous venoclyses The intratibial 
or mtrasternal loutes have proved fo be quite satisfactoi*y in these instances 
A single venoclysis is geneially all that is necessary for the immediate 
^outiol of an acute hemoiihagic episode, for it is actually only necessary foi 
the coagulation time to remain withm iioimal values sufficiently long foi a 
‘-oagulum to foini withiu the lumen of the hemoirhagnig vessels In the sur 
RicA patient it is advisable to have fiequent determinations of the coagulation 
hme piefeial)]y thiee times daily In the piesence of ascending values 
P'^ceeding the upper limits of noimal, further theiapy for reducnig the 
•coagulation time is at once indicated (see Figs 3 and 5) Two to thiee days 
of the lelative ease or difficulty of control of the coagulation mechanism 
the individual patient is desnablc pielmmaiy to elective surgerj Post 
operative control is continued foi fiom two to ten days depending on the 
‘’Cventy of the hemophilia and the extent of the suigery 
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In most instances paienteial contiol ot the coagnldtion detect will sufiice 
Howevei it is fiequenth desiiable as an additional piecautionary measme to 
employ local hemostatic agents at the opeiative site Pibiin foam and thrombin 
have pioved most effective In the past, eleetioeauterization, gelatin, 0x7 
cellulose, placental globulin, epinepliiine, vipei venom, muscle extiacts, and 
globulin fiom human, boxnne, labbit and swine souices in addition to mechanical 
pressuie aids have been used with vaiying degiees of success 


The laie development of a lefiactoimess in the loweiing of the coagulation 
tune by fiesh whole blood, plasma, 01 the plasma fi action I of Cohn after 
repeated admmistiations has been obseived This phenomenon has not been 
observed in tlus Clinic Model ate fluctuations m the coagulation defect aie the 


rule when indiMdual cases aie followed over long peiiods Depending on the 
theoiA of the pathologic physiology to which one subsciibes, this may be due 
to a vacillating quantitv of antihemoplulic globulin, anticephabn, thiomboplastic 
piecuisoi, 01 11*3 psin It is conceivable that accentuations of these normal flue 
tuations maj plax’’ an important lole m the lefi actor y states The demonstration 
of an anticoagulant associated with the plasma globtdm has been reported in 
several instances That the developmg anticoagulant was an antibodv an 
inhibited 01 tied up the antihemopluhe globulin by means of an antigen antibo ' 
reaction has been pioposed by Lawience and Ciaddoek^^ Tayloi^° and asso- 
ciates have obseived a lefiactoiy state develop in a patient who had previous' 
responded to fresh whole blood, plasma, and tlie plasma fraction I of Co^^ 
Compaiatively massive amounts of plasma fraction I of Cohn (10 Gm) an 
fresh plasma failed to effect significantly the piolonged coagulation tmie 
when the gieatei pait of the ciiculating blood had been replaced by h® n 
blood was noimal coagulation again achieved A similar massive leplacemeii 
the ciieidating blood vokmie is illustiated in oui Case 3 (Fig 3 ) 

The age lange of the foitv-tluee hemophilic patients at the tmie t e} ' 
first seen in this Clime is indicated in Table I Fifteen of this group, or 



pel cent, were between 3 and 10 yeais of age This age group P^ 
highest mcidence of lepeated hospitalizations foi acute 
The coagulation defect does not appeal to be more severe at this age, 
physical hypeiactivity and an immatuiity of perception make t e 
subject to incidental and accidental trauma with initiation of hemoir 
potential hazards can be oveicome by the establishment of an ea 
program aimed towaid the patient’s undeistanding of and a of tbe 

physical limitations Through the close collaboration and coopei 
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physician, medical social ivoikei, parents iiid school authoiities, it is usually 
possible to compromise on an outline of icstiicted actnity which iviU allow the 
patient a relativelj normal childiiood while minimizmg the frequency of acute 
hemorrhagic episodes and thus a’v oidiiig the invalid personalitj^ that is frequently 
seen m these patients The se\eiit\ of the disease, of eouise all too frequently 
dictates its own enforced limitations 

Elo\en patients oi 25 5 pei cent of the gioup had e\peiienced lepeated 
hemarthioses which had left \ aiding degiccs of disability The seventj of the 
residua frequentlj totall} incapacitated tlie patient A progiam in conjunction 
luth the physical theiapist and oithopedist will often pio\ide an opportunity 
to ^^*®ve an othennse permanent disnbilit\ In a joint m winch theie has been 
fresh hemorrhage it is possible to aspiiate the iinelotted blood after contiol of 
t e coagulation time has been effected with the paienteial use of antihemophilic 
flocnts Physical thciipj is admmistcicd in both the fiesh and old arthroses 
only ishen and as the coagulation time is nnintamed within normal limits The 
contiol of the coagulation time is nnintamed ns outlined for the suigical patient 

CONCLUSIONS 

Control of the piolonged coagulation time m the hemophilic patient man 
e effected by the intia%enous or intianiaiiow administiatiou of (1) fresh whole 
00 or plasma, (2) reconstituted fiozcn oi Ijophilized plasma that has been 
processed inimediatelj aftei ivithdiawal fiom the donor or (3) the recentlj 
separated plasma fraction I of Cohn a potent antihemophilic substance in our 
experience 

The temporary t orrectioii of the coat,ulatiou defect ivith any of these sub 
s ances permits m the individual patient with hemophilia both emeigenc> and 
elective surgical procedures ^vith relative safety 

Physical therapy and carefulh contiolled orthopedic proceduies may be 
successfully utilized in allcMatuig the fiequently occurring hemarthroses when 
0 coagulation time is maintained ivithiu noimal values 
tion ^ of a guidance and prevention program through the coopeia 

on of the phjsician, medical social worker parents and school authorities will 
m assisting the hemophilic child to better adapt himself to the limitations 
enforced by his inherited disease 
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E\PERBIENT 4X1 STUDY OP THE COJIPARATIVC ACTION OP 

hepjVrin *vnd dicuaiarol on the in a’^ivo clot 

Leo Loe^\ f, il D , Edw mo Hirsch AI D , D v\ id JI Or zel AI D 
VND Florence ICvshdin AB 
Broorlw N Y 

INATA^O Cipeiimeuti tonceimng the action of hepiiin on the piefonned leii 
ous dot haie deinonstiated its dual action ot causing the dissolution of an 
earlj thionibus and of stimulating an adequate eoUatcial laseiilii bj pass to a 
lem occluded ha an organizing clot ' In mow ot the e\tensiae use of (licumaiol 
in leno^ thromhoembohe disease, it «as deemed advisable to investigate the 
action of dieuniaiol iiiidei similai evpciinicntal conditions The piiipose of this 
commumeatiou is to lecoid the icsults of this compaiatiae study and to sum 
manze the litei atiire pei tiiient to the subject 

ilETHODS 

^ thrombosis has Ixcn obtained by numerous chemical and nipchamcal 

statishcfll \ complctclj rcbablc as to allow for a conclusive 

intraluminni c lu * 1 .^ ^ ^ sodium ncinolcateo and crushing of Uio vein over an 

Tha introi^niaf* ^ 3tretclung of tho vein^ have not proved satisfactory m our hands 

Prooer er-iinnl*^^ ° extraneous factor lu a chcmicilh induced thrombosis complicates the 
aeana of ^ anticoagulant to be tested so that wo have resorted to a mechanical 

The formation which produced consistent and predictable results 

foHomn^ subsequent elaboration of a thrombus depends on any or all of the 

amounts of thrombok'^^*'^^ I'lood, injun to tho mtima, local release of relativel} large 

AduU^°hh *^**^^^ ^**'^^*' reported elsewhcres and 13 as follows 

exposed 1 ''“eighing three kilograms are anesthetized wth ether The jugular veins 
vem is proximal portions securelj ligated A\ath silk The distal portion of 

*1*0 handle f ^ narrow strip of metal and firmly struck tiventy to thirty times with 

^ible clot IS ^ In about two minutes after bleeding has ceased a palpable and 

formation 1 v ^ ^ clotting docs not occur, the procedure is repeated Thrombus 

the m viv« occurs with this procedure and tho clot itself is indistinguishable from 

clot seen m aseptic thrombophlebitis 

The effected by means of tlio heimrm/Pitkm Menstruum preparation.o n* 

***0 release u gelatin base medium wluch was designed to regulate and retard 

^mounts of 1*^ ^uter soluble drugs incorporated within it The preparation inth varying 
rc'iults The^^f keen used extensivelj on liuman subjects with consistently satisfactory 

'^olajed the^ ormulas employed in our experiments contained vasoconstrictors which further 
**33 varied heparin and prolonged the effect of a single dose The dosage 

Soverned s heparin given every two to three days Tho amount Avas 

fuBes the ^ ^ coagulation time which was maintained at not le'is than three to four 

Method 12 level The coagulation time was determined by tho Lee Win te Howell 

ofhepanni previous studies we have found that rabbits react uniformly to the action 

I^icoma 1 ° have encountered no heparin resistant rabbits 

bas Linh admmistered by both the oral and parenteral routes We have foxmd 

an associates, that rabbits vary in their re3pon<»e to oral dicumarol but that all 
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rabbits respond to tlie intravenous administiation of the disodium salt of dicumaroU^.u 
However, we have noted that, contrary to the observations of Link, rabbits orally dicumarol 
sensitive occasionally change in sensitivity so that the intravenous route becomes obligatorr 
Dicumarol was given orally in 6 mg doses The disodium salt was prepared according to the 
procedure of Linki-* and was admmistered in 12 mg doses The dosage and the intirral 
between doses was governed essentially by the daily prothrombm tune Dicumarohzed aniinaL' 
were fed a diet low in ascorbic acid which has been shoivn to be an antagonist of dicumarol' 
In our early experiments, excessive doses of dicumarol caused loss of animals through coma, 
convulsions, and death These toxic mamfestations agree with the recorded data on the 
toxicity of this drug 10 is In no instance have we noted death due to hemorrhage, poauU' 
because of a careful regard for the protlirombin time 

Prothromiin Time — Prothrombin time was determined on the dilute plasma by the Liii 
modificationin of Quick’s method -o Fresh thromboplastin was used daily Prothrombm tunes 
were recorded only when two successive determinations agreed watlun the arbitrary limits of 
5 per cent Sufficient dicumarol was given to maintain the prothrombm tune aboro one and 
one half times normal, as measured in seconds 

Scope of the Experiment — Thrombosis w is induced as described previously On the 
mnth and fourteenth days after the induction of thrombosis, heparin or dicumarol was admui 
istered to alternate animals, respectively Sufficient amounts of anticoagulant were given 
mamtain either the coagulation time or the prothrombin time well above clinicall) accep 
limits Anticoagulants were administered for tw o w eeks This arbitrary limit was set by our 
previous experiments! with heparin in which it was shown that the maxamum effect was o ain 
able within that period At the completion of this period the amnials wen, aneatlietiz 
ether, the veins were mspected, photographed in situ, and sections were taken for micrO'C 
exammation There was no need to obtain control animals since our previous evperim ^ ^ 
have yielded controls for all periods up to thirty days after the induction of tlirom 


RESULTS 

The scope and lesults of the expeiiment aie seen m Tables I and II 
From Table I (anticoagulant theiapy staited nine daj’S after 
thiombosis) it may be seen that of the six veins hepaiinized foi two wee , 
were patent (Fig 1) and two Aveie occluded (Fig 2), while in a sinii ai a 
of dicumai olized veins, two weie patent (Fig 3) and foiii weie oec u 
4) AU of the control veins iveie occluded The visible coUateial system ap 
to be gieatei in the hepaiinized senes 


Table I Pourtlln Days of Anticoagulation Therapy St^iVRTED NI^E D!' 

Induction op Thrombosis 

- - — - - - 

I X UMBER OF VEINS | PATENT | OCCLUDED !_ 

Heparm 6 4 2 + to 

Dicumarol 6 2 “t 0 to + 

fa 0 '■ 


Controls 


Table II Fourteen Days of Anticoagulant 't'heriVpy Stvrted 

Induction op Thrombosis 


FOUFTEEN DAVSAnET 


Heparin 

Dicumarol 


Controls 


NUMBER OF 

VEINS 

PATENT 

8 

G 

8 

2 Patent 


2 (Extensive 


recanalization) 

8 

0 
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'> lr>^h 




rC' ""^4vV/>j' ' 

^ iS^ ^ J5 

a ti _ ‘’'T "'/■a^^^.J^y^jJ^i t^l* X^3 j 



B n,^!? L-— Rabbit 40B nine da>a after thrombosis fourteen da>s of heparin The lumen 
i<80)^^'^ SDd empty Tho Internal elastic membrane Is nell defined. (Clastic 'an Gleson 



'> aliSft SIC nine dajs alter thrombosis fourteen days of heparin. The lumen 

plliu. h „.?"!?’*•*>> Oiled with an organized thrombus ,1 porUon of the original lumen rt^ 
Part does not represent recanallzatlon but the original lumen now formed 

oy endothelial lined thrombus (Elastic von Gleson x80 ) 





‘ ‘ " " - " The 

4 —Rabbit 62 nine days after thrombosis fourteen ° gti'/i^'pres'-hj^ h 

is occluded by a tlirombus in which areas of sludge formation are jj Uir^ “ 

organization is present at one margin. Despite the age of the ^„^«rpcon ^ 
presents all the characteristics of an early thrombus. (Elastic ^an tiie^’ 
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" XI 0 ) einptj Tlie internal cIh tlca is nurkeillj fragmented (Elastic \an 
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Fiom Table II (antKoa<>ulant theiapj stalled tom teen dais atlei inJiu 
lion of thiomliosis) it is evident tli.it ol eii^lit liepaiinized \eiiis, six veie patent 
imcioscopicallv (Fn> 5 ) and two showed extensile lecaiiahzation Ol eight 
duiimaiolized leins, two weie patent (Fig 6 ), two showed extensive lecaiial 
i/ation, xvliile lorn w'lic occluded These last tom weie considered occludeJ 
although thex denionstiated lecanalization The lecanalizatioii was, liowcicr, 
snnilai in extent to that ot the contiol veins The luninia ot all the patent \em^ 
weie maikedh naiiowed and showed consideiable subintinial pioliferatioii HI 
vessels appealed to be oeeluded on gioss inspection, patenev being establislicil 
bv niieioseopic section The eollateials vveie tai gieatei ni size and number in 
the bepaimized giou]i 

DISCUSSION 

The lesults which v\e have lecoided lepiesent the inevitable continuation 
ot 0111 investigations into the phvsiologv ot the anticoagulants It would seem 
piopei at this point to leview the expeiiniental woik on this subject since such 
an histone suivev levcals hoiizons not oicliiiaiilj peiceptible to the woiker in 
such a iiaiiow field 


UtiHnni — With the ilis(oveij o± hep uni bj MtLem-i ind its suhsequert ihhontw” 
In Howell 22 the vliilitv of tins substance to retard covgul itioii stimulated iinnv wor U' ^ 
And i suitable applu ition in experiment il work witli in eve toward the thenpeutif vi ue m 
disorders of blood coagulation Howell and jMcDonild2i denionstr ited dm 
the purifiid mateiial when injected intravenoublj m dogs and in m lu uid showed it U® 
time that lieparm liad no effect on the number of circulating red cells, leucocjtes, au I> ’ 
Talk of toxK aition of the purified niateiiil w is demonstrited bv Keed2c m seven 
ixperiment' I 

The 111 VIVO a< tioii of lupinn difteis fiom the in vitro action in which purifiei L 
lie Used Thus, in i iiuxtuie of puiified fibrinogen iiid thrombin, ol 


inhibiting iction and therefoie shows no letiiding or blocking effect 


In tbroiubopH hn. • 


prothrombin to tliioiiibiii 2 Hepuin 13 not ordinirilj iicuti ilized in vitro of hepmn 

The in VIVO action of hepanii appears to depend piimanb mi 6'® conibiued iPo 

iiid an uiidesiguated fractioa of the seium albumins, the so cilled albumin X o jjmon 

presence of neuti il salts -c The import nice of this f i( toi has been 
sti ited 2 Thus, liep inn ippe irs to be au antithi ombogeii, tli it is an agent w ,dieribv 

i constituent in the pi ism i to form i true antitliiombin 2) The actual me 

heparin interfeies with the piocesses of co igul ition depends on its verj high aega^^^^^ 
According to TorpeSjaa heparin, bv viitue of its high sulfuric acid Iiep in” 

strongest electiic ch irge of auj high molecul ir substance in the bodj Appai ^ 


exeits its action through this ch irge This seems to be supported hj the 


neutrah/mg 


of licpa^^ 

of basic piotamiiie, which has the piopertj of promptlj counter icting dm 'I'* mbui i ' 
The multiple in vivo effect of liepiriu on thromboplastin, prothrombin, am ■ fOUcHU'^ 

reidilj e\pl lined as a loading and unloading of negative chaiges on the pro mter 

The ukuowledged abilitv of liepaiin to prevent the i oagulation of " a 1’“'® 

feriiig with the foini ition of thrombin lequircs no furthei comment It is t le a , 

plitelet thrombus which appears to be of greater concern The starting g proh 

thrombus is a small mass of agglutinated platelets The prevention of this i ^ ^]thoug>i 
abh the primarj action of hep inn in the prevention of platelet d**'®® pf^ieatm’ 

earlier in vitro imestigationsvi revealed that crude liep inn was not effec iv to 
the agglutination of platelets, subsequent experiments hive revelled that ju tbea a''® 
liep inn has been added there has been no clumping of plitelets or 3“'' 

ber 12 The agglutination of pi itelets is piesumed to be due to an ad ie=iv 
TO formed fibrin, sinie se\ei*nl \\orkers have been un 


ible to denionstr itc the prix'P 


titioo > 
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fibna m wJiift tliroiuhus foriimtion V iimdi (iituiutt Uioti »1 lapirm i itquutil (o 

jirtvcut tlia i^^lutmatioii of uliitdctn thun ih required to mUilut tin. <iu;,uUtiou of blood ' 
\notlier "aTv of stating, this uiiuhl be to *si-\ that iltliouj,)i tin i Iht ntin of jjlatdds i 
n'dtiied m the prt‘«ence of laj) irui it has Um noted that nion liej) ii iii i n quire d to jirt lent 
the a^^lutiontioii of jilatclLts tii in to inhibit the forniition of fi))rin In ribbit and 

hunuQ blood t)ic iihiteUt'* ut uliidi in tithir iiion n ulili ){ ti ni 1 oi biHrth i inori 
{> 0 Herful adhisnc Iitiurm rd trds but dois not eoinpli fi Ii jnimf (lironilnis 

foniuition ’1 30 ‘With uthLunth hir^^e does of hoparm tJu t/rihi on phtclet j^^liitiintion 
tlerelops after a latent period unlike the iniiin di ite i iFi « t on tin < lottiii{, tim 
The elTe'e.t of hep inn on in \l\a thrnnibi b is Im en tudie 1 in tlire i v' i\ 


1 If/jon on Thrombi m a Olasi, (t)} or to ( fflophont 7 uf H» t atil conork<r 
hoMed that the ailmmistr ition of a lii’f^e dot of puriflt I Inparm |itiont or dtli> the 
foniutinn of nhitc thrombi m iss cell or icllojdiitn full intir|o i 1 bi tween the c irotid 
nrten and tiie ju/,nilnr aein It his been iniilnrl^ hc\ ii fhit hIhii ^.1 1 i uinul i in inter 
po ed betacen the cut ends of i larf,e irter\ adeqnilt In pariui/iifion piieuts flu oiiln n n 
of the cnnnnl i for periods „re iter tlian twent} four In iir whili iiiifrol < inmil i bi onu 
occluded after taent\ minutes of aetiit blood ilon 


hlio/i 0/1 T?irombt m the (o/onur/j Irit-ry If tin mini ii lium of tin left leiitrnlH 
of a doff nns injured bi flit injection of odium rn mob ite an 1 fin nnoi inliuui injiiM I 1 ' 
hgatiiig (lie anterior dt eeudiog branch of the left eoronirv irfen )iri,e muni tlin inln \en 
qmckh foniud m tlio lumen of the left xeiitrnk Wluu Iioweier ileqnate iiuount ot 
hepirin acre i,iven befoio the mjur\ w is priduied mural tliiombi ueit not een ' 'sjnulirh 
d has been Iiown tint corouerj tlironibo iv eouUI be iiuluet 1 bi odium n inoli iti iniiiti 1 
'hrectlj into flit porouari vc eN ui tweUe out of thirteen do^ while iintlir li i m m nni I 
■a onlj one of tuohe dops if henarm wns _tMu contmuou h tor tueut\ foui h ui itfii 
injma ti t 


3 Action on Throinlt nt Injurul Itiiii. Muri i\ He ( ml (ov\orkir« win ibli to 
iau-e intraluminal \euous thromboMN b\ either (ruliitip, i %eiu eucr in intnlumiual silk 
I e^d or h> the inje'ction of sodium nciiiolentc into the »ein In either ea e thrombosis 
W’turred in by to So per cent of the control Iropbihutu hep innizition preeeding tnunm 
tnt I ub equent hepaiiniz ition after trauuia resulted m i few imnimal thrombo e Heparin 
a Dunistcred after trauma niaint lined the patcn<\ of i «on iderabh number of Min Thus 
of control icins lem until patent ifler nit hanii il tnunm while pei cent 

^ 6 teat >tins retained their pntenej if hipariu wa idiiiini tered for sp\pnt\ to aeient\ two 

ciirs Rabinoiitch and Pines mdueed thrombo is Ji\ tret bin^ the vein ind then e lu in„ n 
nrtial obstiuction to the hleiod How bj i eiiiiioii triitin" b^ifuie Thee inie tij.ntor', 
jij tintes Inparm can ed tin di ipjiearune of the tlirond u onU ni 
^carl\ t ind ntitr win n fin I lot nirc idi li id Ine ii or^^unize 1 


dll attempt to dUtimiiie it sta^e dissolution of the clot tool plicc 
ibd what if am was, the ictioii of hepuin on the oip,ani/zn„ clot indncLd 
thi-ombosis in i nnnuei deseiibed eitliu in this papoi ® Usiiift htpaim/Pitkin 
"•'eiifihuiim whicli would amid 1 const int inticoit^id lilt effett foi at least loii^ 
'-’Sht liom-s, It was found fii-st tint pUtm\ can lit le established in a numbci 
s’^en as lon^ is si\ da^s aftei i clinic ilh paipiblo ind mieroscopicaJh 
^ctLptabJc thiomlnis is piesent Second the eNteut and appaieiith tlit speed 
lecanalizatiou is eiduinced In tile use ot Jicpuin Tliiid when tlie ^ull is so 
uded niossh as to pieciude the itsnniption at thmeal p itcncj lec imluation 
'ds fiiiit gieater in dep,ieL ind extent iindei liepuin theiapi iiid foiutli in the 
presence of occluded \eins which eaiise definite oiistiuction to cuculatioii the 
“Peking of idjaccnt (oJlitei d \enous tlnnnels is so c\tensnt in tiu pioscmc 
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of liepdiin that the cohibined cioss-sectioual aiea ot the collateial sj stem appears 
as s^ieat as, it not "leatei than, that ot the oiiginal vein We found, m addition, 
that in e\el^ instance of sludite toiination such as has been descnbed iiiexpeii 
mental tiostbite, PJasmochum Inowlebi inalaiia and traumatic shock" heparin 
caused complete solution of the clot with lesumption of clinical patency 


Dicumaiol — The di‘ito\ei'v of the entitj known as sweet cloier disease bv SJiofield,'* 
Its further el-iboi ition In Roderick, o and finallj tlie magnificent researches ot Link and 
associates^ f 51 led to the isolation and santhesis of dicuniarol, the causative agent d 
this diseise The plnsiologic effects of dicuniarol as nieasuied hj the assaj of oriulatin'’ 
prothrombmia 20 •cie too well known to require further elaboration Ammals are premmej 
not to acquire iminunitc 01 incieased susceptibilitj to this hemorrhagic agent ' 5 although ne 
hace found this not to lie alnoluteH true However, animals which are msensitive to the oral 
administration of the drug usu ilh respond to the intraxenous adminisfratiou of the diSKlina 
salt of dicumarol '■* The ulministration of i single dose effects a reduction of the prothrom 
bin le\el witliout piodming gro-'S signs of permanent injurj The immediate effects of a 
massive to\u dose lie dispnei lupeitheiniia, lasodilation, convulsions, conn, and death 
Since these effects occur within twelve hours, there is no reduction in prothrombin time and 
consequent! no liemonh ige ' '' The continued feeding of this substance is neces arv h' 
the production of henioiih iges 's 

The 11 tion of diciimuol is not clc irU understood However, studies indicate that it 
prolongs the piothronibiu tune mil hence the coagulation time in animals'' and in man 
It Ills been shown that the action of dicuniarol influences both the production of h 
and the sjnthesis of prothioiiibin The tliiitj si\ to fortj eight hour lag m 
corresponds to the time neicssaii to utilize completelj tl'e prothrombin circulating ^ 

blood Vitauuu K '< ' counteracts the anticoagiil int effects of dicumarol 

probablj intensifies this piotectiie iction of Vitamin K '•< Dicumaiol is ineffective m 

Platelet adhosueiuss is undoubtedh i f ictor in thrombosis Vnght'"’ 
increased stickiness it the time when, statisticallj, thiombosis is likeh to occur 
i simultaneous mciease in the plitelct count She thus postulated that the (]if 

newlj formed plitelets aie Ip per idhesice The same obsener noted that 
concentr ition of heparin the less is the stickiness of the platelets 5 ® The i 
platelets also definitoh decieises after dicuni irol adniinistration'is 01 and bears a 
tionship to the prolongation of the prothrombin time However, the prothrom 
be decreased sigiiific antlj before an ictu il deciease in platelet plate- 

stiated 32 c. Dicumirol causes no appieciible diffeience 111 the number ijuumarol 

lets 52 14 62 63 Clot icti ictiou IS I ct 11 dcd 111 tlic pi cseiice of sufficient aiiioun 
to elev ite the prothrombin tune signific uith -n thronihu 

The cvperimental studies concerning the effect of dicumarol on * intrivasc"^''^ 
tliromlius form ition hive pai illeled the hep iriii investigations Bxpenmen 
clotting oidinarilj does not occur in animals which are under full 
Glass cannulas interposed between two ends of an artery were seldom 
had prevaouslv received dicumarol Patencj was maintained for six to eig 
prothrombin time w is elevated ibove tliiitv minutes in dogs I" bie g i = ^ _„’„p.qr to 


riuicu- - - , , . (I 

dicum irol , 

occluded "hen aur" 


Qial 
if ttf 


urterj jugulai vein anastomosis, 3 ‘ Dale and JaquesO^ have shown that Tk'- 

be sliglitlv more effective than single doses of hepann m the prevention joioivn 

work was predicated, however, on one dose of heparin, the effects of thr“° 

disappear in a few hours Richards ind Cortell,*" using the ® evpei''”'^”'"* 

bosis,oo demonstrated the protective iction of dicumarol in the three « le , than m 

animal groups , in then senes, the incidence of thrombus formation Jetuvi''' 

the untreated controls Othersos have shown that the administration o ' , 


ii-ic uic luu.-..- intral"'*"' 

( onsiderablv the tendeno to thiombosis in veins which have been crus e o^^^^ ^ 

silk thread ^Vlien blood was trapped in portions of the jugulir and e the 

thrombosis was apparent in dicuraarolized dogs Atluu thrombosis (i 
softer and more friable thin in the contiol animals 5 * 
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COMMENT 

The c\perimuit mIiicIi is hciein icpoited itpiescnts the logical step in the 
progiessne senes of attempts to elucidate the efteot of the antico igulants on 
the in \no tlirombus Oui knowledge thus fai indicates that in the presenit 
of heparin all clots undergo solution if tlicj aic in the sludge stage This is not 
true of dicuuiaiol heeause of the tniit 1 ig lictnceii the administration of the diug 
and the effeotiie piolongatioii of the piotlirombni time Ilonevei beioiid this 
mitial stage both anticoagulants effectueh caused lesumption of clinical patenei 
in a considerable numbei of aeiiis mIiicIi «cie occluded In clots foi foui dais 
or longer, cien up to tiio neeks in duiatioii This effect is at laiiaiice iiith the 
commoiil} accepted knowledge of thiombus bchiiMoi We aie at a loss to explain 
adeqiiatclj the solution of a thrombus whose indindiial platelets appeal to liaie 
lost their iincioscopie identiti Ifoweici since it his licen pointed out that the 
agglutination of platelets is due to the incsciice of an adliesne agent which is 
not formed fibrin,’ and since some woikers hare been unable to demonstrate 
the precipitation of fibiin in white thrombus foimation it maj be piesunied 
that possiblj plnsieal oi phvsiochemical factow of which wo are as >et unawaie 
plaj a role A possible lead in this ducction maj lie deined fiom studies of 
the clot resistance in tails of dicumaiolizcd mice”’ In tins expeiiment it was 
thought that the heinoirliagic condition induced bx dicumaiol might not be 
based solely on the piolonged coagulation and piotbroinbm times oi on the 
decreased firmness of the clot but on the inaikcd capillaix dilatation This 
'ndening of the lesseLs max eontiibute m a puitlx phxsical sense to the iiiitiallx 
decreased elot resistance Thus, small aieas maj bieak off because of the impact 
of an merensed xolume of blood and maj lodge elsewhere in the bodx Because 
of the lack of eoagulnbilitj of the blood, these small emboli retain their minute 
size are unable to propagate and thus aie rcndeied iiiuoeuou-s regardless of 
"here thej max lodge On the otliei hand since clotting is esseiitnilx a plixsio 
chemical process xvhich is tiicoreticallj icxeisible the picpoiideiance of the 
equation factors directed UoUnist clotting, bx xirtne of the excessixe emoiuits 
of ciieulatiiig anticosgulant meteiial (oi its pbjsiologic equixalent), niaj pos 
siWv render into solution a clot xxliieli has not jet become organized 

Coiiceiiiing the lelative efficacj of heparin and dicumaiol xve faxoi the 
former Altliougli this maj be attiibuted to our extensive experience xvith 
heparm, we neveithelcss liaxe found that it is easier to work xvith (m the Pitkin 
menstruum), has moie predictable anticoagulant levels is sufei and lequnes a 
'ess elaborate labontoij check to maintain safe and effeetixe anticoagulation 
responses The action of bepaiin is more piompt as a lesult of which all clots 
"ndergo resolution if thej are in the sludge stage This is not alwaxs the case 
■"ith dieuimiol because of the tune lag betxveen administration of the diug ind 
cuectne prolongation of prothrombin time The degree of colhteializatioii 
eppexrs gieatei with licparin 

SUMM VBY 

The niecliunism of elot foimation and the blocking action of tlie anti 
coagulants liepann and dicumaiol are enticallx icviexved 
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A coinpdidtne studj \\ds made ot the piopeities and meiits ot heiidimand 
dicumaiol The lelative abilitj ot these anticoagulants to (a) pre\ eiit dotting 
(h) resohc thiombi, and (c) pioniote an eftectne vaseulai by-pass was evaluatci 
On the basis of this compaiative studj it -would appeal that hepaiin b 
supeiioi to dicumaiol 
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THE EFFECT OP DIETHIESTILBLSTROL ON BLOOD LIPIDS AND 
THE DEVELOPMENT OF ATHEROSCLEROSIS IN flllCKENS ON V 
NORMAL AND LOW PVT DIET 


L Horlick,* VI D \VD L N Katz, M D 
Ciiicvio III 


T HL occuiience of luge c\elK cliaii^jCS iii tlit talciiim phosplioius and 
lipids of the blood m egglating \eitel)ratts dunii„ ptnods ot e„g piodiio 
tion IS a wellknoiui plicnoniLnon The litcratiiie beaim,. on this subject Ins 
been amplj leiieived bj Riddle' iiid b\ ( ardiicr and Pfciffei “ The %uuations 
are considerable, amounting to a tiiieefold ineieisi in ( ileium phosphorus' * 
and bpids' duiing the e,„g la\ iiig state Loiintz Lnteuman and riiailtofE" 
showed that the niciease ni the blood lipids consisted ot thaives in the neutral 
fat, phospholipid and fiee cholesterol fiaetioiis 

Riddle' was the first to su„„est that the oeariiin hoinione was iii all liKeli 
hood responsible for Hus ineicase in blood calcium phosphorus and lipids in 
the lajing bud With the adient ot estio^eiuc siihstanees it ins found® ” 
that administration of these substaiicc.s lesultcd in niuiked increases in the blood 
ealeiuni phosphorus, and lipids duplicating the ch in„es which ocemud ctcli 
callj during the egg las mg period Tin se chan„es can also be induced in the 
itiale of the species bv the eslubitioii of estiogenic substances The changes 
described base now been obsened In mam uoiKeis using natunl ind sjiithetic 
estrogens given both orally and paientcralh ' Conadotiopins also cause 
an increase in the blood levels of cnlciiim phosphoius and lipids 

In 1946, Lindsaj, Lorenz, Entcnmaii and Chaikoff' reported that thev had 
been able to produce hjperlipcmia and ithcioinatosis in chickens bv implantin„ 
pellets of diethv Istilbestrol Tiiej emplojid cockerels which were inoie than 
3 months of a^e at the beginning of the experiment and saciificed them aftei 
'UA to seven months so that then aiiimaks were ippiosimatelv 9 to 10 months of 
age at the conclusion of the esperimcnt 

Dauber' has shown that spontaneous atheioscleiosis occui's in chickens 
after 5 months of a^e and becomes iiicieasinglv freipient with mcieasing age of 
Hie animals While the lesions which she dcsciibed wcie piedominantlv in the 
abdominal poition of the aorta and those dcsciibed bv I indsaj and co workeis" 
were predominantlj in the tlioiacic aoitn iicveitlielcss the possibilitv exists that 
H'O results obtained bv Lindsnv and co woikei-s nnv have been due to spoil 
faneous lesions arising because of the age of the (hickens at the time thev were 
‘■aeridced 

Therefore we have repeated the stillioestiol esperimeiit using voting birds 
0 ifccks of ago at the heginiiiiig of the cxpciimciit which were saeiificed when 
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the buds ^Neie appioxunatelj 6 to 7 months ot age Tims \\e attempted to 
obviate the possibihti that the lesions obseived weie ot the spontaneous larieti 
desciibed bi Daiibei In addition we investigated the eftect ot stilboestiol on 
rorkeiels niaintamed on a diet veiv low m fat and cholesterol Dining the 
conise of this studs w'e weie able to make obseivations on the effect of a Ion 
tat diet on the blood eholesteiol ot the chicken and on the occuiienee ot the 
spontaneous saiiett ot atheioscleiosis in these animals The lattei obseuations 
aie in the natiiie ot a piehiiiinais icpoit, as the eftect ot a low tat diet on the 
occuiience ot atheioscleiosis is imdei long-teini investigation in onr laboraton 
at the present time 

PKOCKDURL 

Tliiits si\ white Leghorn tockeiels 6 weeks ot age at the beginning of the 
expel imeiit sveie used Ten weie maintained as controls and lecened cliic 
staitei mash and water ad libitum An additional six buds were maiiitaine on 
chick staitei mash and water, and pellets ot dietlnlstilbestiol,* 25 
weie iniplanted siibcutaneoiish at the beginning ot the expeiniieiit an our 
and eight weeks latei The leniaiiiing twenty buds weie iiiaintainecl 
of cluck staitei mash tioiii which tat and eholesteiol had been 
coinineicial degieasing juocess einplosuig alcohol and ether The , 

was reduced fiom 4 4 pei cent to appioxniiately 0 3 per cent! The 
mash was die and iiowdeii, and 8 pei cent water was added To 
caloisc \aliie of the fat lemoied, 5 pei cent sucrose wms actciea 
tor the destiiietion of Mtanuns m the piocess, supplements weie ac e^ 
w'eekh supplements were as follows Mtamiii A, 3,600 lU, Mtamin 
AO AC units ■Mtaniin E, 90 mg, Aitamui B, 27 Gni of hieweis 
The tat soluble Mtanuns were given in leii liighh concentrated ouu 
drops ot cottonseed oil twice a week The least, which coiitainc 
of fat, was mixed wutli the teed once a week , f 

Diets ot similai composition hd\e been louncl not to leu loaiii 

clucks ioi periods of fouiteen w'eeks Eleceii of the tw’enti m 
tamed as controls and nine leceived implants ot stilboestiol pe e 
the pellets were not implanted until the animals had been on t ® 
foi almost one month In the othei six, the pellets w'eie imp an e ym^ivinc' 
ginning of the experiment and at foiu and eight weeks tlieiea ^^Yeut' 

animals iveie sacrificed wdieu 25 to 30 Aveeks of age, or after chssect*^ 

four weeks on then lespective diets Heaits and aortas were Lcsioi'i’ 

out and exaiiimed giossh for the inesente of ^ ^^|jg,osclei'Oi>'^ ' 

were graded tioni 0 to 4 on an empnical basis loi seAeiitl o glood 

Seceial ot the aortas were sectioned and examined 'h’h''' 

drawn from the alai Aein at tin ee week inter cals, and tota cm 
mmations A\eie made h\ the method ot Sohoi iihennei and Spen' 

poU*' 

•The stilboestiol was fecueiousU supplied b\ Eh Lill> n 

fWe are indebted to The \rniour La boi atones Chicago id ^pplj 

ties of mash l \ T fo** 

J'We are indebted to Lederh Liboiatoile*' Inc New lork ^ 
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HI>1U Ts 

Atherosclerosis of the Aoitu — 

Normal Controls Ten buds \icie maintained on clnek bt iitei mash and 
water for periods nnging from two to twenty fi\e weel^ One died aftei two 
weeks one after seientcen weeks two aftci ci„htten md om Inlf weeks foui 


TABLi, I \RT>RIOSCLEROSrS IV COMKOI CHICKF NS 1 1 l» OlIUl \ \IIY ClIH K '' T \n H \hl£ \Mj 
Yi vT>j Ai> Liditlm 


WEEKS lED 

VOEVTTIMEOI j 
DEVTir (WK-) 

DEOKEI Ol' VTIlLKOVtV U> VORTV | 

Tiioievcie ( ABDOiiiwr | 

IIVLl PRESEVCEOK 
I-XCESSFVT 

2 

S 

0 

0 

0 

li 

2b 

0 

0 

II 

18i 

24; 

0 

1 

0 

23i 

20i 

} 

1 

1) 

ISJ 

-JJ 

0 

1 

n 

2o 

Oo 

0 

0 

0 

10 

2j 

0 

0 

n 

10 

23 

0 

0 

0 

19 

2o 

0 

1 

n 

:9 

2o 

0 

0 

0 


after nineteen weeks and one eath iftei t\vcnt> tliiec and one half ind t\^ent^ 
hie weeks on the plain inish diet Foui of the buds showed pioss atheiomatous 
lesions of the aoita One ot the tom had a imnoi lesion in tin tlioi icic loit i 
(grade and all foui had niodciate lesions of the ^hdommal aoita (gi-ade V^) 
of the t>pe dtsciibed b\ I) mini” as txpieil foi spontnuons itheio deiosis 
Oidiminj Ma^h Plus Stilboe'^fiol ImpUint<} Si\ buds wlic maint iinul on 
cluck starter mash and Iiad tiucc 2'> pellets ol stilbotstiol imphnted it 
four week mteniils One nnm il died aftei twehe weeks on this diet tlie hearl 
and aorta were not examined One bud died alfei mnetten wtcKs ind the 
remaining foui weie saeiificed after twenl\ thice weeks on this diet The 
chicken which died attei nineteen weeks ot fecdin^ had no lesions ot the aoita 
The remaining foui birds liad itheioimlons lesions of \aniiip: degiees of se\ei 
Thiee had lesions m both tiie thoi uu and didonnnil poitions of tlie aorta 


T'BLB II ARTtBlOSCLEROSIS IN ClIICKS FEP 0IU»1N VI \ ClUCK SlVITtr AIVSII VVD WvTFI 
Ad LIBITUJI VVD in Wllicil 25 mo PELIETS OI SULBOtSTItOI. WEUt Impi vntfd vt 



Tiiref 

TO Foub'Wfek 

Interv vls 


. W PENS I ED 

VCIE VT TIMBOI 

1 DFAIKEE OF ATIIEBOM V Ol AORTA 

LIVER PFESINCFOI 

DFVTH (VVK.) 

f Tiioievcic 

1 ADDOMINVI 

EXCESS FVT 

12 

18 

_ 

_ 

F 

10 

2j 

0 

0 

0 

’a 

20 

5 

0 

0 

2{ 

20 


1 

0 

23J 

_0J 

2 

_ 

i 

-3} 

-01 

1 

1 

{) 


^ ll\e 

Corta lo 1 


‘*ud one liad lesions m the thoiaeic portion ot the loit i onh llu- ksions wtu 
‘uoderatclj severe giadiiig fioin to 2 V lepiesentativc aiitopsv protocol on 
oiie bird is presented Heuit and loita — the mitral and aoitic vahes weic 
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Table III Akteeioscllkosis in Conteol Chicks Fed Low Fat Chick feivsTKP Masu 
Supplemented With Vitamins A, B, D, and E 


^\EEKS iEJ> 

AGE AT TIME OP 
DEATU ("WK ) 

DEGREE OP ATIIEROilA OP AORTA 

THORACIC 1 ABDOMINAL 

LIVER, PRESENCE OF 
EXCESS F\T 

11 

17 

0 

0 

0 

181 

24} 

0 

0 

0 

isl 

24-} 

0 

0 

0 

231 

294 

0 

0 

0 

231 

29J 

0 

0 

0 

3 

9 

0 

0 

0 

19 

25 

0 

0 

& F 

19 

25 

0 

0 

0 

19 

25 

0 

0 

0 

19 

25 

0 

0 

0 

19 

25 

0 

0 

0 


S P Slightly fatty liver 


somewhat thickened and showed veij' fine pin-pomt velloM deposits iii tieir 
substance The hiachiocephalic aiteiies and the thoiacic aorta were thickeiie , 
and theie weie elevated yellow patches in both There was a fine pin pouitie 
low placciue lunning fiom the oiigin ot the lenal aiteiies to the bifincatiouo 
the aorta , , 

Low Fat Diet Conttols Eleven chickens weie nunitained on the o\i i 
diet desciibed Ot these, one died aftei thiee weeks and anothei aftei ceien 
weeks on this diet The lemaining buds suivived tiom eighteen and one e 
to tiienti -thiee and one-half weeks ot feeding None ot the aniinas in 
group showed anv evidence of gross atheromatous lesions ot the aoita 

Low Fat Diet Plus ShlhoesU ol ImpUnts Three chickens died eaily in^^^^^ 
course ot the experiment, at one, two and one-halt, and six weeks o ® 
Three were sacrificed after nineteen weeks of feeding and three a tei w 
three weeks of feeding Five chickens showed atheiomatons 
aoitd Of the three chickens which were maintained on the low at 
one month prior to implantation ot stilboestrol, tw’o show’ed lesions o 
Of the SIX in which the implantation w'as done at the same tune that t le a^^^ 
were fiist placed on the low fat diet, three show'ed lesions Two o 
died too early follownng the implantation to be considered as haiinn 
lipemia as a lesiilt of the implantation Considering the group as a m 'O 


WEEKS FED 


AGE AT TIME OP 
DEATH (AVK ) 


DEGREE OF ATHEROMA OF AORTA 


Table IV Arterioscleposis in Chickens Fed Low Fat Chick w rst 

&LPPIEMENTED IVlTH VITAMINS A, B, D AND E, 25 JIG PELLETS 01 bT 

Ijiplanted at Three to Four Week Intervals — - 

EiCESS23- 
0 
p 
0 
0 
0 
F 
p 
0 

S P 


23 

29 

0 

234 

294 

0 

234 

294 

} 

1 

7 

0 

21 

8t ' 

0 

6 

13 

4 

19 

25 

X 

19 

25 

i 

19 

25 

0 


P Patt> li\er 
S P SliKhtlj fatty liver 
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TOTAL 

CHOLESTEROL 
IN MG % 



Fit 1 

'Jii’iis had lesions in both the thoiacic and abdonnml aoita and of the other 
*"o one had lesions in the thoracic poition ind one in the alidominal poition 
“f the aorta. The lesions neie slight giadiiig fioin % to 1 and consisted of 
hat nonraised j elloH aieas and nhitish aioas 
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Sxiiniuti ij Tilt low tat conlioJ buds showed no ^loss atheiosdeiotii lesiom 
ol the heait oi aoitas, w’hde athciomatons lesions weie seen m fi\e ot the 
tliukens in the low tat, stilhoestiol implant "lonp Theic weic lesions m 80 
pel tent ot the thicks leceiving oidiiiaii mash with stilhoestiol implants, while 
40 ]iei tent oi the eontiol buds on oitlinaii mash and watei showed lesions 
The lesions in the tonliol gioiip wcic almost entueh in the abdominal poitioii 
ot the aoita, wheieas those seen in the stilhoestiol implanted gioups weie picseiit 
in both the thoiatit and abdoiiunal aoita and wane most piomiiient in the 
thoiaeit poition ot the aoita 

Fatfij Liiob — Fatti liteis weic obseived in two ot the animals on the 
1101 mat ditt with stilhoestiol implants and ni tluee in the low fat, stilbocsliol 
<>ionp ksone oi the noimal contiols had a tatti Inei, lint one ol the low fat 
contiols had a \ci> slightly tatty livci 

Bodij M enjlit ■ — It was obseived that the buds on the noimal mash did 
with stilhoestiol implants weic eonsideiabh heaviei than the noimal controls 
and on autopsc theie was a gioat deal of tat in the tissue depots The biiils 
on the low tat diet with stilhoestiol implants wcie somewhat lightei than the 
low fat (ontiols, and both gioiips weie hghtei than the noimal contiols Ul 
buds m the low tat gioiip had ccm little depot tat 

Bloud Cholesteiol Lciels — In Pig 1 w’C Inne jilottcd ai ei age blood cholcs 
toiol lew els toi the ioui gioups of buds in this expeument The value foi the 
low tat stilhoestiol gioiip is made up ot the \filues tiom the tluee buds w hie 
weie on the low lat diet toi one month piioi to implantation It will be seen 
that these c allies aie liiyhei than those obtained when the implantation w 
done at the same time that the animals weie placed on the low fat diet ( aie 
V) 


Table V CoirsF of \\ 


II CL Totvl Sepom Choiestfioi is Milt in ms Pir 
Vinous Groois 


PITE 


( i OUP 1 

1 -/lO 

1 5/17 1 

4/7 

1 4/14 i 

1 4/25 

1 5/19 

Xoun il diet eontiol"- 
Low fit diet eontiolb 
Normal diet stilboestiol 
Low fat diet stilboestiol 

SS 

0-t 

impl lilts 
imnl lilts* 

114 

112 

00 

11 ! 

110 

140 

IbS 

173 

94 

111 

103fa 

S13 


PITF 


Low fat diet stilliuLstioI iniplantst SS 


107 



S/i2 I 9/22 I 10/20 I 11/lt I tyta 

"oTT 720 544" ^ 

pellet impUntations /- 
pellet Implintition S/- 

WOlk ol ■ 

tlie blood hpid' 


‘Pellets iniplautea attci foui weeks on low fat diet 
tPelletfa impHnted at commencement of low fit diet 

A possible exiilanation ot this discic])aniv iw found in the woik o ^ 
and Senuin’" who toimd maiked hnctnations tiom dav tocla m 


ot buds tieated with estiogeiuc substances the k" 

The blood cholesteiol levels loi the noinnl eontiol giotip aiu oi^^ 
fat eontiol gioup weic lelativelv stable dmmg the expel mieiital jj,o„ 

lattei gioup tended to show blood cholesteiol levels somewhat cle\a 

toi the noimal eontiol gioup In the stilhoestiol implanted buds, 
tioii of blood cholesteiol was obseived appioximatep tom weeks a i 



I-Fi-tCT Ot DIHJZ\1 STII HI '^IltOL 0\ BLOOD 1 II IDS WU V rUMJOsLl I HO^IS IV) 


TUJLt \I ClIAN(JFS IN UOD\. ^\UCinj> IN iOUNDS IN ^ \KIOl GllOUl S 


( 1 OUI 


-/to 

1 4/ 0 

I) \TE 

i (./„4 j 

7/10 

\orniii] diet tontroln 


laO 

4 Wi 

4 1 

5^7 

4 44 

Low fat diet controls 


I j(i 

- SO 

1 _J 

0 ) 

'’44 

Normal diet stilbotstrol iiupl mts 

1 oH 

4 1 1 

4 10 

i R7 

4 )S 

Loa fat diet stilboc trol 

implants 

1 oO 

.. 00 

10 

10 

o 20 



1 


I)\l 1 





1 b/-o 

1 '>/i> 

1 10 -) 

1/i 


Low fdt diet stilbot trol 

implant t 

1 0(1 

1 00 

t 00 

lO 


Low fat diet controls 


1 ill 

2 0 

10 

1 lO 


Normal diet controls 


1 oil 

_ 0 

40 

4 00 



Pellet IniplnjjU I aft r four >\eeka on lou fit Hct 
tPellet JnjplauteJ at start of low fat diet 


implant ition ol stiibocstiol pclkls ind huIik! its |k il loin wtcKs iflti llit 
third ind list implint A jil il \nliu ot t SOO in^ pti <tnt of tholcstciol \\ is 
obser\tdloi the iiozmal diet stilliotsliol implant JiiuK nul oi 1 300 in„ pii (inl 
loi the low fnt, stilboLStiol iinid ml Inids riu lilood diolcstciol tell shuph 
tiom the peak \ jhics leached and ippiuuhcd noninl U\ils witluii tom wttks 

In siimnui\ , tlie ininuls muintaiiied on i low fat dut with \itdinin suppU 
ments showed n tendeiK^ to sli^htlx hip.lui blood (bolesteiol levels tlwm did 
the eontiol bads The imiilant ilion ol stilbotstiol pellets usulled in i missive 
bpemn in buds on n noim d and on i low I it <Iiit J lu usidtin^ liptmi i was 
oUatei m the buds on tlie noun il diet DepUtnij, bod\ I it b\ nnint nnin^ the 
chickens foi one month on i low fit diet piioi to n))i>l int itnm of stiiliocstiol 
tliil not intoifeie with the duel ills alnlitv to show i nniked lipenin tollowin^ 
the exhibition ot tlie stilboestiol 

DI&CUSsION 

Om lesults ale in leeoid with thasc ot othei obseiveis who hue found 
thit estrogenic substances will lesult in a missive lipcini i uid livjieuholes 
terolemii m the e„t, lavin^s veitcbiates nuludiiv m this ( ise tlio ehiclcn®” 
^^e have been able also to confiim unequivoc dlv the lepoit of Chaikoff and eo 
worKeiV^ coneeiumg the atheioscleiotogeiiie letion of stilboestiol in the chicken 
Although the chickens which we useel weic vount,ei than those eniploved bv 
Chaikoft s group, neveitheless 40 pei cent of oui noinial eontiol buds siiowed tlu 
so-ealled spontaneous atheioseleiosis in the aoitas The fact tliat the stilboestiol 
treited buds showed lesions piedominantiv m the Ihoiaeic aoita and that tlieii 
lesions weie nioic seveie than those in the eontiol f,ioup mal es it eleai tli it the 
lesions in these biiels weie due to the letion ot stilboestiol and weie not of tlie 

spontaneous pe 

^Ve ilso obseived tli it miunt iinin„ biiels foi i Ion-, jieiiod of time on i low 
fat eliet ehd not lesult in any appieciable lowtiing of the blood cholestciol 
below the noinid eontiol level foi this specus In f\ct the blood cholestciol 
of these buds lose to levels shghtiv above the noinial ITowevei it is stiik 
‘Of? that desjiite this tliese buds seemed to be eouspicuouslv tue ol llu s))on 
1 mioiLs atiieiosdeiosis seen in eontiol buds feel oulin uv mash 

The iinphint ition of stilboestiol pellets iii buds on i low fat diet cillui it 
Ih'' coninieneenicnt of this diet oi iftei foiii weths on tlie diet lesultcd in i 
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massne lipemia only slightly loAvei than that elicited by stilboestiol ui birdi 
on a noimal diet Fui-thei, a high piopoition of the stilboestrol implautcd 
buds on the low fat diet showed dtheioscleiotic lesions of an induced lutuic, 
wheieas the low tat contiol buds weie conspicuously fiee of atheioma Tlitse 
findings indicate that it is impossible in the chicken to lowei the normal leiel 
of blood cholesteiol bi iigidly excluding cholesteiol and fat fiom the diet Tlis 
is 111 agieement Mith the woik of othei obseiveis on the chicken and on man 
Fuithei, the lesiilts indicate that undei the stimulus of a substance iiliicb 
tended to pioduce a lipemia, chickens on a low fat diet responded almost as 
Mell as those on a noimal diet® Normal chickens which leceived stilboestrol 
showed lemaikable lipid accumulations in the tat depots Conveisely, both the 
low fat contiols and the low fat, stilboestiol implant buds showed a marked 
seaiciti of bocli fat These results indicate that iiiidei the stimulus of stil 
boestiol the chicken can mobilize and store great quantities of fat from ingested 
tats ivhen available, and piobabh from caibohydiates and pioteins in the diet 
When the diet is low in fat, the sources of the lipemia are piobablv the bod\ 
stoies of lipids, and then the inteimediatc substances in eaibohvdiate and pro- 
tein metabolism This inocess is not seiiouslj’- mteifeied with by pielimman 
depletion of fat hi means of a low fat diet Bloch and co-'uoikeis’’° haic 


demonstrated that acetic acid can sei\e as a pieciiisoi for cholesteiol and that 
the site of conveision is most likely in the hvei Thus both carbolpdiate and 
protein can sene as piecuisois for cholesterol through inteiniediaiv substances 
such as pi 1 uvic acid 


Fleisehinann and FiiecB ha\e presented eMcleiice to the effect that the 
estiogeu-indueed lipemia of chickens can be completely prevented bv thesnnul 
taneous admiiiistiation of tluioid substances Thej also showed that the total 
bodi cholesterol oi estiogen-ticated chickens is not greater than that ot coiitroh 
Then experiments veie ot short duration and hence they were unable to oh 
serve the veil marked accumulation of depot and bodj fat which ue obseive 
111 oui stilboestiol implanted chickens on a noimal diet While ve did not deter 
mine total bocli cholesteiol on these animals, it is highly pioliable that tie 
cholesterol content of the bodv, in common with the lipids, was elevated 

Stilboestiol, 111 the egg laving leitcbiates such as the pigeon, duck, ’ 


and chicken and in the egg laniig fish and frogs, results in an elevation 


evation of the 

blood cholesterol It is also geneiallv agreed that the plasma cholesterol o 
mammals and ot women increases diiiing pregnanej^ In the pregnant 
the ineiease amounts to 50 to 100 pei cent over the noiipiegnant concentration ^ 
Stilboestiol does not lia\e a similar action in the iat"° Andiogenic siibstai ^ 
do not appear to hare am cleai cut effect on the levels ot the blood cholestei 
AVe wish to suggest the possibility that the action of the tlpioid 
and estiogens is piobabh thiough the luei, by raising oi lowei mg the them 
static setting tor the blood lecel of cholesterol®- The hvei viH maintain 
lecel of blood cholesteiol even m the face of a len low intake of dietan 
teiol and fat be smthesizing cholesterol from the other dietary substances 
It appears futile to expect that limitation of cholesterol and fat m the die 
lowei the noimal blood eliolesterol level Fiiithcinioie, if abiioimal ^ 
are operating to raise the blood leyel for cholesterol, lestiiction of cholcsteio 
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the diet uill oiilj paitiallj couiitci this effect, because of the abilitj of the bodj 
to mobilize and synthesize cholesterol tiom other sources Thus 'vve obsei\ed a 
massive hpemia and cholesteioleinia and the development of atherosclerosis m 
animals under the influence of stilboestiol and on a diet verj low in fat 

Stilboestrol prohibit acts to produce atherosclerosis thiough its cholester 
olemic effect AVe have picviouslj iepoitcd“‘ that m chickens fed cholesterol 
the occnnence of e\peiiinental atheroseloiosis is related to the oceunence of a 
hypercholesterolemia and is roughh piopoilioiml in seventy to the degree of 
favparcholesterolemia present In this e\peiinicnt the liperaia observed in low 
fat, stilboestrol implant buds was less than that observed in the control diet 
stilboestrol implant biixls, md the dcgicc of atheiosderosis observed was coi 
respondingly less 

It IS of great inteiest, however that chickens maintained on a low fat 
diet and used as controls showed no ^loss atheioma whatsoevei during the ex 
penmental period, whereas a group of oontioK on normal mash showed a 40 
per cent incidence of atlieiomatons lesions This finding occuiied in spite of 
the fact that the blood cholesterol levels of the low fat buds wcie slightiv highei 
than those of the normal contiols We do not wish to piesent this preliminary 
finding as more than suggestive Our final conclusion on this point must await 
termination of the long teim, as yet uncompleted expenmeiit now in progiess 


SUMM 

The implantation of stilboestrol pellets icsultcd in a marked hyperlipemia 
and hypercholesterolemia m chickens on a noimal diet and on a specially pie 
pared low fat diet 

The cholestcrolcmia observed in the stilboestiol implanted chickens on the 
normal diet was somewhat highci than that obscived in tlie animals on the low 
fat diet 

The control animals on tlic low fat diet showed levels of blood cholestciol 
slightly ]nt,her than those of tJie noimal contiols 

Atherosclerosis of the induced type was obseived in a high proportion of 
the stilboestrol tieated chickens m both the noiinal diet and low fat diet groups 
Spontaneous atheioscleiosis oceuiicd in 40 per cent of the normal control 
animals and in none of the controls on the low fat diet 

A concept of the mechanism of stilboestrol action and of the control of the 
nomal blood cholesterol is presented 

Indebted to the technical staff of the Penartment i%ho \\ere vital m the execution 

of this study 


1 Biddle, 0 
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EFFECTS OP TETRADTHTLAiniONIUSI CHLORIDP ON BLOOD 
FLOW IN Til] F XTRBMITirS OP M V\ 


0\i£\ L Sluwiithi MD * liven Buoiw MD * and 
Kmiir 0 WvMM JI D Ph D t 
RodllJ'TUt lIlSN 


A lthough tlic MsodtpKssoi (ffuN of Ou t(H utlnliinmoimini loa Imd 
IiCLii olkscMtd Muis a^o 1)\ Maisliill' imi li\ Tumlili nl)mpr “ fho Mte ol 
action was not known until icicntB lolnson and Moi’ ind Vclieson and 
Pereira' in 194G showed tliat the di ii„ i aiisid its i flei 1 not In at tioii on the heait 
laacuhr smooth nuiscle, oi inednlliii \ isomotoi untiis lint In hlockiiif, the 
Wiin'lia in tile effeient iiathnuss ot tin s\ iiipntln tie \ asocoiistnetoi nencs 
Wiesoii and Moe' ineasiiied tlie blood flow ni tin feinoi il uitin of the dop: ha 
means of a flow cannula and i diftcreiitiiil niaiiomctei Thev found that while 
the Ultra iiterial injection of tctiactlnlaiiiiiionmin clihnnU c iiised no nnieise 
In blood flow, the iiiti ilcnons injection eiitsed i nnilted ineieise in blood flow 
Bern and a-sooiafes showed that teti ictht latiiiaoniiim ehloiidc cinsed a use ol 
sltin temper itnie in man eciiial to oi „ieitei than that i iiised In sMiipathetic 
block Bj the use ot the pletlnsmo,;! iph Colki and issoeiatcs' dcmonstiated 
an meiease in peripbeial blood flow lollowni„ inti neiions adniinistiation of 
tetnethi 1 imnioimiin chloiide to pitunts suffeiiiv tiom anions aasciilai and 
allied tbsoideis In one subject the blood flow in the loot iiieieisod fioiii 0 24 
'o52cc pci minute jiei 100 Gm of tissue iollowin„ tin inti neiioiis adinimstra 
bon of 500 m„ of teti lethal inimoiiiiim chloiide 


The piii-iiose of this studs was to deteimiiie the effect of tetiaetln lammoiinim 
cMonde on the blood flow in the iippei iiid lowet estiemities of healths human 
beings m i lelitiselj w iini eiisnoiiiiieiif (tempei itiiie iaiigni„ behutii 80 and 
Hb P) and to establish a Ijisis foi eoniiiaiisoii svith siibseijneiit studies on sail 
oils ahnormabties of the saseiilar ssstem in patients 

Sesen healths soiiii„ idiilts foiii men and thiee women whosi a„LS laiiged 
from 22 to 30 j eal^ and whose s\ei,rhK laiigcd fiom 118 to 190 pounds (53 5 to 
l>(i2 kilogiams), welt studied The looni tempeiatiiie sailed fiom daj to das 
between 80 and 85° t hut if did not s us inoie than 1° P, dining anj single 
Peiiod of ohsersation The jiletlissiiiogi ijilis used ni tins studs wete those de 
'’'sued hs Beirj and associates The pleth}smo„iaphs weje connected to com 
pensating spnometei teeoldel^ and blood flow emses weie lecoided opticallj 
The arm pletbjsmogi iph nicliided tlie hand iiid foieaim to 1 incli (2 5 cm) 
aliose the oleeianon piocess, and the leg plethysinogiapli included the foot and 
. b inch below the tihial tiihc lositj 
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The pioceduie employed m this study was as follows The subjects vvere 
instructed not to eat oi smoke foi at least ninety minutes befoie the test All 
four extremities weie comfortably sealed in the plethysmogiaphs and sufficient 
time was allowed foi adaptation Control determmations of blood flow ucre 
made foi twenty to thirty minutes theieaftei Tetraethylammomum ehlonde 
was then admimsteied intiavenously at the rate of 100 mg pei minute Sum 
dividiials were given 300 mg each and one subject, a man weighing 190 pounds, 
was given 450 mg of tetiaethylammonium chloiide The ding was given slowly 
m order to avoid unpleasant reactions such as precipitous fall in blood piessure, 
anxiety, and so foith Blood flow was detei mined again immediately aftei com 
pletion of the mjection and at legulai inteivals foi thirty-five to fort; five 
minutes theieaftei 



Fig 1 — Blood flow in the leg before and after intravenous administration of 

monium chloride 


tetraetlub“ 


leseiita 


A typical senes of blood flow cuives fiom the foreaim which are r 
turn of the changes observed in all the extiemities is shown in Fig ipj,enevt 
cuive IS a record of eontiol flow , the total flow was 102 c c pei minu e^^^^ ^ 
flow curve was taken five minutes after the injection was started ® 
flow of 314 c c pel minute, a significant mciease over the contro oi 
two curves w^eie taken at twenty and thirty-five mmrrtes, respective 37 
injection was started, they show a gradual reduction of the arigjne^ 
it IS still higher than the control value ^ 2. 

The typical response to tetiaethylammoniunr ehlonde is „jYeii 

After the control blood flow was established, 300 mg of the diUn ^ ^ 
tiavenously The blood flow increased immediately and the pf^^ 


about five to six minutes after the injection was started The 




FFFECT Ob TFTR\FTH\LmMOMUM CHLORIDE ON BLOOD FLOW IV M VN 745 



Minutes 


Fl? .4, Cliauees In blood flow In the upper and lower extremities as a result of lntra\enou8 
injection of tetraethylammonlum chloride. 

of the increase m the leg \\ab 197 per cent highei than the control \alue The 
oiv then giaduallv decreased Imt even at the end of the observation (thirty 
ve minutes after injection) the flow was still greater than tlie control 


Table I Effects of Intravenous Vdmimsthation ot TETRAETUYLAMiroNiUM Chloride on 
THE Blood Flow in the Extremities 


RDBJECT 

flow (c c per 100 c < 

CONTROL 

J of tissue per min ) 1 

MAXIMUM AFTER 
TETRAETHlLAMilON 
lUM CULORn>E 

INCREASE IN FLOW 
(%) 

DOSE OF 
TETRAETHYL 

AMMONIUM 
CHLORIDE 
(MO ) 

1 forearm 

1 LEO 1 

FOREARM 1 LEO 1 

1 rORE.\RM 

1 LEO 1 

1 

73 

32 

14 7 

95 

101 

197 

300 


1 7 

1 7 

34 

5 1 

100 

200 

300 



45 



72 

_ 

60 

300 


4 7 

18 

10 0 

40 

113 

1 9.9. 

300 


67 

38 

10 5 

75 

57 

97 

450 


50 

- 

110 


120 



300 

Tr:r 

40 


83 


108 

— 

300 


49 ^ 9 7 0 7 100 135 


T results obtained from studj of the seven pereons are summarized m 
s e I The aveiage blood flow in the forearms of all the subjects before the 
^ ministration of tetraethj lammonium chloride was 4 9 c c per 100 c c of limb 
° imie per minute, and it langed from 17 to 7 3 cubie centimeters After the 
ion of tetraethj lammonium cliloride the blood flow increased in eveiy case 
e maximal increase occurred between fi\e and fifteen minutes after injection 
for nuie minutes) In all the subjects the maximal blood flow in the 

per 10 ^^ the injection of tetraethylammonlum chloride averaged 9 7 c c 

met volume per minute and ranged from 3 4 to 14 7 cubic centi 

®rs Thia represents an aveiage increase of 100 per cent o\er the control flow, 




746 


SL-VUGHTIR, BROWN, \\B WVKIM 


witli a lange ol meiea&e o± 57 to 120 pei cent Tlie ( oiitiol blood How iii the Ic-^. 
befoie the admimstiation of tetiaethAiammonmni chloiide a\eiaged 30 cc per 
100 c c of limb volume pei minute and langed fiom 17 to 4 5 cubic centimeteni 
Aftei injection of the diug, the blood flou in the legs also increased m eien case 
and reached a maximum at the same time as in the aims The aveiage niaxiinal 
blood flow in the legs, aftei injection of tetiaethvlammomum chloride, wasCG 
c c pel 100 c e of leg volume pei minute, the lange was fioni 40 to 95 cubic 
centimeters This lepiesents an aveiage mciease ot 135 pei cent ovei the control 
salue with a lange of tiom 60 to 200 pei cent The iiiei eased blood flow in both 
upper and lowmi extiemities giadually legiessed , neieitheless, at the teunination 
of the ohseivation thirty -five to toit>-five minutes aftei the admnnstiation of 
tetiaethyldmiiioiiiuni chloiide, the flow*^ was still highei than the contiohaliic 
V rise 111 cutaneous tempeiatuie accompanied the inciease in blood flow 

In addition to the changes in blood flow', the subjects expeiienc-ed numbm^a 
and tingling, tach'v caidia, a metallic taste, diMicss ot the mouth, and laiiahle 
distui bailees of vision with impaiinieiit of accommodation 

SUMMARX 

The eftects ot intia\eiiouslv administeied tetiaethvlammomum ihldnde on 
the blood flow in the iippei and low'ei extiemities ot healthi subjects were 
studied pletlnsmogiaphiealh b^ the use ot the compensating spnometei re 
eoidei In the piesence of i asodilatation due to a lelativeh waim emnonnient 
of 80 to 85° F , tetiaethvlamnionium chloiide piocluced a substantial inciease in 
blood flow' in the uppei and low'ei extiemities The aieiage inciease m bw 
flow was 100 pel cent in the toieaims and 135 pei cent in the legs In addition 
to the inciease in blood flow, distuibances of vision with impaiimeut ot acconiiuo- 
dation metallic taste and diMiess ot the mouth, and inciease in hcait lateoi 
culled aftei injection ot tetiaethvlaminomum chloiide 
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PALSL PUSlTIVh TI STS FUR SYPHILIS \ !• L RTH^^R STUDY OF 
THl m lYCIDtNCP IN SPOROZOITI INDLCI D \ I\ '\DVL VRIA 

John F Ivi-nt* W>siiin( ton I) C Wii i um B PiiwhT t O Robfkt 
C o\TM:.\ t VND \V Cliuk CoopfrI ' 

Bftiifmh All) 

'yilH, 1)10^11111 ul tcstiii^ mtiiiulari iK in piisoiiu inhintLiis winch was 
A mitiitcd 111 1944 b\ the National Iiislituk of lit ilth ha.s iftoided excep 
tioiul oppoitumtiLS to stud\ tilt ( msititt itlatioiisliip of inalaim to false posi 
tivt tests foi sjphilLs Tilt list of txpinnuntil s]Kno70ite iiiductd infections 
las made it possihlt to dtnioiisti ilt llu aliseiue ot noiispteifK stnini itaetions 
„roups of stlcctid nons\ pliililit iinltt uliiils hetort tvposuu to malaria 
md to txainiiit succtssut stiinii spttnntns thioiuh all starts of the drscast 
^ruinslia\chLLn sent to tin \im\ Mtdit tl Dtpirtment Ktscaich and Oiaduatt 
School whtit the\ hut iittn suhjttttd to stand ud and txpenmtntal tests foi 
Mphilis The first stiolu^it studits uhuh utu tonhiud to llocculatioii tests foi 
'''PiMs, piovided iiuteiial toi in eatliei iipoit ’ It u is found that the stand 
foceulatioii tests in „enei il \ieldtd i hvli imidtnte of nonspecific icactioiis 
0 infection i\ith Plasmodium mux \\hcica.s i micioflocculation test 

''It i cardiolipiii antigen® showed lel iti\el\ lew such iiattioiis 

In toiitinuni^ these seiolo^ie studus it Ins been oui puijiose to extend tlie 
ni\esti„atioii to eoiiiplenietit fixation is well as floteiil ition tests foi s\philis and 
hnndudc teit nil nioie leteiith dexetoped tests th it i mi>lo\ taidiolipin intioCns 


M\fhRI\l-s \ND Ml-Tlll)I)s 

M tktttil from wlut» mail, vulunteerat oul\ tlio t; indi 

or tonsidcfed nlio c iir(limiinr\ i xamiiution'i Iioued no (hnical unumnestn. 

\ eenltnce of ajiiliihs Sukchim |i<impnH of si rum «tre obtained from eaoli 

n etr tforc Iun iiioiulatiun Mitli inilirn li\ mo ijutto biti it two lo three d jnttrvul 
The^f^ ^ 1 °"^ aiinjcdi itcl> follow inj, atticks and at weekly mtirvals during, periods of latency 
fhe ^ of stub in iiian\ of tin Aoliintisr** istindid oiir a period of ti},ljteen niontli 

10 ** '“'■niiiiB were prt eriel in tul)t« loiituiniii^ tried ^^c^thlolate utfiiient to i,i'e a linal 
^ nidlilittr of m rum TIka wen lnpi>e] Ijt ordinirA mini to 

miy Mcdiiul Depiitiiient HisttiiU mid ( riiduutc bilmol whin 1lie\ were subjected 
cig t serologic tests for sjpliili tour of tliert teat enlplo^ed orlimrj ti‘' 3 U 0 extract 
remainder wire lurriel out with lardiolipin antigens Tlie former group 
snAh ^>ihn staiidarl test the Klint txclu'iion inrl Ma/zini nm roflocculation test 

hjss kr **^^*''^ Kolmer toiiiploim,nt hxHtioii test The latter group consi ted of the Kein 
‘i and ^ I)11L3 microflotculation tests i Ivoliiitr lomplement fixation test < and a 
^ ^ a iielj standardized complement fixation procedure** wliieli has been designated the 
Y Hinie till on 1 point of >0 per lent hemuhsis is employed m its t indardizatiqij 

J a of (>401 serums were examine 1 in this maiuier >1 4 erologie tests for s\phili. 

"ere performed 

r 

i rJan ^ whieh form tie bi Is for Uil tu 1 \ were porfoimel bj Ri bert V, 

1 Harriet M Boj I t whom hniteful jckiiowl Inem nt Is ma k 
f r publkatlon XI ir 0 IIHM 

heal C^^itcr*’^^ Seroloi,> \n ij Xfelicil De|»itii nt It ei rcli anl (jiailuate bchool \rii a 

UiAi i( n ( f Tiopfeal Disea e National In tUute of llealtb 
m the I-cilcral Coirectlonal In titutfon ^cagovill Tex 
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RESULTS 

The piesent lepoit is based upon results obtained with 104 individuals n ho 
experienced one oi moie attacks dm mg the eouise of then malarial infections 
Of this group, 78 had been infected with sporozoites of the Chessoii strain of 
P vivax, 17 with sporozoites of the St Elizabeth strain, and 9 mtli sporozoites 
of both strains siniultaneouslv Collectively these subjects experienced 307 at 
tacks of malaria 

The incidence of false positive tests for syphilis was deteiniiued fioiii the 
number of subjects who developed persistent nonspecific reactions aftei infection 
with malaria To be considered as a false positive reactor, it was required that 
an individual show reactions of plus-minus or greater in at least two successive 
serums Of the 104 mfected subjects, 75 (72 per cent) developed such false 
positive reactivity in one or more tests at some time during the coiii'se of the 
disease This composite group represented 51 (65 per cent) of those infected 
with the Chesson strain, 15 (88 per cent) of those mfected wnth the St Eliza 
beth strain, and 9 (100 per cent) of those mfected with both strains Tlicnuni 
her of individuals included in the last two gi oups was too small to permit accu 
rate conclusions regarding the relative incidence of false positive reactois The 


Table I Results Obtained in Eight Serologic Tests ton Syphilis Using SiccessW 
Serums Drawn Before, During, and Aptep a Primary Attack of Sporozoite Indvot 

Chesson Strain Vivvn. Malaria 


DAT TESTED, 

relative to 
exposure 
date (day 0) 

KAHV 

STAND 

ARD 

KLINE 

EXCLU 

SION 

SIAZZINI 

PLOCCU 

LATION 

KOLMER 

STAND 

ARD 

REIN 

BOSSAK 

VDRL 

kolmef 

cardio 

LIPIN 

- 11 

— 





_ 

- 

+ 

— 






- 

+ 11 I Parasi 








- 

+ 15 Wtemia 

— 






- 

+ 22 patent 

344 

4 

+ 

3 


- 

- 

+ 26"^ 

444 

4 

1 

1 

__ 

- 

- 

+ 29 

1 P. 9, 

4 


+ 

__ 

— 

- 

+ 37 

-±i 

4 


+ 



- 

+ 41 

— 

1 



_ 

- 

- 

+ 47 

— 


- 

- 

- 

- 

: — 


EP 50 
CIKBIO- 
UPLN 


frequency with which such reactors were encountered in mfeetions "hi 
Elizabeth strain appeared high in comparison with the more 
experience^ in which 61 per cent of 80 similarly infected subjects c' 
nonspecific reactivity If this earlier observation is taken as the moi® ^ , 
worthy, false positive reactors would appear to occur with approxuna e ' 
frequency in infections with the Chesson or St Elizabeth strains 
tionally high percentage of reactors among the few individuals who "Cie 
with both strains may represent a significant difference, but the fin 
confirmation m a more extensive senes 

Table I illustrates the results obtained m the eight tests toi Mpb 
successive serums drawn from an individual before, during, and aftei a j 
attack due to the Chesson strain In this case parasitemia became pate» 



Table II Subjects Developing False Positive Eeactivit> in Sepolooio Tests iok Svpiiius Duiino Spopozoitf Induced Malaua^ 


FALSE lObITINP TESTS FOR SYPHILIS 
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ele\enth da’\ attei mociilation On the twenty -second dac, nonspecific rcic 
tions appealed in all tom ot the tests that employed oidman tissue extract 
antigens Thex" peisisted toi inteivak vaiying fioni hve daxs toi the llazziiii 
test to txx'enty days foi the Kline exclusion test In maiked contiast ueie the 
lesults obtained in the tests emploxmig eaidiolipin antigens The ReiiiBossak 
and VDRL niiciotloeciilation tests as xx'ell as the Kolmei and E P 50 comiile 
nient fixation tests lemained negatix'e thionghout 

False positix'e leactions xveie not ordinaiilx’^ encounteied in ach aiice ot the 
level 01 paiasitemia of an attack Oecasional exceptions to tins mleucieoh 
seix^ed xvhen lelapses occiiried befoie the seiopositivitj due to piecednig attackx 
had subsided Reactions appealed, on the aveiage, 8 7 davs tollomng the onset 
of patent paiasitemia, the inteival vaixing xxnthin the limits of 0 to 39‘(Ia)s 
depending upon the individual and upon the specificitx of the test These lalucs 
coiiespond closely to the mean inteixal (8 3 daxs) and lange (0 to 30 daxs) oh 
seixed in the piexious studx ^ in xvhich the majoiitj' ot infections xx^eie due to the 
St Elizabeth lathei than to the Chesson stiain It should be pointed out that 
xxhile nonspecific leaetivitx in most indmduals xxas transitoix and of loxv de 
glee, reactions as high as 4 plus xxeie encounteied xxnth all the tests Keactmt' 
due to single attacks of malaiia peisisted toi peiiocls x'aiyuig fioni 2 to ddaxx 
the observed duiation again leflectnig diftei dices in the indixidual and lu the 
specificitx* of the test False positixe leactions ot longei duiation (23 to 181 
days) xveie obseived in txxentj-one instances xxdien one oi more successive le 
lapses extended the seiopositixitx due to an eailiei stimulating attack 

A compaiatixe analxsis ot the tests xvith legaid to then specificit) tor 
sjphilis xvas based upon the lelatix'e numbei of subjects who became false p® 
tive leactois as defined in the foiegomg Sepaiate analx'^ses xveie made for x 
thiee gioiips that xx^eie mtected, lespectix’ely, xvith the Chesson, the St ^•ra^ 
beth, and the combined stiains These aie summaiized in Table II xvlnci 
the numbei s ot false positive leactois encounteied xvith each test ni 
malaiial attacks As indicated' ni the piexious studx,^ then incidence xxas 
est in piimaix attacks, the numbei s decreasing piogiessivelx xxitli siiecee 
lelapses Among the pioeeduies emploxing oidinaix tissue extiact 
Kalm standaid test jielded the highest numbei of nonspecific leactois ai 
Kolmei complement fixation test the loxxest Ot the tests with oaidrolopjn 
gens, the Rein-Bossak and VDRL miciofloceulation tests shoxxed sti 
leactois and the Kolmei and E P 50 complement fixation tests all but e im^ 
such leactois It is notexvoithy that the same inclixndual accounted 
leactions xxhich xx'ere obseixed in the caidiolipiu complement tixa 
These leactions attained the maximal degiee ot 4 plus dining a ^ I*' ^jujan 
They xxeie paialleled Iix' eciuallx stiong leactions ni all the tests xxi 
antigens, hut no leactixitx xxhatsoxei xxas encounteied in the cai lo 

fiocculation tests All the seiologie findings in this case xxeie coiio 


lepetition 

Some additional evidence ot the lelatixe specificity of the tests 
tamed bx compaiing them xxith legaid to (a) the inteiwal betxxeen 


could be 

onset of pat 
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Iabix Ur Inters vl Iroii 0^s^•T of Pvtlnt 1 viLvsiTtiH^ to Vppearancl oi PALbE Positul 

RF\CT10N \ND Dui ATION OF HfVCTION IN FlOHT SEJJOIOOIC TESTS FOR SYPHILIS 
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ent lunsittmia and tlic dL\clo|)mcnt ot tlu usptctHe talsc jiositnc itactions 
and (b) tin. duration of these uactions The nunn \dluc calriil ited tin each 
IS oUeii \Mth the lan^e in Tahk III It is ol interest that the tests m whicli 
nonspecihc uactions appoircd eulust ind listed longest ^\ele those which 
showed the highest meidencc ot talse positue leaetois (compue Table ID The 
occuiieiKe of onh one le letoi in tlu complement fi\ation tests witli caidiolipin 
lUtioCn pic\euted compTiin^ tlicm with the otlui tests on this bisis hut left no 
doubt us to then supeuoi speeificit\ 

The picsent fiiuline.s supimit the (onelusion that in Mva\ malaiia com 
plement fi\ation tests foi s\i)liilis show a hi^hei dcr^iee of specificit> for sjphilis 
than do the ilocculatiou tests Tins supeiiont\ was e\idtnt iCoaidless of whethei 
nsiilts with oidiiUM tissue c\tnot oi with eaidioliinn antigens weie compared 
The intioduction ot taidiolipiii antigens leduecd the incidence of false positive 
reietions m inieiofloeeulatioii tests iiid \utualh elimiiuted such reactions in 
complement hxatioii tests Tlie spc(ihcit\ of tlic caidiohpin tests was sinking 
ni new of then lii„h sensiti\it> in syphilis Tlie obsei vations hd\e obvious im 
I'bcationb i-Coaieiiiio the serodu^nosis of s\pbilis pirticulail> wheie the pos 
‘’dnlite of I cuiient oi lecenth subsided inilarial infettioii mses 

SUMM \K\ \ND CONCI I SIGNS 

111 contiuuiiic stuelies ot nialaiii u.s a e*uise of false positne tests foi syphilis 
^■103 specimens of seium weie eollected at suitahlc inter\als fiom 104 iionsyphi 
htie mduiduaLs with spoiozoite iiiduecd \i\aN nulaiia The serums weie sub 
Jt^ted to ei^ht seiolo^ic tests foi s\philis whicli intluded flocculation and com 
plement h\ition pioeediucs eiiipIo\iii„ cithei oidinaM tissue extract or caidio 
hpm antigens, 51224 tests weie performed m all 

Seientj fl\e (72 pei cent) ot the 104 subjects developed false positue reac 
h'fl} in one oi moie of the tests foi sjphilLs at some time during the course of 
their malarial infections Nonspecihc reactions appealed fiom 0 to 39 days 
showing tlie onset of patent parasitemia and lasted from 2 to 181 dajs Their 
time of appeal ance and diuation railed with the induidual and with the spec 
oi the test 
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Complement fixation tests for syphilis exhibited a Inghei degree of spet 
ificity for that disease than flocculation tests Of the pioceduies emplojmgor 
dinary tissue extract antigens, the Kahn standard test showed thehigtein 
cidence of false positive reaetois and the Kolmei test the lowest Cardiolipm 
antigens reduced the incidence of nonspecific reactions in mieiofloceulation 
and virtually eliminated such reactions in complement fixation tests 
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TRANSIENT POSITIVE WASSERIIANN TEST FOR SYPHILIS IN 
ACUTE HEMOLYTIC ANEMI\ 

AIich vel a Rudinstein il D 
Nfw Aohk N \ 

C OJIPKBHFNSIVr fatudieb of the incidcnec and natuie of the biologic false 
positue leaction for s}pliilis with an e\haiistne leview of literature ha\e 
been published recently bj Davis, "Mohr and cow oiled’s Beerman Rem and 
Elsberg, and Kolmer ^ Tiic leader is refeiicd to these e\cellent publications for 
more details 

The case to be reported hole is one of acute actjuiied heniolvtic jaundice 
with spontaneous iceoveiv following transfusions Tiansient positive Wasser 
mann testa foi syphilis were found dming the acute hemolytic attack and be 
came negative after the attack subsided 

Smee we have not found anj recoid iii the available literature of biologic 
false serologic reaction in the course of htmolytic anemia this case seems worthy 
of reportmg 

CV&E llEPORT 

Patient J Z, n 50 year old white man entered the hospital on Sept 23, 1940 vnth com 
plaints of yellow discoloration of the skin The familj and the patient s own past lustorj 
revealed no history of jaundice at any time nor of anj exposure to chemicals The illness 
had begun a month previousU at which tunc tbo patient was told b\ a phvsiciaa that he had 
jaondicc and an enlarged liver 

Blood examination on Sept 19, 1940 showed hemoglobin, 2o per cent red blood cells, 
1,500,000 white blood cells, 9,400 differential count normal ictenc index 24 At that time 
a sli^tly enlarged spleen waa felt and a moderately enlarged axiUarj node was noted 

At the time of tho patient’s admission to the hospital the skin and sderao were atnk 
ingly yellow There was an enhirged firm moMiblo slightly tender lymph node in tho right 
axdla, about 5 cm. m diameter Tho spleen was felt 1 fingerbrendth below the left costal 
Juargm and tin, liver was felt 2 fiegerbreadths below the right costal margin There was 
severe anemia (hemoglobin 3 5 Gm , red blood count 1,150 00) with a most pronounced 
reticulocytosis of 88 per cent and normoblastosis as weU as macrocytosis Serum bihrubm was 
4.0 mg per 100 ml and the >an den Brrgh reaction was delayed The red cell fragility test 
m &alme solutions showed beginning hemolysis at 0 70 per cent NaCl and complete hemolysis 
at 0 50 per cent NaCl Sternal bone marrow aspiration revealed a markedly hypercellular 
marrow with marked increase of erytliro normoblastic elements in the differential count 
(about Co per cent of the total nucleated cell count of 500,000 in 1 c mm ) T e urina ysis 
Bhoffed traces of atbunun and was negative for bilo and sugar 

On the basis of these findings tho diagnosis of benioljtic anemia was made 
In order to determine the possible etiologic factor of tius liemoljt.o process 
“ladles were made The Wasseriaaaii reaction was reported 4 plus on Sept .4 104 , wi 
tto Kahn reaction negative Tho Doaath Landstoiner test was performed on Oct lJ4b 
“ad was negative for the presence of spceifie cold hemolysins The lack of history of “ 
posure to cold was also against the Donath Landsteiner mechanism of hcmoljsis Cold 
“gglutimns were nbaent as well Agglutination tests for typhoid, paratyphoid A and B 
bniceUo ais, and Proteus OX„ were negative Also, the presence of malarial parasites 

From the Medical Division aionteflore Hospital 
ReceUed for publication Mar 3 1048 
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IKVNSihNr lOsifIXh \\ XS'shH'Xf \\\ llSl I\ XClTfl- HI M()L\TIC VNf-MU lY) 

<ouId uut I>L liown Blood cultiirL wire lupitnt Biup \ tud\ of tli< aMllar^ tiudi 
revealed graimloniatuus I3 niphiukintiH with niultiple nhsoesH foriimtioii no speiifie etiulo^v 
lonld be !jU},},estctl, but h niphoimitnus ilism is wore mini out 

Bec'iu'ie no underlain;, diw i l louh) be shown or iinv known exposure jniriininated, 
the hemohtie procis wns dednnl as acute acquired IienioUfic anemia of unknowoi origin 


1 \ni L II sanwi Boni AImikiw Stuuis 


Date 

‘1/. 1/41 

l0/2u/4<) 

Total Ducleiitid clU count (pir 1 i mm ) 

>00 000 

IjO oni) 

Number of inegakar^ocvtis (pir 1 c mm ) 

(lO 

2- 

Jlifferentnl count (<7) 
ilveloblnsts 

OS 

Oo 

1 romveloofia 

2 0 

I 0 

Mvelocjtca neutrophils 

ISO 

2> 5 

Mvelocjtes eoainojiliil 

04 

2 5 

Non eginintcd neutrophils 

OO 

1 ) 5 

Segmented neutrophils 

1, 

12 5 

Segmented losinophila 

1 < 

1 5 

Hogmientcd Invoplnls 

- 

n > 

1 vmphocxfes 

1 0 

8 0 

Ilematogoncfi 

05 

1 0 

Plasma cells 

0 > 

0 T 

Reticulum cells 

0 4 

- 

Proerythroblasts 

1 . 


Erythroblasts 

12- 

> 0 

Normoblasts 

>1 0 

2j 0 


The patient was i,ivia rtpt ited transfusions with evcclliut heuiatologic and climuil 
response There folloutnl a pro{.rcssi\i iinprovcincnt of the patient s general condition 
the Iiepatosplenomcgal) gmdunlK rticdul the rctl blood tount incuased the rctirulocjtosi 
subsided, and tlie fin^ditv of led cells returned to uornial range On Oct 1- 194(3 the 
hemofilobm was Ho Gni and tin rtd blood count 1000 000 On Oct 14 the ■\\a.sscnnann 
•ind Kahn were nogatut iml nniumd so on nil subeqmnt oiamiuations up to the time 
of writing 

The patient was distliar|,ed in good londition on Oit -0 1940 with hemoglobin 111 
per 100 cc and led blood count 4 430000 per 1 cubic milbmctei The bone marrow 
examination lejupted on Oct -5, IO 40 , showed issentiall^ noriiinl findiu„'< 

The patient returned to work and '•incc then has been observed in the follow up 
hematologj clinic The patient has reinaincd m good heultb and no clinical or hematologic 
abnormalities have lieen noted 


COMMPM WDStMArXKl 

A case ot liemoljtic ineinn is lepoitcd m which 'i tiaiisimt stronglj iiosi 
hvL AVas-stimaiiii leaction was found with iicgatixe Xvalin md Kline tests 

The AVasseimanii leactiou declined giaduallj with the leceding heinol>tic 
Jiuiidice AVhen tiie patient was fii’st cxiimned at tlie lieight of the iiemoljtic 
looccss (hemo„loi)in, 3 5 Gin inlOOec lUiculocxtes 88 ptr cent) the Wasser 
oiaiui leaetion was 4 plus ten da>s latti with 5 5 Gm hemoglobin and 58 pel 
tent reticuloex les tlie AVasseimanii leactioii was 3 plus finally aftei the fol 
lowing ten daxs witli 10 Gm Iitmolgohm and 60 pei cent reticulocx tes the Was 
*^11031111 leactioii was ne„atne thiouohout 

Altliougli Ave liave not found anx othei lepoit in the available liteiatuie of 
nologic false seiologic leaetioii 111 the coui’se of iiemoljtic anemia, the case re 
forded heie is not the onlx one known to us We haxe piexioiislx oKserxed a 
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patient with ehionic hemolytic anemia associated with Laeniiec s cuihosis of 
livei and complicated by diabetes mellitiis in whom positive seiologie tests lot 
syphilis giadually became negative aftei splenectomy Siniilai uiipubhslicd 
obseivations weie made bj' other authois- in eases of acute as iiell as chronic 
hemolytic anemia, in which both the Wasseimann and the Kahn tests showed 
transient positive leactions 

It appeals therefoie that the oceuirence o± biologic false Wasseimann w- 
action in hemolytic anemia might not be uncommon 
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THE PURIFICATION OF DIPHIHLIIIA AND TETVNl^ ANTITOXIN 
h\ THE USE OP PEPSIN 

*Vr.DERT Glvubiger, ilS 
New loRK, N 1 

INTRODUCTION 

INVESTIGATIONS bj numeioiis woiUi-s hint, shown tint iiitibodies aic 
1 closelj related to iioimal seiimi pioteins 'iiul ot-iur m the globulin liactioii 
of serum The chemical and immunologic bdin\ioi of antibodies and antitox 
nis has been lenewed b\ Ivabat* in a paper dealing witli the iinmunochemisti\ 
of proteins It has been 1 nown for inrnj aoais tliat ceitain antibodies aie ie!a 
tuely lesistant to destruction pioleoK tic eiizMnes ' This plopelt^ has been 
utilized bj Paifentie\,° Pope ® more iccentU In Geilough ^ and In otheis to 
effect the puufication of antitoMus 

Various pioteohtic enz\mes hare been emjilored to punfr nititoMiis 
tel followed at a later date br Hellanbj ^ first studied the action of tnpsin 
aud pepsin upon diphtheiia nntito\in It is of inteiost to note in passing that 
m 1903 the first coiuineicial patent rras granted In the Bntish Pitent Ofher to 
liTei Imia)^^ for the puiificatioir of diphtheiia antitoMn In the action oi 
tn psin and also bj the action of pepsiu 

It was mail) rears follorrmo the mr estimations of Pick and Hellanbr that 
luteiest rras again lerired br Pufeutier in the use of enzrmos to punfr anfi 
toxins The studies of Paifentier® rreie follorred b) llie inrestigations of Pope® 

0 reported that m addition to the use of pepsin sitisfactoir results could dso 
obtained with tirpsin papain nialtin (obt lined fiom a commercial piepai r 
■on of diastase), and fibiuiohsni Modem and Ruff’^ coufiimed tlie obseira 
■Oils of Pope eonceiniii^ the peptic puufication of diphtheria antito\m The 
enz)matic puuficatioii of tetanus antito\m rras confirmed br Sandoi and 
liichmd^ and also br ilodeni and Ruff" 

C^Oohill and corroileis* hare dercloped a pieces to puiitr antitoMiis 
^■jig the enzyme Taka diastase More leccntlj Noithiop*® has piepaied pun 
6 diphtheiia autito\in br lueuis of digestion of the toxin antitcxm eomp'ex 
■ 1 crrstallme tr)psm follorved br fractional piccipitatioii rritb ammonium 

sulfate 

This discussion would be incomplete without a biief statement conceuiiiu 
■e effect of pioteohtic eiizrmes upon antibacterial sera Antibacterial inti 
0 les behare somewhat diffeieiitl) torvaid peptic action than do antitoxic anti 
Schultze" has obscired that diphtheria tetanus and peifimgens anti 
^■e sera are less extensirelr hjdiohzed than nornul hoise seium On the 
■61 liand, antibacterial sera prepared against inieumococcus and stiepto 
ycus are h)diohzed at the same rate as iioimal horse serum Grabai" noted 

Wiliam Halloclc Park Laboratory Bureau of Laboratorie Deparlm nt of 
Rtcti\ed for publication Feb 1 1918 
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that t 3 pe I autipnemnoeoecus horse seium which was subjected to peptic ac 
tion lost one-half of its antibody nitrogen with an aceompanymg loss of only 
one-foiiith of the total nitiogen The observations of Schultze and Giabarliaie 
been eonfiimed by van dei Scheei and associates'^ in then electioplioietic ei 
amination of digested sera 

The puisuit of suitable methods foi ti eating immune hoise serum m order 
to avoid seium leactions in human beings has spuiied the development of the 
enzjmiatie process for the pui ideation of antitoxins Weil, Parfentiei, and 
Bowman"® weie the fiist to study the antigenic qualities of hoise serum anti 
toxin They found that treating the antitoxic seium with pepsin impaired the 
antigenicity of the seium to a gieat extent 

The investigations of Paifentiev and associates weie followed b\ the 


studies of Coghill and eo-woikers^® on the use of the enzyme Taka diastase to 
eliminate horse seium speeificitj' fiom antitoxins The pi emise underlying the 
use of Taka-diastase is that the carbohydrate portion, which is associated inth 
the pseudoglobulin fraction of hoise seium is responsible foi seimn icactiom 
in human bemgs Eimmgton-^ was the fiist to isolate and study the chemical 
properties of this polysaccharide Howevei Coghill and Cieighton, usmgthe 
chemical piocedures of Rimington, demonstrated the nonspecific natiue of 
carbohydrate associated ivith horse serum pseudoglobulin 

Kass, Scheiago, and Weavei"® have investigated the effects of euziiaia 
digestion upon the antigenic qualities of antitoxic and noimal hoise plasmas 
Their plasmas weie digested with Aspei gillus o)yzae diastase, malt diastase an 
pepsin Using the Sehultz-Dale technique m then anaphylactic studies w 
guinea pigs, thej'' found that the digested antitoxins were antigenically labt 
no matter which of the thi ee enzjunes mentioned was utilized foi digestion o 
the hoise plasmas 

There are available two geneial methods of puiifymg antitoxic sera f 
means of pepsm These methods aie outlined by Parfentiev and PopO) 
tiveh In the method of Parfentiev the unwanted proteins of antitoxic se 
are digested at about pH 4 0 ^ This is followed by the adsorption of noua 
toxic proteins piesent in the digest product t In his process Paifentiev po 
the digestion of an antitoxic serum to continue to a point wheie proteos ^ 
other substances commonly associated with the enzymatic deconiposi 
proteins are produced These substances as well as some pepsin vine 
main must be adsorbed from the solution since they are not leadily 
from the antitoxic proteins by the usual method, that is fractional 
with ammonium sulfate In practice, various adsoibmg agents aic 
such as aluminum cieam,-^ tiicalcium phosphate,®^ oi othei simdai su 
In a subsequent patent which Parfentiev obtained,^: digestion of an a^^^^ 
serum is earned out at pH 3 0 to pH 3 2 at 37° C for several hours 
again followed by adsorption with tiicalcium phosphate m a maiinei 
to the procedure, previously described 


•\3 outlined in U S Patent No 2 065 196 (1936) 
t Xs outlined in U S Patent No 2 123 198 (1938) 
JNaniely U S Patent No 2 175 090 (1939) 
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lu the pioeediue ot Pope iiititoML sciinn is ticitid with pei^bin foi a 
short period of time at lOom tenipeiatme This step is followed hy lapid heat 
ing of the serum m the piesence of i laioC quiutit\ ot i salt to some critical 
temperatuie at which tempcratiuc the unwanted pioteins -ue loigulated The 
antitoxic proteins rem iin iii solution nml mu le^(ll^^ bi sepai ited lioni the 
coQgulum filtiatioii oi Leiitiiin^ation This is followed b\ the addition of 
more salt \nth the subsequent piecipit ition of the antitoxic pioteiiis This 
method is based on the following consideiations Accouhn^ to Pope diphthen v 
autitoxm IS i complex molcculai aggie^ite winch consists ol two paits One 
part is readih denatiiicd bj heat, stiong acids oi ilkalies and so on, while tht 
other part which c lines the antitoxic piopeities is not le idil\ den ituicd This 
theorj has been sulistaiitntcd foi diiihtlieiii antitoxic horse psemlOolohuhn h\ 
Petermanu and Pappeiiheimei ® is well as for bo\me pseiuIOj,Iobulin 

It becomes CMdent at once from m euimnutKm ot the two metliods that 
basic differences exist between the piocediue of Pufcntiei nid that outlined 
by Pope The formei metliod depends upon tlu digtstioii of stiiim pioteins 
with the coucQuutaut production of subst iiicts iisualh issoci itcd witli the eu4\ 
matic decomposition of pioteins The method of Pope consists in i <lisiggre„a 
tiou of the pseudoglobuUu In pmtnl euzMue action followed bv luat, which 
results m the separation of antitoxic tiom nomutitoxic piotcm In the lattei 
instance, theiefoie, tiue digestion does not take place to iin considenble extent 

PJlOCtmURES 

The pimcipal eiizMuc used toi the piepai ition nid pmificatiou of antitox 
itis ou a coniniercial sc ile is pepsin The use of pepsin li is obviated the difficultv 
fixperjfijiced in eoutiollmg the digestion piocess as well as the difficulty in sepai 
tlie euzjine itself fioui the solution of antitoxin once its function in the 
purification process has been completed Jiy \ living the pH value of the solu 
hou It IS a simple matter to control digestion and to obtain a solution of anti 
toxm entnelj free of peptic action llfoieovei commercial preparations of pep 
sin of various digestive potencies and of leasonable puiity may be pui chased 
m sufScieut quantities For the foiegoiiig leisons pepsin is cmploved in the 
fodowiiig procedure to effect the pxuificitioxi of dipliflieiia and tetanus anti 
toxm 

P'locessing of Plasma and Olohultn — Tlie cntiie jnocess given below was 
*^n*ied out m a jacketed vat liiving a capacity of 65 liteis Sample batches oi 
antitoxic horse plasma or antitoxic pseudOolobulins v\eie tieated with pepsin 
i Antitoxic plasma or antitoxic pseudOoIoimlin lecovered fiom ammonium 
sulfate fractionation of iniuuine horse plasma is diluted w itli a sufficient volume 
of physiologic salt solution to leduce the total solid content to 2 to 3 pei cent 
- Foui tenths per cent phenol is added to the diluted plasma oi globulin 
solution The addition of phenol seives not oiih is a pieseivative but also aids 
^be heat denatuiation piocess listed below 
3 The solution is then adjusted to pll 3 1 with solid citiie acid This 
procedure is carried out with constant stiiiiiig bv meins of a mechanical sturcr 
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4 A small quantity of powdeied pepsin 1 10,000 is added aiid the solution 
IS stilled until all of the pepsin is dissolved The pH value of the solution rto 
to 3 2 The quantity of pepsin chosen is such that the value of the latio ot the 
amount of pepsin to the quantity of piotein (pepsiii/total solids) is less than 
1 10 

5 The solntion pH 3 2 is kept foi one houi at loom tempeiatme 20 O' 
25° 0 


6 After one hour has elapsed, the pH value of the solution has iisen to 
3 23 to 3 26 A maximum use of 0 06 pH is peimissible m this pioeedure 
otherwise extfensive digestion of hoise seinm proteins takes place with the pro- 
duction of substances commonly associated with the enzymatic decoinposiiion 
of piotein The solution is adjusted to pH 4 2 with lapid stnrmg, usiug dOper 
cent sodium hydroxide solution A white piecipitate becomes evident The 
pieeipitate is a complex aggregiate of denatured piotein which was associated 
with the antitoxic psendoglobulni f i action of the plasma’’ combmed with pepsin. 


7 Aftei one hour has elapsed, 14 pei cent by weight of aiiimoiiiuiu sulfate 
IS added and the solution is heated as lajndly as piossible by means ot steam 
to 58° C in ordei to coagulate the unwanted piotems The solution is kept at 
58° C foi one lioui It is then permitted to cool 

8 After the precipitate has been allowed to settle foi about fortj eight 
houis, the supernatant solution is siphoned off and filtered thiough a Buc er 
filtei funnel coveied with a layei of Supei-cel Aftei filtering all of the super 
natant solution, the coagulum is then passed thipngh the same filtei Both 
supernatant solution and the coagulum aie filtered by giavity 

9 The filtiate with a pH of about 4 1 is adjusted to pH 7 0 with 
cent sodium hydi oxide solution which is added with constant stnimg 
pel cent by weight of ammonium sulfate is then added to the 
antitoxic globulms aie piecipitated The solution is then peimitted o 
toi one-half houi and is filtei ed thiough haidened filter paper 

10 The piecipitate is piessed diy and placed in a cellophane ha„ 
piecipitate is dialyzed nntil the sulfate ion is negligible Aftei 
plete, the pH of the solntion is about 6 3 The solution of antitoxin js 
to the neutial point by the addition of noimal sodium hydi oxide so u lo 
pei cent by weight of sodium chloiide is added to the 

pel cent Merthiolate and 0 35 pei cent phenol The potency o t e 
solution is then tested by fioeculation oi bj’’ animal piotection tests 

Chemically pure leagents weie used thioughout the ,jjj„ frou 

commeicial biands of pepsin weie employed oi digestive potencies rain 
1 3,000 to 1 10,000 Hydiogen-ion values of the antitoxin 
mined wuth an Eleetron-iay pH metei in conjunction with a llac i 
condensei type of glass electiode This appaiatus has been adeqi 


seiibed in a pievious papei 

Sensitivity Tests — Sensitivitv tests weie peifoinied on pioti"' 

unniunized to deteimme whethei theie weie anj'' hoise seiiiin leai 
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in the antitoxin solutions uudei test Tlie sensitizing fluid consisted of an alum 
precipitated normal horse serum prepaied hj adding an ei^ual \olunie of a 4 0 
per cent solution of aluminum potassium sulfate to steiik noimal horse serum 
The precipitate is allowed to settle foi foui houis The supernatant 

solution which contains but a trace of protciu is discaided aud replaced with 
a volume of plnsiologic salt solution equal to the ongiual volume of normal 
horse serum 

Rabbits were immunized hefoit being used for sensitnitv tests by mtraperi 
toneal injections Mith 5 ml doses of alum precipitated noimal horse senun once 
a week for five consecutive weeks It was obscned that the intiadennal injec 
tion of normal horse seimn coutaiuiDg as little as 0 02 mg of piotem nitiogen 
produced a skin, reaction in a sensitized rabbit The shaveu back of a white 
rabbit was marked off into squares of approximatelv 0 sq cm with a blue mark 
mg pencil One tenth millihtei of the test fluid was injected lutiadermally into 
each of the squaies The test fluids consisted of horse plasma antitoxic globu 
hns recovered hj fractionation of plasma with ammonium sulfate and antitoxic 
pseudoglobulnis obtained bj means of the enzvone pioccss pieviouslj described 
All of the test fluids weie diluted with 5 volumes of phjsiologic salt solution 
before injection into a rabbit In practice it was found necessaiy to dilute the 
plasmas and antitoxic globulins not treated b> the enzvme piocess with at least 
0 volumes of saline solution in older to contain the skin reactions within the 
hunts of the squares maikcd off on the back of the rabbit Skin leactions were 
observed for a period of seventy two. Iiours then tlie nbbits were discarded 
The rabbits thus discarded were not emploj ed in anv subsequent test 

RESULTS 

The results of the puiification of diphtheiia autitosm by the use of pepsin 
are shown m Table I The second column gives the material which was treated 
by the enzyme process The nest column gives tlie pH value at which the 
enzrme treatment was earned out This is followed by the potency of the pepsin 
which was added to the diluted antitoxin solution The next column gives the po 
teney of the antitoxin before and after enzjine treatment and concentration in 
per milliliter obtained by the Ramon flocculation test The remaining 
columns of the table are devoted to data on si in sensitiv itj tests before and 
after pepsin purification Tlie labbit skin leactions are denoted as follows 1 
plus erjthema, 2 plus ervthema and edema 3 plus erjthema edema, and 
ueerosis, plus a mild leaction No visible skin reaction is lecoided as zero 

Table I indicates that the fiist four lots of euzjnne purified antitoxin pro 
4uced slight skin reactions especiallv the fiist lot which was tieated at pH 4 0 
with 1 3,000 pepsin Moreovei theie was a twofold increase in the antitoxic 
titer as shown by flocculation tests Beginning witli the fiitli lot the potenev 
increased about thiee and one half times that of the untreated antitoxin Treat 
ms the diluted antitoxin with 1 10 000 pepsin at pH 3 2 foi one lioui at room 
temperature, according to the method described previously resulted in an anti 
toxie globulin which gave no skm reaction An increase m the pH value at which 
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enzjine puiificdtiou -was cdiiiecl out lesulted m an antitoxin winch pioduied 
an inci eased skin leaction Fiom an examination ot Table I it is evideiit that 
the untieated antitoxic globulins in all cases gave moie seveie leactious than 
the enzyme puiified globulins Table I also shoivs that purification at pH 3 2 
ivith 1 10,000 pepsin gaie a moie potent pioduct' than puiification and concen 
tration at the same pH Aalue with 1 3,000 pepsin Pinalh^ while the untieated 


i'AilLE I The Puripic vtion op Diphtheria Axtitovin With Pepsin 
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antitoxin gaie skin leactioiis which became lutensifaed as time 
tensity ot the skin leactioiis lesulting fioin some ot the pepsin-tieatee 
diminished 

Table II shows the results ot eiizAine puiification ot tetanus gad 

data aie aiiauged in the same inaiinei as in Table I The potenci o 
toxins IS expressed nr units per milliliter as obtained br anuna 
tests An examination of Table II shows that appioxnnately the 
Aveie obtained as rrith diphtheria antitoxic globulins It i^ 1° ® plaau^ 
tetanus plasma gare the most seveie slan leaction Fiactionation 
Avitli ammomrun sir! date i educed the luteiisitN ot the skin j,iii n; 

Howe\ei the enz\ me-tieated globulins almost imariably gave no 
action The lesults obtained rvith the last thiee lots show’U m Ta ^vitb 

that antitoxic seia mar be purified by treatment wrth pepsin ni 
the procedure outlined m this paper, regardless of rvlietlier the nil 
IS immune horse plasma or antitoxic pseudoglobiilins ieco\eied lO® 
sulfate fiactionation pla-J''* 

Table III contains the results ot heating diluted tetanus aiitit 
and diluted nonnal horse serum to 58° C at pH 4 2 m the abseme 
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was repeated with the thud poition of diluted plasma with the exception flat 
befoie heating the solution to 58° C , 5 pei cent by weight of diy sodium ehlcr 
ide was added These pioceduies weie also earned out using normal lior^e 
serum which had been treated with 1 10,000 pepsin in the niannei outlined in 
this paper The piotein nitiogen content of the solutions was determined bv 
the miero-Kjeldahl pioceduie of Painas and Wagnei Skm tests were made 
with solutions of equal nitiogen value One-tenth milliliter of the test fluuh 
contained 0 2 nig of piotein nitiogen 

An examination of the data in Table III shows that both the diluted nor 
mal hoise seium and the diluted tetanus jilasma haxing a piotein nitiogen con 
tent of 2 0 mg pei millilitei gave the most seveie reactions This fact liaj 
already been mentioned in connection with the skin test data shown in Table 

II Less seveie leaetions weie ohsemed with diluted noimal hoise serum and 
with the diluted tetanus plasma which had been heated to 58° C m the absence 
of salt From an examination of the fourth column of Table HI it is endent 
that theie was no visible leaction resulting from the mtiadeimal injection of 
the diluted tetanus plasma oi the diluted noimal hoise seium which had been 
heated to 58° C m the presence of 5 per cent sodium chloiide The unheated 
pepsin-protein piecipitates recovered fiom the diluted tetanus plasma and tlie 
diluted noimal hoise seium at pH 4 20 gave no visible slon leactions 

Furthei studies indicated that all but a trace of heat coagulable (100° C) 
pioteins weie absent from the solutions of normal hoise seium and tetanus 
plasma which had been heated to 58° C at pH 4 20 in the presence of 5 per cent 
sodium chloride Moreover 3 3 per cent of heat coagulable piotem still « 
mained in the solution of tetanus plasma which had been heated to 58 C m t e 
absence of salt Also 2 2 per cent of heat coagulable piotem was still 

III the diluted normal horse serum which had been heated to 58° C m ^ 
sence of 5 per cent sodium chloride These results indicate that the s 
reacting substances which are present in tetanus plasma and ui diluted no 
hoise serum vary with the amount of heat coagulable piotem which leinuin 
the solution after the euzc me process is completed 

The lack of any risible slan reaction from the injection of the pepsi 
tein pi eeipitate which occurs at pH 4 2 rndicates that this precipitate co 
of a complex aggregate of denatuied piotein which has become 
eliciting any response from a sensitized labbit Further nioie tins 
piotem is associated vrith pepsin which has been added to the dilutee I 
or serum Tests show that the added pepsm is absent from the dilute! 
or seium at pH 4 2 after heating to 58° C in the presence ot 5 pei eent 
chloride oi 14 per cent ammonium sulfate By the use of a modilicatiw 
hemoglobin test devised by Anson*® the preceding solutions as wel ^ 
zyme-treated globulins mentioned m Tables I and II were found to ue 
any peptic action after the euzjTne pioceduie was completed 

DISCUSSIOX 

The pioceduie desciibecl m this paper foi the puiificatiou of 
plasma and antitoxic pseudoglobulins has been tried using other Bpes o 
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and monune an.nnl se, > I ha^e obseued that l.o^n.c o. goat „lobuhns axe 
treated mth pepsin and the diluted ^loln.liu solution is adjusted to pH 4 2 a 
copious white precipitate appeus in a short tune Tins obsei ration has been 
made with normal lioise seium as short ii ui lable III Othei iiirestiga 
rs )esides Pope lii\e made siiiiilai obseivatioiis 
It lias been known for some tunc that cijstalline iiroteins such as edestui^^ 
are capable of remoring all but traces of pepsin fioiii a solution at pH 4 0 
WahkchmidtLeitz and Kofraiii- hare obserred a sniulai phenomenon rrith 
einitat^'^'^ olohulm \orthiop> I'ts demonstrated that the pepsin edestin pre 
pifate mar be dissoci ited tiiidei siiitible conditions so that the oiiginal actir 
J 0 the pepsin is restored Neiuatli and collea„uts» hare discussed the role 

The piicipitate at pH 4 2 consists of 
seriim proteins rr Inch bar e been den itni ed br pioteolr tie eimr mes In the ease 
ise serum pioteins rrhicli hare been denatiiied rritli pepsin at pll 4 2, such 
sen/"^ incapable of causiu„ a si in reaction in i dibits sensitire to horse 
mu as shorrn bj the data in the fifth column of Tilde III 

the l'*""'’ incomplete rritliont a biief statement couceiniiig 

of on* c nititoxiiis Out of trreiitr sis recoided cases 

corereT" ^ *7*^*"* purified tetanus aiititoxin trventr patients re 

comp etelj, rrtth only one dor eloping serum sickness and one having a 
oeeurr!n T The first patient bad mild serum sickness which 

quentlv *i*' following the first injection It was learned snbse 

dose of t C P“tmut was boise serum sensitire and bad been giren the first 
other antitovm obtained by ammonium sulfate fractionation The 

days racci' ed a total of 3,580,000 units of autitovni in a period of nine 

the fa l"* Pftmut also reeoreied despite a mild reaction to the antitoxin All 
Patien^V""! ™'***^^ injection rvere emplojed iii all the patients Seven of the 
a"e of tl'^ “liuieal histones of Inonchial asthma and horse serum allergj The 
rears Patents treated rvith the antitoxin innged fiom four to sixtj fire 

fied tet series of clinical tests, prophj lactic injections of euzvme pun 

Phal antttoxin rvere gireii to fifty patients in an accident ward of a hos 

reruni ° psfients had clinical histones of asthma bar ferer or horse 
sensitivity No iinmediaf e or delaj ed reactions rvere obserr ed 

diphth^^^^^ diphtliena antitoxin has been used in two patients rrith 

was a known to be sensitire to horse serum One of the patients 

beats four, the other rvas an adult about sixtr j ears old Both pa 

recovered Neither of the patients exhibited any signs of serum sickness 

Plojcd”*' mizjme purified tetanus and diphtheria antitoxin have been em 
oil other asthmatic oi horse seium sensitive patients with excellent results 


suMinrEY 

desciibcd for the purification of diphtheria and tetanus 
”1 y the use of pepsin The results of the purification of antitoxic horse 
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plasma oi autitoxic globulms by pepsm indicate that the enzyme tieated globu 
lins give no skin leaetion in labbits which have been nnmiinizecl to the proteins 
of normal hoise seium Some clinical results ot the use of enzime puiified anti 
toxins are also deseiibed 

The author takes this opportunitj to thank Mr C K Greemiald, ilr V Mickey, ami 
Mr M Burgei for their assistance in performing the sensitivity tests and for the deter 
mination of the potencies ot tlie samples of tetanus antitoxin, and also Mrs B Cro_maii 
for obtaining the potencies of the samples of diphtheiia antitoxin by the liiiuon flocca 
1 ition test 
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ANTIRETICULAK. CYTOTOXIC SERUM IN THE TREATMENT 

OP ARTHRITIS 

Observations on Forty-four Cases 

Walter M Solomon, AI D , and Robert M Stecher, M D 
Cleveland, Ohio 

A NTIRETICULAR cytotoxic seium (ACS) has been desciibed as an elfei. 

L tive lemedy in difteient chionie conditions including seveial types of 
rheumatisni The piesent study was planned to test its eftectneiiess in the 
treatment of two types of ehionic joint disease — iheumatoid artlintis and 
degeneiative joint disease 

Boidet originally observed that antibodies weie formed in animals iniJer 
pioper conditions aftei injection of human material such as leucocytes, Inei or 
kidney cells The serum of such immunized animals pioduced vaiyin? reac 
tions when injected into human beings Laige doses caused toxic effects wbilt 
small doses sometimes pioduced beneficial stimulating effects 

Bogomolets^ became mteiested in this phenomenon m 1929 After con 
sideiable study he concluded that connective tissue was the most impodaii 
element in antibody production He theiefore attempted to develop antigen^ 
by injecting material from the human leticulo-endothelial system His rei»r 
in 1943 that his serum was effective in the treatment of rheumatism 
Intel est in Ameiiea and since that time several reports have appeaie 
theoietie considerations have been reviewed by Straus • . 

The mater laU used in this study was the same as that supplied oi 
studies (Rogoff and co-workers^) Two types of material were provi e 
contained antiieticulai cytotoxic serum iii rabbit seiuni and the 
tamed only rm treated rabbit serum The identity of these seia was im^^ 
to us until the study was completed The antii eticulai cytotoxic seru^ 
prepared by injecting mto rabbits and goats a saline extract of spleen ai^^ 
marrow secured within ten hours of death from persons under 40 
apparently in good health, who died from sudden injiiij'^ The ,^ert 

was mjected intravenously into rabbits or goats The immunized 
bled and the sera were dehydrated and stored until needed 
was diluted to a 10 per cent solution m normal saline m tions of 

Bogomolets’s method of adramistiatiou was folloived closely 
the antireticulai cytotoxic serum and the control serum were gnen 
ously The first dose was 0 5 c c followed at intervals of three to g, 

a second dose of 1 0 c e and a third dose of 1 5 cubic centimetcis mtcnal 
constituted a senes A second and thud senes rvere given at slxw 
T he three series were considered a complete treatment 

TTnKprsitJ Medico* Sclixe 

From the Department of Xledlclne of Western Reserve Unuers i 
Clt> Hospital 

ReceKed for publication Mar 1 1948 nescni- 1 '”''-^ 

•Prepared by H Goldblatt at the Institute of Pathology W'ester 
VIedical School 
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The patients ^\eie selected fiom tlie Out Patient Dciiaitmeut of Cle\ eland 
City Hospital All weie anibuhtoi^ and many liad been uudei obsenation foi 
moutiis to >eais The dia^ioses of ilieumatoid arthiitis and of degenerative 
joint disease depended upon the usual climcal ciiteiia and ^\e^e supported bj 
laboratory and ladiologie e\ideiice Patients in each category were selected 
alternately for the antiieticular cvtotovie seiiim and the control seuim 

RESULTS 

Table I shows the icsults m liieumatoid aithritis Of the tneuty patients 
with rheumatoid arthritis, se\en were subjected to three complete senes of in 
jections with antiieticular cytotoMc seium and se\en had thiee complete series 
of mjectious with control serum In addition to these fourteen patients there 
were eight patients ^\ho receued less than the three complete senes, five had 


TaULE I BlJEUilATOID AltTilRins 





W ER IGE 

1 OBJECTIVE RESULTS | 

1 SUBJECTIVE RESULTS 


NUM 

QER 

AVERAGE 

AGE 

(m) 
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ACS 

Completetl series 

7 

52 

5 

1 

5 

1 

1 

5 

1 

Total cases 

12 

49 

5 

2 

8 

2 

2 

7 

3 
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67 

1C 

16 

58 

25 

LOQtrol Serum 

Completed senes 

7 

55 

9 

1 

5 

1 

1 

5 

1 

Total cases 

8 

60 

8 

1 

6 

1 

1 

6 

1 

Total (%'! 




12 

75 

12 

12 

75 

12 


antireticular ey totoxic serum aud one the control serum Table II shows twenty 
four patients with degeneratne joint disease si\ lecened thiee complete senes 
of injections with antireticular cytotoxic serum aud ten received three complete 
senes with control serum As nith the patients with iLeumatoid aithiitis there 


Table II Degenerative Joint Dise-vse 




AVERVGE 

average 

DOR.\ 

OBJECTIVE RESULTS 

[ SXmjEOTIVB RESULTS 

_ 1 

BER 1 

(YK ) 

(■VR) 

1 BETTEU 1 

SAUE 

I WORSE ' 

IbETTERI SAME 
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Completed senes 

6 

56 

9 

0 

6 

0 

4 

2 

0 

1 otal cases 

14 

58 

10 

1 

13 

0 

6 

8 

0 
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43 

57 


^ntrol serum 

Completed senes 

10 

60 

7 

2 

8 

0 

5 

5 

0 

. iotalca«!es 

10 

60 

7 

2 

8 

0 

5 

5 

0- 





20 

80 


50 

50 



were eight additional patients who received one oi two senes of antueticular 
cytotoxic sennn but did not finish the three complete senes 

Reactions were more frequent after injections with antiicticuhi cytotoxic 
serum than with control sera A general reaction including mild fever, malaise 
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and nausea was observed ioui times atter antiieticulai cytotoxic stnuii andonvs 
aftei contiol seium Local leactious with tenderness, swellmg, and redntss 
at the site of injection occuiied attei eighteen injections vith antireticiiiar 
cytotoxic seium and foui times aftei injections of contiol seia 

The tables list both objective and subjective results Objectne improicment 
meant a deeiease in swelling, inciease of motion, oi loss of tenderness Tliesul*- 
jeetne lesiilts weie based upon the patients’ oivn estimation of then conditions. 
The subjective results followed veiy closely the objectue lesults lu most in 
stances In the patients with rheumatoid arthritis receiving antiieticnlar cito 
toxic seium two were better, eight were unchanged, and two weie woise ob- 
jectively, compared with one better, seven luichaiiged, and three woise subjec 
tively Of the fourteen patients with rheumatoid arthritis, seven of wboin 
received three complete senes of antiieticulai cjdotoxic serum and seven of wboia 
received three complete senes of contiol serum, the tabulations of objectneand 
subjective results were identical 

Subjective improvement was moie apiiaient than objective impioiemeut in 
the patients with degenerative joint disease Of fourteen patients lecenniL' 
antiieticulai c^dotoxic serum, only one was listed as havmg objectue impio'o 
ment while six thought they had been benefited It seemed significant tliat of 
the ten patients leeeivnng control serum, two were listed as having objective 
improvement and fivm thought they had been helped 

No signifaeant di&eience was observed between the use of antueticular cvto 
toxic serum and control serum Every patient was seen over a period of®* 
least SIX months and many were under observation for over a jeai Any crihca 
observer at all familiar wuth the clinical vagaries of iheiunatoid arthritis an o^ 
degenerative joint disease recognizes the frequency with which patients v 
these chronic diseases describe venations in the degrees of then svmpo ^ 
especially when they are observed for a long per rod of tune and under chaiio^^- 
therapeutic regrmens Such nrrld verratrons, occuring as the} often do sp ^ 
taneously, are of no significance m judging therapeutic eftectiveness un ess 
are sustained The authors feel that the variation m patients’ symptoms rec^^‘^ 
ed m this study are not an indication of specific tliei apentic eftect or 
reticular cytotoxic serum 

The results obtained in this study are in essential agreement wit 
recent repoi-ts Bach'* treated forty-eight patients, thirty-five had 
arthrrtis and the others had rheumatrc fevmr, anlvydosing spondylitis nO 
arthritis, osteo-aithiitis, and uonarticulai rheumatism Bacli 
impovement in fourteen, m seven it was definite and in seven only o 
patients with definite impr’ov einent included three with iheimiatou ^ 
one with rheumatic fever one vMth gonorrheal arthritis, one wit a 
spondylitis, and one with muscular rheumatism In two of the t le 
rheumatoid arthritis the benefit obsened might well have been due o 
for ov'ei a month in a hospital Two mouths after discharge o^ 
sufteied a relapse The author discusses the difficulty in evaluating 
ence ot the seium in producing the benefits obseiv^ed 
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iiOoUtf ui(l issotiitcs’ til itiil t\\ciit\ iiiiK pjtiints -Willi ilieuniitoid utlui 
tis uiul aiiMlosuip, spoluU litis witli intiietiiuim i\toto\ic stiuiii and fouiteen 
patients ■vntli nbbit serum Tlit\ noted tint 10 pi i leiit ot the pitients had 
symptomatic impio\ement 10 pei cent hid objettni impio\oment o5 pei cent 
were unUuiioOd and 24 pei tent wcie ■\\oise Results ot the sime oidei iveie 
obsened with the use of coutiol labbit seuim The\ concluded that antnetic 
ular citotoxic seiuni tbeiap\ pioducod no depcndaiile benefit in patients with 
rheuiintoul arthritis 

( OMMl NT 

Ihe ctTctts obsened liom the ticitincnt ot t^^cnt^ patients with iheumi 
toid arthritis and of twenty foui patients with degenei iti\e joint diseise weic 
so slight and mcoutlusnt that fuither m\c3tigition did not seem to be justified 
Despite the small number of patients tieatcd and tlie ne^itne lesults obtained 
this report is in complete a„ieemcut witli recent similai obser\ations on this 
subject and is presented to place these lesnlts on lecoid as part of the obseived 
expeiience with tins foim of treatment 

UEPLULNCbS 

I Bogomolets 4 \ Aati Reticular C\'toto\ir ‘'eruni a Mi in of Patliogenir ThirapN 
\m Re\ &o\ietMcd 1 101 10-11 

Straus R Studies on Antireticulur C\totoitic Serum J Inuuunol 64 lol 1940 
“1 Rogoff, B, Frcyberg, R U Powell H M ami Rjee R M Expenente With \nti 
reticular Cytotoxic Serum ( \CS) m \rtliritH Am J M Sc 214 95 1947 

■1 Bach, F ‘^ACB Scrum ’ of Prof Hogoniolctz in the Trt>afnient of Rhcumatisni -Van 
Rheumat Di« 4 62, 1945 



THE THIOCYANATE CONTENT OP SALIVA IN NOEMAL AND 
HA^PERTENSIVE SUBJECTS BEFORE iVND AFTER 
INGESTION OF THE DRUG 

E J PiSCHMANN, M D , AND AnDOK PiSCHMAN 
Auckland, New ZE^vLitNo 

E arly studies, as suiveyed by Lickmt,^ aie mcoiisistent legaiding tlie thio- 
cyanate content of human saliva in health Moie leceutly Eeissuef found 
a normal range of 2 4 to 20 0 mg pei 100 ml with an aveiage of 10 0 mg per 
cent thiocyanate (SCN) Claims legaiding sahvaiy SON changes m certam 
pathologic conditions^ lemained unconfiimed Similai difficulties hai e bceiuu 
counteied with othei salivaij’’ constituents With special lefeieiice to calcmw 
and phosphoius, Beclcs and WainwiigliU ’ ciiticized oldei lepoits because the 
method of obtaining specimens was not stated, oi was iinsatisfactoiv, aud hi 
cause of disiegaid foi the late of flow They suggest that the collection of mst 
iiig saliva gives unifoim and compaiable lesults Such ciiticisin also applies to 
most leported thiocyanate studies 

In 1925 Nichols® found that SCN concentiation of saliva is cousideiuhh 
laised aftei SCN admmistiation Tastaldi,® in hypei tensive patients tieated 
with potassium thiocyanate (KSCN), found that the saliva sei uni mtio dc 
eieased with incieasing seium levels He did not lepoit on natuial salnan 
SCN The SCN content of othei body fluids was lepeatedly studied m thio- 
c^anate tieated hj^ei tensive patients and as a means of nieasuiing e\tiaccluar 
fluid volume 

The aim of the piesent study was to obtain nioie leliable and iinitoira m 
foiniation than has hitheito been available legaiding natuial and postingcstwu 
salivaiy thiocjanate levels by using a standaidized method of collection, a 
by relating values to the late of flow 

MATERIAL AND METHOD 

Three groups of salivary SCN determinations iiere mide ( i) 
natural level m each of tliirtj five healthy subjects (b) Three dotermm ilions of 
ingestiou level at short intervals in thirty five patients mtli raised blood pressure 
mination of the level it intervals of one to two weehs, for* periods varying fro"’ dinv 
to several months, in tlurty patients with raised blood pressure during 
cyanate salts The drug was admmistcred as described in a previous paper . ? 
aud third group the serum level also was determined One hundred and forty ^ ‘■ 

were made before and one hundred and seventy six after admmistration of KSClv 

The subject was instiucted to have nothing to eat or drink on the j U v U 

not to brush his teeth, and not to smoke The specimen was collected between 9 um. i 
the subject bent his head over a funnel placed on a graduated centrifuge tube a ^ ^ 
was illowed to flow freely with exoliisioii of movements of the jaw, 

The time of collection w is ten to thirty minutes The specimen w is then etntr u„^^ 

1 cc of the clear supernat int fluid were used for the determination of tlnoeyn 
method of Schreiber!* as modihed bv Cr ind ill ind Anderson ' 

Received for publication Mar 12 19 JS 


772 



rHIOC\ VNATF CONTPNl OP S \U\ V 


773 


Naturally Occur) mg Salivary Thwtyanafe — 

Conceut) atwu of SON xn Milligiams Per Cent The arithmetic, mean m 
tliirt} five normal subjects wag 13 4 + 1 1 mg pei cent The lowest md highest 
observed \alues were 3 1 and 27 5 mg per cent No significant diffeienec was 
demonstrable between different age gioiips ind the sexes 

The arithmetic mean foi nonsmokeis was 11 7 ± 1 0 nig pei cent Tlie 
range vaiied from 3 1 to 26 5 mg pei cent The aiitimietie mean foi smokei’s w is 
17 5 ± 2 1 mg per cent The lan^c xaiicd fioiii 8 1 to 27 5 mg pci cent The 
means differed consideiablj , the laivos liowc\ei o\ei lapped to such an extent 
that no significantlj diffcieut range foi nonsmokeis and smokeis could be 
established Patieuts weie aibitiaiih dmded into three gioups accoiding to 
the rate of fiow (under 10, 10 to 20 and iho\e 20 ce pci hom lesiiectiveli ) 


Table I Rfi^ation or SCN" Content op Sali\ \ ot IlEvmiv wj) IImibtl\si\l Subjects 
TO THF 1{\TF Ot Flow VM> SMOKInC 



1 

MC 

PCR 

CENT 


1 MO PEu noun 


1 ME.\N 1 




1 ME\N 

1 

(T 


ffH 

GPOUP 

1 V I 

n ) 

1 

If 

\ 

1 II 

N 1 

?l 

1 ' 

I 

N 

1 H 

total 

Noasmokera 

13 4 

14 7 

03 

60 

11 

1 0 

2oi 

1 03 

123 

1 15 

021 

0 20 

Total 

RP under 

11 r 

14 3 

55 

62 

1 0 

1 3 

2 2> 

1 81 

0 88 

1 02 

0 16 

019 

„ ce/lir 

RF over 

17 3 

165 

55 

56 

20 

13 

140 

] 49 

0 37 

0 28 

0 13 

0 16 

15 cc/Iir 

03 

95 

37 

40 

09 

13 

2o8 

2 19 

0 82 

1 65 

019 

0 55 

Total 

RP under 

175 

16 2 

03 

4 7 

21 

1 7 

3 IS 

3 40 

1 64 

1 57 

0 55 

0 50 

^15 cc/br 

RP over 

22 2 

19 2 

38 

29 

2 2 

14 

2 30 

1 46 

0 30 

0 45 

0 17 

0 22 

15 cc/lir 

153 

1 

GO 

33 

25 

19 

3 93 

3 66 

1 76 

1 63 

0 72 

0 94 


N normal group H lijpcrtensUe group tanJard dONlatlon of the 
cii standard error of the mean 


Compaiisous of the arithmetic means of the couesiiondiiig miUigiam per cent 
values (22 5, 14 3, and 9 8) suggest an jiivci'sc relationship between rate of flow 
and SON milligiam per cent conceiitiatiou The correlation coefficient, i — 
-0 65 + 0 10, is significant In order to show tliat the high \alues encountered in 
the low rate of flow group wore not due to smoking, nonsmokeis and smokers 
"ere grouped separately into two gioups of higher and lower rate of flow (below 
"ind above 15 c c per hour) Table I shows that the imei-sc relationship of rate 
of fiow and concentiation was present irrespective of smoking There was piac 
flealij no o\erIapping of concentrations of nonsmokeis in the low and medium 
i^te of flow groups, the highest concentration in the latter being 15 5 mg per 
oent, the lowest in the former being 15 1 mg per cent 

The aiithmetie mean in thut> li\e hj^peitcusire patients was 14 7 ± 1 0 mg 
Por cent The lowest and highest observed \alues weie 4 7 and 31 1 mg per cent 
This range practically coincides witli the one found in noimal subjects and the 
aritlniietic means do not differ significmtlj Figures in Table I also demonstrate 
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the inveise icldtionship between late ot flow and iailligidm& pei tent tonantra 
tion of SON in hypei tensive patients 

8CN Content of Sahua Exptessed as Milligiams Pei Houi Noiniahaluft 
in nonsniokeis and smokeis and in hypei tensne individuals aie shown m Table! 
It appeals that theie is a duett lelationship between latc of flow and milligraBi 
pel lioui mines 

Concent) ation of 8CN Aftei Ingestion of KSCN — Natiiial SCh \aluc 
means the SON content oi sain a without in»:estioii of SON salts Additional 
\alue expiesses the ainoiint of ingested SON diffusing into the salna Total 
\aliie IS the actual value obseited attei ingestion and is made up ot the sum of 
the natiiial and additional values The lange ot concentiation of SON after 
ingestion of \aiMng doses of KSCN wms 16 8 to 36 9 ing pei cent The raime 
of additional values altei ingestion fell between 2 0 and 217 mg pei cent In 
gtneial a use oi tall tollowed an ineiease oi deciease ni the dose, the coucentra 
tioii lemaining constant on a given dose Otten howe\ei attei a marked imtial 
use tuithei mciease was only slight on laising the dose In one subject the 
additional talue of 17 nig pei cent lose to only 19 6 on laising the dose from tin 


r.vBiF II Msax asd Eance MiLiiGRVit Per Cest Coscestrations Asvw n '' 

•^1* ..-I-* t'aiTnv fJP Iv hi-ii ■ 


Ull w 




AT VVRAINO 

Serum Leieis 

sun V ^MTH 



SERUM 

(mg 9 c ) 

\ATT RAL \ VLUF 

2 4 

4 6 

6 S 

8 10 

Iliulcr Cl mg % 





Me in 

_ 

14 7 

1G9 

114 

Rsiige 

9 19 mg 97 

- 

10 7 21 1 

116 214 

116 17 6 

Mean 

9 7 

9 7 

12 ■( 

12 5 

Range 

0\er 19 mg % 

() 4 14 7 

5 1 11) 3 

72175 

8 7 18 0 

Mean 

S3 

9 S 

<1 9 

11 6 

Range 

- 

2 0 lo . 

18 12 9 

n 0 15 0 


20 8 

20 5 21 1 

12 3 
QblS" 


19 1 

17021' 

IJl 

117110 


1 4 1^9 IIP' 

initial 0 4 to 2 giams In anothei subject the additional value o - 

cent with a dose ot 0 6 Gm lose to 17 1 wuth 1 2 gianis The ‘■*^ 3 j 2 nv’ 

tion accompanying doses ranging fiom 0 13 to 1 2 Gm lose iioni 25- 

pel cent Eaiiges overlapped wudeh and cveie iiidistniguishab e oi^ jj,pinl 

doses The additional value wms liighei m the low than m the 

caliie gioups with onh slight difteieiii,e bctw'cen the lattci two (Ta > 

was a slight use in total aceiage salna (oiuentiation, accompaa'iUn 

Kinges accomiw 

lecels uud a'b'' 


serum a allies The use was less pronounced than in scrum 
iiig dneigent seiiun le\els overlapped The relation ot serum 


(.ntrali'"' 


tional ralues was suinldi (Table II) In most cases the 


in salna was two to three times higher than that m the senna, Jifi 

ratio langing fiom 7 to 1 2 Onh in one case out of tluitj was le 
niteh lower than 1 The range of milligrams pei horn 'TJiere'^^ 

was 1 26 to 10 10 , the range of additional concentiation, 0 43 to ^ ,„illi"rui' 
much gieatei iiicgulaiitA m vanation oi milligiams pei horn tlian 
per cent \ allies, owing to fluctuation of the rate of flow 
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DISCUSSION 

The normal range of milhgranr per cent concentrations found in the pitbcnt 
senes is mder than that in most prerioiis publicitions the arerage being some 
eliat higher This is chieflj due to tlio diifeieut method of collection 

Beeks and Wainniiglit* pointed out that most constituents of hiuinn saliru 
show mere used concentration with a liiglici late of flon Tins applies both to 
milligram pei cent and imlhgiani per bom rallies Trro esccptions rrcic found 
in human resting silira, the calcium and pliosphoius coiiocntiatioiis expicssed in 
niilligraiiis pei cent are inrei'selj piopoitioual to the rate of florv nhile milligram 
per hour nines shon an iiicicasc rrith a hi„hci late of florv According to the 
present studj , SON show s this same tr pc ot erccptiounl beliar loi 

Past attempts to cst iblish a noiinal sahrair SCN laiigc and to lelate ah 
iioninl values to certain pathologic states' vvcic picveiited bv wide oveilapping 
of ranges It seems that unless the noimal langi laii be naiiovved wath lefer 
ence to ceitaiii fictois such as latc of flow oi smoking SIN deteiminations will 
be of no diagnostic value Lickuit* attempted to lediiee the tango hr classifica 
tioii accoidmg to suiokmg The piesciit findings suggest that this alone is not 
enough Bj emplojing a standard method of collection and bv giouping results 
according to lato of flow and smoking the range has been naiTovved down 
Putme resonroh must decide vvlietlici this will be sufficient to define abnoiimil 
values 

Cavaness, Bell, and Satteifield*' iouiid an invei'sc lelatiouahip lx tween tin 
height of blood piessuio and uatuiallj oeeuiinig seium fhiocjaiiate Ther eon 
videied tliiocvanate a tiue iiatuial depressor substance This was denied bv 
others'^ Findings in saliva also show no diffcreiiee in SON eoneentiations 
between iionnal and iiv poi teiisiv e patients 

Lack of constant coiiclation between dosage and salivai> SON also between 
verum and salivaia SCN levels lenders saliv an SON deteiminations iiusiutable 
for the coiitiol of SCN tlierapj in Iiypci tension The tendency to inveise rela 
tioiiship between iiatui il and additional couceiitiation has a leveUing effect on 
the total coiiccntiation obseived obscuimt, changes due to change in dosage 
The highei the saliv aiy SCN level at the time of administiation of a given 
amount (iCoaidlcss of whetliei tins level is the patient s natuial level oi whethci 
It was pioduced by previous administration of the diu^) the smallei a piopoi 
tion of the added amount will diffuse into the saliva Since tlio height of dosa,,e 
IS limited bv toxic effects, it could not be asccitained whether the sahvai-j SCN 
be raised to a point vvheie fuithci administiation oi the drug will not pra 
uuce a fuithei rise in sahvaij SCN These observations together with tlie dis 
'-repaucj found between saliva and seiuni eoneentiations seem to give eapermieii 
lal support in human beings to the suggestion put forward bj Blkmtou and 
Taftel," based on animal expeiimciits that the applicahilitj of SCN distribution 
■‘s a nicasuie of extraceUulai body fluid volume is limited because of uneven 
vlistribution of SCN possihlv ovvin„ to foimatioii of depots Saliva seems to con 
''I'lvite such a depot 
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SUMMARY 

The thiocyanate content of human saliva has been deteimined using a stand 
aid method of collection and consideiing the rate of flow Eesults are expre&ed 
in milligiams per cent and in milligrams per hour 

SON difters fiom most salivary constituents in that niilligiam pei cent 
values aie inversely related to the rate of flow and diiectly related to milligram 
pel hour values Smoking is often accompanied by higliei values The sig 
nificance of these factors in defining abnormal langes is discussed 

Salivary SON values in hypertensive subjects coincided with those m 
healthy subjects 

After admmistiation of thiocyanate salts, the amount of SON appealing in 
the saliva usually is greater than in serum There is a tendency foi imerse 
relationship between the amount of SON appearing m the saliva and theeonecn 
tiation at the time of ingestion These findings appeal relevant in judging SON 
distribution in body fluid 

We are indebted to Dr W E Griesbach, Goitre Research Department, Otigo Uwv« 
sitj , for helpful cnticism and to Dr E P Neale, Secretary Auckland Chamber of Com 
merce for valuable help in analysing the statistical data 
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LABORATORY METHODS 


V MODIPILD AlhTHOD OF PRLPARING THE J s B bl \IN 

Reqinaij) D 1Lvn\vell, Sc D , vnd Philip Peigelson, B S 
Syracuse, N Y 

Stamm- which is geneiaUy credited to 

of the n cthnd d Of ‘l^ein modifications 

the method devised by Romaumisli} and pubhshed by him m 1891 = Of these 

me mos widely adopted haie been the methods of Leishman,“ to Wnght,“ and 
am ? h ‘^'0 method rcconmiended by Field foi staining thick 

OMtratinn coniplctelj satisfaeton stain for the dem 

.dTn^E I ® to be diseoveied, as ei 

otlier^ „ ^ ““‘■“ual appearance of new processes Some stains are expensive 

eat to nhL ° ”* <'>”>mtes oi tliei mai be diffi 

obtam StUl otheis, such as Qiemsa’s, stam too slowlj 

arn»w of the J S B stam (Smgh and Bhattach 
beensef laboiatory workers Its advantages have alreadj 

car?! !nd * origmators and bj one of us (E D M ) ' When properly pre 

comnin„i '®‘’' giving evcellent differentiation of the 

months ^ *ilood piotozoa, it keeps well m aqueous solution for 

and pn=,!° ingredients chiefl> methylene blue 

resnppt ’ “ivailable almost eieiywhcie It is a Romanowsky stain, m manj 
respects similar to Field’s ” i . i 

unrehahT™''d*^“ method of preparation origmaUy recommended has proved 
0, and the work heiein reported was initiated in an attempt to nnprove 


m Pi-eo'*^ staining piocess requires two solutions, one of which (Solution 1) 
per ce t"^^ ^ oxidation of methjlcne blue and the other by makmg a 0 2 

lution'l 'vatei soluble eosm m tap water It is the preparation of So 

makin„ 11 ^rss proi ed troublesome The diiections oiigiuallj pi escribed for 
™ig the two solutions aie as foUows 

ution I 13 niaCe up fj-om folloivuig ingredients 

iledicmal methylene blue 0 5 gm 

PotaBsmm dxchromate 0 5 gm 

Sulfuric acid (1 per cent) 3 0 c.c 

— Water 500 0 c c. 

Zoolos> Syracuse Unl^ersitj 

Received National Institute of Health Bethesda Md 

cu lor publication, Auff 7 19<7 
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Dissohe the meth\lene blue thoroughly m 500 cc of \rater Wd the 
I per (Put sulfunc acid, uii\ thoroughlj, and then uld the chrome salt ^ hca^t 
amorphous purple colored precipitate of inethjlene blue chromate forint Heat 
m an autoclave at a temperature of 100° to 109° C and a pre'ssure of 0 to o 
pounds for three hours At the end ot this period the solution turns blue which 
indicates almost complete jxil} chroming If the color remains greenish, further 
heating for another hour or so is required If the temperature is allow o! to rM 
above 110° C, the oxidation of methjlene blue niaj be carried too fir and the 
solution mil turn a violent purple 

"When the solution has turned deep blue atter three hours’ boiling, allow n 
to cool at room tempeiature Then add 10 c c of 1 per cent potassium or 
sodium hadroxide solution, drop bj drop, lerj gradualh while toiistiiith sluhing 
the flask After the total amount of alkali has been added, transfer half of 
the contents of tl e flask into another of the same capacity and continue sinking 
for fifteen minutes more Transfer the contents of the flasks into each other In 
this waj the precipitate will gradually get dissoUed and the solution will turn 
deep blue with a Molet iridescence Leave it at room temperature for fort) eight 
hours, for the solution to mature, afterward filter through a soft filter paper 
The solution will improve in stammg qualities with age 

Solution n This is readilj prepared by dissolving 1 gm ot water 
soluble eosin in 500 e c of tap water A freshly prepared eosm solution nun 
not yield as satisfactory a stain as one which has turned deep red after somo nse 


Aftei cou&itlei able e\pei imentation tte have found it best to filtei out aii' 
collect the precipitate which forms after lemoving the muxtuie of metby«uc 
blue, dichiomate, and acid from the boiling watei bath (which ive piefertot i 
autoelate) and cooling, and to dissolve it in 500 cc of 31/20 Na HPOj 
solution should be allowed to matiue foi foit\ -eight lioui’s, aCtei 
lead) to use It will keep well foi some weeks, oi e\en months, so that oia 
keep It on the laboiatoiv table leady foi use when needed Tins fact lu.i fs 
TSB stain one ot the most comement ot all Komanowskf stams 
It it IS desiied to diy the piecipitate, it should be clone at looin 
A \aeuum desiccatoi will be found convenient The clued stain 
\ei5 well and ma^' be leclissoleed as needed A 0 1 pei cent solution 
100 ee ot 31/20 NaoHPOJ is easily made up and stains cei\ 

*\jiothei method which may be used, but w'hich we have found di,; 

some and less reliable, is to increase the amount of alkali added to neu ^ 
acid nnxtnie after lemox^al from the water bath or autoclave 
used to keep the pH from passing 8 5, and the reaction ^,gler b 

when the hvdiogen ion coneentiation reaches 7 5 A glass electio c p 
necessaiv for tins purpose 

The V leld ot jnecipitate when the stain is piepaied acroicling to ^ 

.ethvlene blue 


given IS about 0 56 giam The use ot seveial batches ot met 
many difteient manufactuieis revealed no significant vaiiations 


either 
sus])ecte(l tlut 


sU> 

SUtL 


amount ot c[ualitv ot the product, although it was at fiist obtain sa”- 

vaiiatioii might be a possible reason foi the fiecpient ^taiii 

tactoiv lesidts when the oiiginal directions weic follow eel ^ 

conies out of solution in the foim of vei) long, needle i o 



MODIHH) MITflon Ot IKH\KIN( I s I« sr\I\ 


779 


deep blue coloi Jii ethjl alcohol it has i solubility ol J 2 ± 0 05 (Jm pei 
liter, and in distilh d y\ntei tlic fiMin is almost the same l)cinf 7 2 1 ± OOi 
fim per liter 

Suite llolmtb and riuK-h lound tint the imoinu ot duluomaLe iibed iiad i 
great deal to do with tho chaiaetei of the product seveial expeiiracnts were 
tried in which this icagcut was reduced m quantity Wlion it was halted, it was 
found tint the piceipitate amounted to only about 0 51 ( m and when it was 
tut to 010 Ojn (u lediution ol SO pei tent) the yield was Init 015 ,^idni 
(These and othei dal i ielatin„ to thtse t\ptiiiiitiits ait summ iiued in table 1 ) 
In this last instaiico the chaiaetei of the piecipitate was also alteied and it ap 
pearod that a laige pioportion of the melhylcne blue lemained uno\idi7cd 

Tlius It appt irs, althoii„h some icdiution ot tlu dnhiomitt may bt mult 
ihat any considerable change in this dncetion will reduce the jicld of stain In 
this connection it is nectssai'y to point out th it the t \peiiim nts of Holmes and 
Prencli are not wholly compilable to those we au iej)oitin„ since they used 
much moie concentiated solutions of acid and methylene blue and a much short 
er cooking time 


1 van. r LUKT Oh ItlDLCTION IN \MOl NT Oh DlCMlCOM \Th iN 
\lhn» \ND COMIOSITION Oh &T\1N 






1 1 

[ STWN 1 

\i5som noN 

KCBO ' 

. (an) 1 

11 !>U 

(ml) 

MtTn\L 

FNL DLUE 
(OM ) 

yiELD 
(on ) 


\ziiE : 
0 

(%) 1 

MFTliyL 
ZNB 1 
OIUE (%)\ 

1 MWIilV (IN 

luibTlLLFI) W \TEIl) 

1 (MAJ 


J50 3 0 0*^0 0 509 1 36 74 7 25 o (554 OOJ 

J 3 0 0 50 0 510 0 90 32 4 67 6 OOO 064 

iO 0 50 0 loO 0 82 22 4 77 0 000 005 


*** extinction cocOlclcnt at the two wu\c lengths mentioned Tho ratio change 
jifiM 11’® yropoitlon of nKtli>lene hluc Sec llolmet* for drOills of method and i 
nuaru curNr The test were dono wUh s'»m|)lcH of tiln In 50 j)er rent i thyl alcohol 

^0 get some infornulion about the compoi)ition of the stain the precipitate 
'\as tested ivith the spectiophotoinctci, usiii„ samples dissohed in distilled yvatei 
The results indicated that it yyas a mixluio of methjlonc blue and azuic B ni 
‘■<*ch case, tho peiooiitaj,o ot tlio latlei bciiio oit itest (about 75 poi lont) y\hcn 
Ihe full amount of dichiomate yyas used These figiues aie also summarized in 

Table I 

Pig 1 shows the absoiptioii ciu\e is determined yyith the speetiophotoni 
t'ter for the stain, in aqueous solution wlicn piepaied yvith tlie amounts of 
uir,iedieiits sptLified in the ongiml ioiinula 

•As a result of these detciminations, it seemed woith while to tiy inakni^ 
lip Solution I fiom methylene blue and commeiciil uzure B nsni,^ a niixtuu 
approvimately one pait of the foiiiiei to thiee ot the 1 ittei and an amount of 
''dtei sufiiucut to give a d>e eoueeiiti itioii equi\alent to the laboiatoi) pie 
pared J S B stain This solution y\as foiuid to stain well although it did not 
''j-cm quite equal to the lattei It also yvas found that the e\aet piopoitious of 
*he tyvo d)es were not vciy impoitant yanations of perhaps 10 pei cent eithei 
^'ay (hd not cliange the qiialit> of staining ven imioli 
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In this regaid it is worth pointing out that our lesults disagiee Mith those of 
Holmes and French® who heUe^cd that azure B had httle staining value, but 
the\ are in accord with those of Roe Lilhe and Wilco\ ® IIowe\er, Holmes and 
French used a diifeient technique 

In using JSB as a blood stun we hi^c found it an acUanta^e to buffei 
the wash water so that its initial pH (6 2 to 6 6 ) will be ictamcd For this pur 
pose wc use Na HPO 4 7H 0 and KH POi m the propoitions of 0 417 and 0 752 
Gm , respecti\ ely, dissoH ed in tw 0 liters of distilled watei 

Our experience indicates tint this stain Ins ^eiw definite nd\unta 3 cs o\ti 
any of the other Romanowskj stains in common use \t current puces the 
materials for making it cost about one sixth as much os Giemsa powdei and 
the dlspallt^ is considerabh gieatei if Gicmsa is pui chased in stock solution 
It also lasts much longei aftci being made up It is as lapid as an\ stain other 
than Fields and is good foi both thick and thin smears Diffcientntion of the 
common protozoan blood paiasitcs is exocHent Wc lia\c had no oppoitunitc to 
tn It on blood spuochetcs but it ina\ pio\e useful foi these also 

As a blood stain, it may be less satisfactory for loutmc use than "Wright’s 
md Giemsa’s because small \ariations m the staining time ma> cause some dif 
ferenees m the appeaiancc of the yanous blood elements Ilowexcr if these fac 
tors are controlled carefully, it should be of yalue for these purposes also 

In this laboratory it has pio\ed useful foi the staiimig of vaginal smears 
(from rats) and lus sa\ed time is. well as „i\cn ^^ood cell dilTeientntion 
Coirespoudenee* indicates that with a slight modification the JSB stain 
is yeiy useful in the staining of dried films of milk and cream Howeaei 
the stain as modified in this way docs not give satisfactory staining of blood 
paiasites (The chief change was the employment of a much lowei pH 5 0 to 
for Solution I The smears themselves leciuiied fixing in a chlorofonn 
alcohol reagent for seyeial minutes in oidei to rcmo\c the fat After staining 
examination under the micioscope was done yvith a suitable color filtei to 
increase the contrast ) 


SUJIJLVBX 

Se\enl modifications of tlie oivinal method of piepainic tlie JSB stain 
aif descnlied Tliey iinohc filteiin^ out the piccipitatc itsultm^ tiom the uid 
oxidation of methylene blue and redissolving in m/20 Na HPO^ yyhich seises 
’otli as a solvent and a buffei The piecipitate ilso can be diied ind kept moie 
less indefinitely without deterioration 

Spectrophotometnc tests show that the active staining agent is a mixture 
of azure B and methylene blue in a propoitioii of about 3 to 1 A solution of 
pommeieial azuie B and medicinal mcthjlem, blue m these proportions 
■''as found to be a ^ood substitute for the lihoiatoiv picpared product al 
appaiently not quite eiiunl to it 
With Dr N o Gunderson of the Department of Public HcalUi of Illinois 
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CR1 STALLING HEJIIN SOLUTIONS AS PERJUNENT STANDARDS 
FOR HEMOGLOBIN ESTIM-VTION 


B L JIORECK? R, pH D 
Bfthesdv AId 


I N A piGMous coniiminic solutions ot (i 3 stilliiie lu-iiim at pH 9 4 wcu 
proposed as standaids for the coloiinietiie dcUimimtion of heinofjlobiii SucJi 
solutions can be lepioducibB prepaicd fiom -wu^hed (piantitics ot ci*sstaUini 
hemin, and thej have absoiTitioii spccti i closelv paiulbliiis those of albalnic 
liematm fiom whole blood With the piopei filttis ind tonvcxsion factoi the 
colorimetric deteimmation of hemoglobin is thus icfeiied to a readilj available 
gravimetiic standard It was hoped that the standaidi/ation could he furthei 
simplified bi the use of peimaiicnt standaids kept in sealed coloiimetei tubes 
and studies weie begun to determine the longtime stabihtv of such solutions 
They were foiuid to have a useful life of about nine mouths, following which i 
progressive deciease in intensity became appaicnt 

Similar lesults have leeeutlj been lepoited bj King* who investigated the 
stabilitj of bemin solutions at pH 9 4 and found a sharp diop in nitcnsit\ after 
nine mouths The staudaid solutions used m the pitsent study were pitpaied in 
sealed eolorimetei tubes and autoclaved to pievcnt the giowth of micioorgauisms 
Such tieatuient does not affect the stabilitv, since the results obtained are lu 
agreement with those obtained bv King 

Since these solutions have onh a limited stabilitv the moie lepioducihle 
standards previously lepoited aie considcicd moie convenient and leliable It 
should be noted that the hemoglobiii/Iieniin intensity factor to bo used is deter 
nuned by the nature of the filtei,* and a given faetoi maj not be earned from 
one filter to anothei 
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A TIDAL VOLUME RECOEDER FOR ANESTHETIZED DOGS 


Haeold M Peck, M D , and Willlvm S Waller, B S 
Glenolden, Pa 


A PRACTICAL lecoiclei fox quantitatively aud conlmuously luedsuiuig tidal 
volume must fulfill several requuemeuts It should (1) lecoid tlie tidal 
volume fox loug pexxods of time xvithout demaudmg the attention of the in\fy 
tigatox, (2) xeeoxd accuxatelj, duxiiig xapid and maxked changes m respiiatorj 
late, the tidal volume and duiation of mspiiation or expiiatioii, and (3) lea\ea 
permanent lecoid that easily can be convex ted to volume The recorder should 
not lequiie a large area for the record oi present maiLed lesistance tothefloiv 
of air 

The usual methods of recording respiration, such as lateial tiacheal pres 
sure, the chest pneumograph, or the Gadduni method,* measuie the lespiraton 
rate and, at best, relative changes in tidal volume However, these 
aie magnified oi minimized by the speed of mspiiation oi expnatiou f 
recorder that most nearly satisfies the lequiiements was that describe 
Wiight*“ Use of this recorder was limited by the space lequned hi te 
apparatus 

We found that the appaiatus described below fulfilled the listed icquu^^ 
ments Tidal volumes of anesthetized dogs have been measuied foi 
hours without adjustmg this appaiatus Respuatoiy rates of 2 to 
minute and tidal volumes of 25 to 400 ec have been lecoided satisfaco^^^ 
Slow or rapid inspirations did not affect the operation of the 
maximal height of the record was about 4 cm (equivalent to 400 cc) 
base line was horizontal The resistance of the mstiiiment to the 
varied between 5 and 20 ml of water The appaiatus was mounted un 
dog table 


APPARATUS 


Pig 1 is a schematic diagram of the appaiatus Pig 2 is a ^ 
double piston valve, drawn to scale The numbers m the followuio 
lefei to Pig 1 unless otherwise indicated (1) A metal to metal ^ 
operated mechanically by contact with the top of tlie spnonietei aud 

into the circuit between one side of the secondary coil of the a fird 

one side of the relay coil (2) A meicuiy contact switch construe e 
class lever Eleetiie connections are made through the lueicui} the 

the fulcrum (f) One connection is to the tiansfoimei and ^ 
relay coil This switch activates the relay A brief contact is su 
one pail of the relay contact points (d) contniues the activation o 
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tapf “-Schematic diagram o^ an automatic tIdaJ volume recorder (1) Metal to metal con 

6 voJr mcrcury contact switch (3) double piston \alve fsee Pig 2 for details (4) 

lenoW double contact rela> ( Vdvance T>pe UOlB 0 volts AC) (C) so 
water 6 volt V.C 8 ounce pull) (7) spirometer of 600 c c capacity (8) 

(a) mp^iipv'- spirometer stop A and V air lube connecting piston valve to spirometer 
to soUifftfa mercury contact cup (c) contact points which complete circuit 

of meiSriA^ contact points for activation of rela> coll (e) nJr escape hole (f) fulcrum 
* i"«rcury contact suitcli 



.piston , valve In position to direct air flow to the plromoter (The 
Pfifmft passapo ^0 position of the valves during Insoiratlon.) 1 Piston (perforated to 

in 2 piston (solid) which directs the flow from the afr line 3 holes 

throuph nfiJ ''Jllnder 4 perforated washer 5 spring to return the piston to the left 6 
Piston rod to stop movement to the left at the de ired position 
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the switch (1) IS opened Aii exhaled ±iom the dog ioices one end (a) of the 
lever up to make the opposite end (b) contact the meicuij’’ in the cup Water 
traps (8) on each side of a tiacheal cannula diiect tlie flow of an to and from 
the dog A T-shaped tracheal cannula was made of 10 to 15 nun diameter 
glass tubing A small side tube uas added to measuie tiacheal pleasure All 
an passages veie of laige diametei Alocements of the spnonietei were trams 
ferred to sooted kymograph jiapei bv means of a coid connected to the spirom 
etei and a vertically moiing lecoidiug point 

The woikmg seciuence of the apparatus is as follows When the dojisiu 
lespiiatoiy rest the spiiometei (7) is filled with an, and the switches (1), (2) 
and the lelaj (5) are open The piston ^alve (3) is in position to conuectthe 
tracheal cannula Aiith the spirometer and to direct the flow from the airline 
through the escape holes (e) (See Fig 2, broken lines, for the position oi 
the valve ) 


As the dog mhales, the siniometei descends and the switch (1) closes tu 
connect one end of the secoiidaiy coil of the tiansfoiinei to the relay coil 
As the dog exhales, the switch (2) closes and completes the circuit betiveeu 
the opposite ends of the seeondai3’' coil and the lelaj’" coil This actuates the coil 
and closes the contact points One pan of the contact points (d) continues the 
activation of the lelav coil legaidless of the position of the switch (2) f ^ 
other pan of points (c) activates the solenoid (6) which pulls the double pu 
ton vahe (3) to the position lUustiated by the solid lines in Fig 2 This shift 
in position blocks the connection betw een the ti acheal cannula and the spirom 
etei and directs the flow from the air line to the spiioinetei through thepe^ 
foiated piston cahe As the spirometer is filled, the switch (1) opens 
breaks the connection between the tiansfoimei and tlie lelaj’’ This 
apparatus to the original position leadv for another lespuatoiv cide 
the spiiometei lecjuiies less than a second 


DISCUSSION 

The tidal yoliime lecoidei has been used in oui labor atoij as a pad 
tine acute experiments The lecoids were easily read and gave 
not obtainable by simultaneous lateral tiacheal piessiiie oi hi chest P' 
giaph methods Epinephime aclmiuistiation resulted m either 
decrease oi an increase in tidal yolume, depending on the degree of 
sure change, followed bv tidal yolumes that usually were gieatei 
tiol tidal yolumes Histamine usually caused a decrease in tidal yo 
longer than the blood piessuie drop Sodium peutobaibital and sod 
barbital caused a deei ease in tidal volume 

Tidal volume is influenced by simultaneous changes in status 

bronchodilatation oi bionchoconstriction, duration of inspiration, an 
of the pulmonary capillary bed Pleural pressure was shoyni to 
bronehodilatoi oi bionehoconstiictoi compounds w'eie adniimsteie in 

pressure correlated with tidal yolume appeals to give we i- 

foraiation eyen if the capillaij bed status and duration of inspn*' 



TIDM \OLUJVIF KJ-CORDJvH 


TvBU. I Tiiial VoLUMEb PlELkvl Phes&lres vNp TiovL Volumf/Pleur.vl Pke&sure 
Ratios CArcuTi.vTFD From Fio 3 at the Letteps Indicated 



.N. w-n 

ABC 0 E F6 H I J K ^1 

— 


4 ^ ' V — 



60SEC. 

/ / / / // f // / / f f > n 


(pp. . 3 — ECfect of eplnephrln and histamine on tidal volume (TV) P*®^”^** 
mine pressure (BP) Epinephrine -Oy Injected Intravenously at C ^ I 

nOv Injected lntra\enousV at P See Table I for Int rpretatlon of the tracinf? 
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noied, piovided the lattei changes aie not too gieat To obtain pleuial pres 
sure a balloon was inserted into the potential pleuial cavity and attached to a 
small leeoidmg meicuiy manometei The lesultmg recoids gave mfoimation 
that seems to indicate degrees of bronchodilatation or bionelioconstriction 
Fig 3 and Table I demonstrate the lesults obtained when epmeplnme and his 
tamine were administered Degrees of bionchodilatation and constiiction have 
been indicated by dividing the tidal volume (TV) by the length of the line 
measuring the pleural pressure (PP) and are calculated at the points indicated 
on the tracing A decrease in the tidal volume/pleuial pressure ratio indicates 
bronchoconsti letioii, and an inciease indicates bionchodilatation Corielation 
of tidal volume and pleuial piessiiie is being studied more completel} m oiir 
laboratories 


SUMMARV 

Appaiatus suitable for continual, quantitative measurements of tidal vol 
umes of anesthetized dogs is described 

A method that appears to indicate degrees of bionchodilatation orhioncho 
constriction bv simultaneous measurement of tidal volume and pleuial pressure 
IS presented 
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Erratum 

In the paper by Donohue and Fremes, ‘ ‘ Maternal Isoimmunization It ithout 
Clinical Erj-throblastosis Fetalis in the Newborn,” ivhich appeared m the i) 
JouRNAii (33 526j 1948), the column heads of Table H, p 529, shoul 
CDe/cde, cDE/cde, ede/cde 



liLSULTS or VVCCINATION AGAINST INF! ULN/ V 1)1 RrN(; Till. 
LPIDEHIC OF 1947 


Cl WTON Cr I OOSLI, D , Ph D , J VAIES SCHOI NBJ !{< I i ) V\D 
Gwendolw Bvitvirr MS 
Chicigo, III 

int:rodi ctio\ 

'^lir uirtueiua cpulemiLs of 1943 aiul 1945 lespcetisiK i^onhIhI the 
A lumtj foi se\eial ^loupa of imcstigatoi’s»' ^ to c\a}iidtc tiio use ot Lonibifud 
influenza A and B Mrua \ iceiiie as n means of pioteetioii against this disease 
These studies ^ leldcd liiahh significant it suits in ia\oi of tJic pioplnlnetic ^aluc 
of viccination e^en uhen the \'iccine nas p,iven ns long as a pieccding an 
outbreak* Although these nuestigatioiis established without doubt the im 
portaucG of vaccination ns i contiol pioccduie dining the 1943 nnd 194^) cpi 
demies, furthei e\aluation during subsequent outbieaks m cuihan ^loups 
seemed wnriantcd Studies on the pciiodiciU of epKlemu intluoiui induifn] 
thatsometunc during the fall nnd Minter of 1946 1947 an ontbical would ofiin 
In the fall of 1946 thcieforc, a studv was oignmzed at theUniMisiti of ( hn i^o 
to test further the usefulness of vaccination foi piotection against infiiunzi 


AIETHODS 


Popiilahon — Two thousand and twentv students (men and women) iuiiio 
tti twelve University houses wcic employed m the epidemiologic study Seven 
hundred ninety volunteers were vaccinated and 1,230 scivcd as controls The 
'accmation progiam was eairicd out in the doimitoiics over a peiiod fiom 
6 to Dec 6, 1946 Not more thnn 50 pci cent of the population in a ywen 
house was vaccinated A xetotd was kept of ench student m the test and con 
trol groups in the Student Hedth Clinic and all icspiratoiy illnesses wcit 
wcorded The epidemiologic data were dciivcd fiom patients reporting to tiic 
*^111110 for care In oidex to obtain crude data on the overall nicidenec oi in 
fiuenza, a questionmne was sent to all the students in the test and contiol 
oWiups on April 6 inquiring whethei they had had an illness with synijitoms 
resembling influenza during the pievious si\ weel s wliicli mcluded the epidemic 
l)cnod 

In addition to those in the dorimtoiies scvcial lumdied students Inin,, in 
private homes fraternity liouses, and so foith, were also vaccinated in the 


"The Un^vckilr lUedicIne and the Student Health Service School of Sreclfcln 

wa-* supportcl (in part) bv a research grant fiom the Dlvl ion / 
UeaUh Se^lce^* Etllou hips of the NUiomI institute of Health Unltvl Stitts Public 

1 ^‘rV before the Tnentleth Vnnual Meetine of the Cential Societj for Clinical 
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clinic These, along with several hinidiecl unvaccinated students not lucluddi 
in the epidemiologic gioup, weie cared foi m the dime oi hospital during ik 
epidemic period Seia fiom both acute and convalescent phases also were 
obtained fiom many in these groups foi serologic diagnosis of influenza 

Facciiies — Thiee difteient eommeieiaUy prepared inactivated mas \ at 
ernes'-' havmg an A component of 25 per cent PK--8 and 25 per cent Weiss stiauis 
and a B component of 50 pei cent Lee strain were employed The number 
receiving each brand of vaccine was approximately the same Bach student m 
the test group was given 1 e c of vaccine subcutaneously m the deltoid region 
of the light 01 left aim Skin tests to determine sensitivity to the \accints 
were not performed prior to vacemation The volunteers were questioned about 
sensitivitv to eggs, foivl featheis, or to previous vaccinations Those giving 
positive histones were placed m the contiol group Only nunoi local leactioib 
and an occasional moderately severe geneialized leaction to the vaccines con 
sistiiig of fevei and malaise vveie encounter ed 


RESULTS 

Ivimune Response to Vaccination — The method employed for antibodi de 
termination was SaUc’s' modification of the Hirst® chicken red cell agghitina 
tion inlubition teehniciue The immune lespouse to vaccination (Table 1) "3^ 
satisfactory, as shown bv' a compaiison of the antibody titeis agamst the urjis 
strains in the vaccines in sera collected before and fiom two to three nee 
aftei vaccination There was no significant difteience in the immune response 
to the three vaccine piepaiations 


Table I Mean Influenza Antibodv Titers Before vnd Tv\o to Thfee 
Yaccixatiox Subcdtvneouslv With I cc op Combined A \nd B Influenza mt 

antibody TITEES 

I pobiwee 


VACCINE 

VIRUS 

PAIRS OF 

PREPARATION 

STRAINS 

SERA 


Parke, Davis 


PRBVACC 


Eh Lilht 


I ederlet 


PBS 

9-4 

374 

Weiss 

95 

224 

Lee 

111 

156 

PBS 

97 

294 

Weiss 

94 

137 

Lee 

115 

114 

PBS 

90 

215 

Weiss 

Lee 

95 

93 

182 

104 


1914 

10(5 

ol2 

107o 

914 

4oi 

son 

loO 


— * mouiuLion inacKivaiea dj uiu 

ISi 1 eluate inacthated b\ formalin 

JHigh-speecl centrifugation inactivated bv -formalin 


found 


The 1947 Epidemic — Late in Jamiaij'-, 19-±7, outbiealLS of group’ 

to be due to influenza vuins type A, weie lepoited m Army poP^ pcisoiiuc' 
in Calif 01 ma, Coloiado, and New Jersey » Subsequently, the period 

of other Airniy installations near Chicago were attacked pop'd" 

when the Aimj^ was having its mam incidence of influenza, the ci ^^^,,, 110 - 

r II *4vmdlj supplied b\ Lederle Laboratories Inc Nen -Vorli. N V 
Indianapolis Ind and Parke I)a\is &, Company Detroit Mich 



\ aCIN VTION \C.U\S1 I\I.LUCN7V DUKING FIIDLMIC 


791 


tioii appealed to be iclati\cl\ fict fiom it Ihe pul ot the epidemic amon^ 
cuihaiis occiuied dining tJie I ittei put oi Febiuan ind tlie eaih pirt of 
Haich 

A sharp mciease in tlie incidence of acute icspiiaton disease occiuied 
among the student populition it the Uln\cl■^>lt^ of tine uo dining the fiist week 
of March, 1947 The majoiif\ piescnted sMuptonis cliaiacteiistio of mild in 
flueuza ^itli sudden onset malaise fiont il Jieadache i) ick ]) nn and p^eneialized 
muscle pains, and nonpioductne cough OiiIn l feu complained of soie thioat 



1 -"Incidence of acute respiratotj dUca^o dinonfi: \acclnitea and un\acclnatcd student. 
reportlnff to the clinic for cure durinff tlie epidemic period of Influenza. 1D47 

or stuff} nose or suffered fioiii naiiseu oi \oinitin;' The epidemic was of blioit 
duration, reaching its peak Jlaich 15 and lasting a penod of about foui iieelis 
(Fig 1) Before and aftei the pciiod of morcised incidence the iieelly rate 
for respirator} disease was low and was csscntiall}^ the same in the vaciiiiattd 
and inivaceinated groups (Fig 1) 

Incidence — Tlic data shown in Tabic II aie based on the uuinbci of stu 
dents coming to the clinic and admitted to tlic hospital foi caic foi acute ic 
apiraton disease The eiiteiion for admission to the hospital was geiieralb 
a fever of 101° F or above with coriespoiiding constitutional S}inptoms and 
rough Dining the period of incicased incidence of acute respiiatoi} disease 
from March 2 to Apiil 5 1947 the attack late was the same in the vaccinated 
and unvacemated gioups hein„ 9 5 pci cent Two and five tenths per cent 
of file vaccinated and 2 26 pel cent of the unvaecinated students weie eoiisideied 
aufficieutlv ill to be admitted to the hospital (T iliic II) Five himdied seven!} 
ats students from the contiol „ioup and 606 fiom the test gioiip letuiiied the 
Mspiratoi'} disease questioniiaiie Foitv one and eight tenths jiei cent of those 
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answeiing fiom the contiol gioup and. 46 5 pei cent of the test gioup dcicnbed 
symptoms of uppei lespiratoiy tract infection The gieat majoiitj dated their 
illness duimg tlie period of incieased iiieidence as noted fiom the dime lecords 


Table II Incidence of Aclte Eespik \tok\ Disease Ddrino Epidemic Pefiod 
From Mvrch 2 to April 5, WIT 



I VVCCIMTED (790) 

1 I'W M LIN VTED (IJ)ll) 

GIIOUP tfeated in 

NUMBER 

OP CASES 

INCIDENCE 

NUMBER 

OF CASES 

incidence 

Climc 

55 

7 00 

ss 

714 

Hospitnl 

20 

2 50 

29 

2 3b 

Total 

75 

9 50 

117 

OaO 


Serologic Diagno‘iis of Influenza A — Piom Feb 8 to Apiil 26, 191(, acute 
and convalescent phase blood was collected fiom 192 iin vaccinated individuals 
shoving lespiiatoi}’^ illnesses suggestive ot influenza These veie tested for 
antibody use to the PR-S and Lee stiains of influenza viius No sigmficaut 
use was noted against the Lee stiain in any of the specimens of convalescen 
seia On the othei hand, as is shown in Table III, 40 pei cent of the ooi 
specimens dining the flist three weeks of Mai eh shoved a fomfold oi gieater 
iise in titei to the PR 8 stiaiii ot influenza A vans Only two of the tweui 
lime blood specimens collected befoie and aftei the peiiod of incieased inei ciicc 
of illness, howevei, showed significant uses in titcis to PR 8 

Tible in Antibody Eesponse to Type A (PBS Stpain) ^ 

Unvaccinated Individuals Showing Symptoms of Influenzc ik 

Mdrcn 

\PRIL 

30 5 a 


PERIOD 

OI TIME 

FEBRU VRY 

S 2S 

M \ROH 

2 8 

M \RCII 

9 15 

MtPCH 
10 22 

Pel cent* 

IG 

40 

41 

39 

Comalescent sera* 

1 

16 

IG 

16 

Pairs of sera 

G2 

40 0 

39 0 

41 0 


MUicn 
23 29 
"28 
9 
32 0 


15 

9 


13 

1 

7'i 


•Comalescent sera showing a fourfold or greater rise in titers 


Etiological Diagnosis of Influenza — Tin oat washings weie 
thiitc-two hospitalized patients immediately aftei admission ^ thtu 
gaigle with 10 to 20 c c of nutiient bioth The thioat of I'l 

fiozeii and kept in the diy lee chest until ready foi study Two ® ^ of 

flueuza vans J-16 and L 32 weie isolated In dnect inoculation ° 
the unfilteied, undiluted thioat washings into the allantoic caviti^ °01 cc “ 
clack embiyos on the thud egg passage Aftei the fiist passage, 

10-- dilution of the allantoic fliad was employed Penicillm an Ij^jore 

(100 units pel 1 0 c c of undiluted washings) veie added 
the initial inoculation was mpde and occasionally befoie su ol 

The eggs weie mcuhated foi foi tv -eight houis at 99 to 100 ^ Men' 

thioat washings weie subiected to at least loin egg passages le 


discaided 

Antigenic Relationship Beta een Influenza A “ '■ eollcctcd 

Stiapis — Sixty-eight pans of seia fiom nnvacciuated mdi 


PR s 
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foie 'ind aflci the infections aoiin weie tested loi uitihoch kscls a^ambt the 
PR 8 as. ^\ell as Uoainst the lecLiitU isolated T lb ind T 82 sti uns (Table IV) 
Tlnih se\eii ol the comaksceiU sci i •'liouin^ \ touitoUl oi ^leitei use in 
antibodj titeis Qaainst PR S also showed si^mfieint use in titei*s to strains 
J 16 and L 32 Likewise, as shown in Table IV thut> one pairs of seia showin„ 
no siomificant use in titer to PR S also showed no use to the 1047 stiains 


T\cle IV Influenza Antibod\ Tmi s fop rue PUS JIG vnd I ^2 Imub Stemns 
IS Sepv Following Vvcci tion With Combined A nd B \aocinc CosTviMSf 
PUS Str.\in \nd Inffction in UN**vcctWTro Indimdums 



NUMBEi OV 1 MUS OF StI 

V TrbTCb 



I osTv \t 1 IN \ nos 

( 1)N\ M 1 

1 sriNT 


00 

, 

It 

vines STR.\1NS 

Ml VN 

KH 1» 1N( 111 VSl 


PR S 

7 1 

0 1) 

1 i 

TIG 

1 

a*' 

n ' 

r o2 

1 S 

51 

0 7 


Show el fourfold or gre iter fncre i e in til r t llio time cf oMe*Bal te t nt, fjr PR S 
influenza antibodies 

tSliowed thrtefol I or k s ri'^o in titers to PH S influenza antibcHlies at tin* of tkiml 


Si\ti pairs of sera collected at the time of \accination also weic retested 
for autihodj lespoiisc asSamst PR 8 and the 1947 viruses (Table II ) V heicas 
Ihc postvaccmation scia showed an a\ciage mcicase in antibod> to PR b of 
over sevenfold, no significant use was noted to the J 16 and L 32 stiaius These 
data show that theie was no close antigenic lolationshij) between inlluenza mi uses 
causing the 1947 outbicak and the influenza V component in the vaccine let 
tilt uicrease in antibod> titci-s in the convalescent seia to the J 16 and L 32 and 
also to the PR 8 stiain GstabUshes the first two as tv pc A influenza viiuses 

Serologic Studies on Vaccinated Individuals — Acute and convalescent 
phase sera were obtained fiom 46 vacemated individuals in the test gioup wlio 
came to the clinic oi were hospitalized foi caic between IMarch 2 and Apiil 5 
Twenty three pairs (50 per cent) showed a fourfold oi gieatei use to the J 16 
strain of influenza viiiis The majority of those showing significant rises showed 
less rise m antibodj titei to the PR 8 strain, m all piobabihtv because of the 
nutialR hioh antibodj level in the icute phase sei i (Table 

Pre and postvaccmation blood specimens had been obtained from 25 of 
the vaccinated individuals fiom whom acute and com alescciit sera weie collected 
at the time of illness Fourteen (56 pei cent) showed significant uses in titei 
■•1 the convalescent sera to the J 16 viius but no iisc m titei to this stiaiii in 
Ihe postvaccmation sera (Table V) On the othei hand, vaccination provoked 
■'ignificant uses in titer to the PR 8 strain, and the antibody levels to PR 8 weie 
slightly lower in the acute phase seia collected at the time of illness than 
fhose piesent in the postv aecinalion samples (Table V) The low antibodv 
to the elosel> related T 16 and L 32 influenza vniis strains and the rela 
ti'ely hi^h antibody levels to PR S m the acute sera of vaccinated nidrviduils 
together with the significant use m titeis following infection establish the 
former strains as the etiological agents of the 1947 influenza outlneal 
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Table V Comparison op Influenza Anhbod\ Titers for the PE 8 and JIG Str.il\s 
IN Sera Following Vaccination With Combined A and B Vaccine Conthmao 
PE 8 Strain and Infection in Vaccinatfd Individuals 


CASE 

VIRUS STRAIN 

; VVCCINAPION SERA | 

[ infection SERI 

PRE 

POST 

l?OLD 

RISE 

\CUTE 

CONVAL 

FOLD 

RISE 

C 99 

PR 8 

32 

1024 

10 

512 

4096 

6 


J 16 

32 

32 

0 

16 

128 

6 

764 D 

PR 8 

64 

2048 

10 

512 

1024 

0 


J16 

32 

64 

2 

32 

256 

c 

161 Z 

PR-S 

64 

1024 

s 

1024 

1024 

0 


J 16 

82 

32 

0 

32 

128 

4 

107 Z 

PR 8 

64 

8192 

14 

8192 

8192 

0 


J 16 

16 

82 

2 

b-i 

512 

0 


125 B 


200 B 
586 B 


504 B 


266 B 


1040 V 
1027 V 


105 V 


1057 V 
187 V 


PE-8 
J 16 
PE 8 
I 16 
PE S 
I 16 
PE S 
J 16 
PE 8 
J 16 
PE-S 
I 16 
PE 8 
J 16 
PR 8 
J 16 
PR 8 
116 
PR 8 
J 16 


128 

16 

64 

82 

4006 

82 

128 

16 

2048 

64 

128 

J2 

64 

82 

256 

64 

256 

64 

512 

32 


1024 

16 

2048 

82 

4096 

64 

2048 

16 

4096 

64 

4006 

64 

2048 

64 

512 

64 

512 

64 

2048 

32 


6 

0 

10 

0 

0 

2 

8 

0 

2 

0 

10 

2 

10 

2 

2 

0 

2 

0 

4 

0 


512 

16 

2048 

32 

2048 

32 

1024 

16 

2048 

64 

512 

32 

512 

82 

1024 

16 

256 

128 

4006 


1024 

128 

4006 

128 

8102 

512 

409G 

128 

4096 

512 

1024 

1024 

1024 

256 

2048 

256 

512 

512 

4090 

128 


10 


DISCUSSION J 

A yeai pievious to the 1943 influenza A epidemic, Salk and 
inoculated a laige numliei of subjects in a state instituiion -with o. ^ 
influenza A and B vaccine similai to one of the piepaiations einp ju 

study The lesponse to the vaccine was good and seia fiom the 

chviduals even aftei a yeai showed antibodv levels seveial times lng>e| 
pievaccination titeis Pioof of the immune state of the vaccma ® 
after a year eompaied with the contiol gioup was shown in the 
incidence of infection in the foimei — 1 9 pei cent eompaied wit 
in the lattei The largei study foi the evaluation of influenza j^p, 

ducted by membeis and associates of the Commission on Influenza, 
demiological Boaid, dm mg the 1943 epidemic likewise yielded m 

cantly in favoi of vaccination == The incidence ot infection was 
the test gioup and 7 1 pei cent among the contiols In this study 
tioiis weie given immediately before and up to twelve weelis pi®' 
outbreak of the epidemic Among the gioup vaccinated fmm eig 
weeks befoie the epidemic, hovvevei, essentially no pioteetion uas 

The vacemation studies by Piancis^ and Hiist^ and then ^aecu'^ 

the influenza B epidemic of 1945 again Yielded favoiable lesiflts ain! 

tions weie earned out within a month pieceding the outbieav 
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co\\orkers obseived an incidence of 115 pei cent anions the \accmated and 
9 91 per cent among tlie umaceiintcd niduiduals ^\lllle Hirst noted an inci 
dence of 0 5 and 12 5 pel cent iespectn< I\ m the tist and tontiol gioups The 
virus stiains isolated duiin„ tlie 1913 influenza A and 1945 influenza B epi 
demies iveie found to be closeh itJatcd antigenicalh to those in the vaccines 
and the significantl} louei incidente among the \acciiiated indniduals ■was 
considered to be due to the piophj lactic eftect of vaccination 

Duiing the 1947 influenza V epuleinic as shown in this and othci leported 
studies, no such diamatic piotcclion following vaccination was obseived 
At the Univei'sitj of i\Iichi„an Fianus Salk and Quilligau''’ imported an in 
cidence of influenza in 10,328 vacciintcd individuals of 7 2 pei cent compaied 
with 81 pel cent in 7 615 contiols I ikewise in a studv at Bucknell Univti'sitv 
by Fowle and associates, the meidencc was 7 05 pei cent m vaccinated persons 
(1,250) and 7 3 per cent in tlie nnvaceinatcd (794) The findings m these 
studies also suppoit the ejndcmiological obscivations made bv the -Vrmv duiiiig 
the 1947 epidemic amoiio its iieisoniicl® Van Ravenswaay^^ lepoited an inci 
deuce of 20 2 pei cent among 237 vaccinated cadets compaied with 27 8 per 
cent among 284 nommmunizcd bovs Si^el and associates’* studied the 1947 
epidemic outbreak among 521 students in a bovs school 88 pci cent of whom 
were vaccinated Of the vaccinated gioup 54 poi cent were consideied to have 
become ill whoieas 49 pci cent of the smallci contiol group contracted in 
fiuenza The incidence of niodoinfeh ill patients in the vaccinated and unvae 
cmated groups was 36 and 30 pei cent icspectivelj Wellei Cheever and 
Enders’ also found no piopliv lactic effect following, the mtiadcimal inoculation 
of influenza V and B vaccine duiin^ the 1947 epidemic although the antibodv 
response to vaccine bj tins loute appealed to he adequate The epidemiological 
data in this studv weie obtained hy questionnaiie Of the 316 indivaduals wlio 
received the vaccine, 34 pei cent lepoitcd svmptoms of acute upper rcspiiatoi} 
tract disease, while 28 pei cent of 329 uuvaccniated personuel had a similar 
illness during the epidemic peiiod 

The onl> favoiable studj leportcd to date on the value of vaccination against 
epidemic influenza during 1947 is that of Tumble” This was earned out 
among the student population at the Univcrsitv of Missouri The inteipietation 
of the lesults of this study is open to question because the incidence of in 
ilueiiza 'unoiig the vaccinated and uimccinatcd gioups was obtained b} polling 
at random various students encountered througliout the Univeisitj campus and 
^unoundmgs ’ A detailed analysis of the 880 cases admitted to the hospital 
during tlie epidemie peiiod would have vielded more definitive lesults 

In oui studv the questioiinaue method vielded a ciude incidence of acute 
respiratory disease among the vaccinated and uouv accinated gioups of 46 5 and 
per cent i-espoetuch wlieieis the ineidciiie duiiiu tlu epidcmu penod 
Was tlie same aud was oulj 9 5 pei cent iii the test and contiol r,i-oiips as shown 
b} the chnic data It was still lowei as fai as oui serologic studies weic con 
rerned Oiilj 38 6 pei cent of 14S pairs of sei a collected from students show 
symptoms of influenza dining the epidemic peiiod showed significant uses 
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(foul fold) in titei to the PE-8 diagnostic antigen The studies of Sigel and 
associates'^ employing the complement fixation test and soluble PE-8 antigens' 
showed a much gieatei nuinbei with significant uses 

It IS evident from the etiological studies of the influenza epidemic ot IWi 
that the failuie of the combined A and B vaccines to protect vas not due to 
the time inter \al between vaccination and the outbiealc Vaccination was 
equally ineftective as lepoited by others when done from tuo weeks to tiio 
and three months before influenza oceuiied Although m oui stiuh the lutei 
val was from four to five months, antibody deter minatioiis on acute seia in \ac 
cinated individuals show'ed essentially the same high titeis as did the seia taken 
tw'o to three weeks after lacemation These observations support those ot 
Piaiieis, Salk, and Quilligan In all piobability the fadiiie of the laccinom 
this epidemic w’as due, as Francis and associates have pointed out, ‘ to the 
lack of sulfieient antigenic crossing betw'een strains of virus in the vdccnie and 
the prevalent strains responsible foi the e]ndemic ” This conclusion was based 
on evidence obtained from compaiative seiologic studies with strains isolated 
dining the 1947 epidemic and those incoipoiated in the vaccines Oiu studies 
on the antigenic lelatioiiship between the leccntly isolated strains and those 
makmg up the \accines support the observations of Fiancis and associates, 
as wen as those of Siiiadel," Hiist,^'® and Sigel and eo-woikeis The failme to 
demoiistiate the usefulness of the vaccine iii this epidemic should not be taken 
as a reflection on the vaccine itselt or on pievious studies duimg which post 
tive results weie obtained The vaccination piogiams of Francis, Salk, 
and other members ot the Influenza Commission dining the 1913 an 
epidemics establish without doubt the value of vaccination as a control pio^w 
duie against the disease caused by viius strains closely related to those m 


vaceme ^ ® 

The low antibodv levels against the 1947 strains nr the pie vaccination 
acute seia indicate that the population has had little previous 
them 'Whethei the 1947 strains, which were seeded thioughout the 
during the spring months, will be lesponsible foi subsequent outbiea 
be detei mined Antibody response to vaccination"'’ with comhinec in^^^ 
virus A and B vaccines containing, in addition to the PE-8, 
strains, the PSI-l 1947 stiain was disappointing While the PK^S, 

Lee strains stimulate significant antibodv response m mdividua " 
initial titeis (16 to 64) as shown by the chicken led cell 
bition technique, the FiM-l antigen produced little oi no n that 

use These studies point up the fact, as Van Kavenswaay ^ of in 

“fuithei study is necessai-y to define the apphcation and ^1," „estioio> 

fluenza V acciiie as a prophylactic agent ” Sigel and co-wmikeis oftei ^ 
foi impiovung the vaccine"^ Dingle,"^ in reviewing the piohlein 
emphasizes the many gaps in oiii knowledge of this disease and ds vo 


coNci usiONS oiiibx’'-'* 

No piophvldctic eftect was observed following vaccination of 

A and B influenza viius vmccines four to five months pnoi ta an 
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influenza imoiig tlic students at the XIimcisit\ ot ChicioO m oil ircli 1947 The 
tune between \accination and the onset of tlie epidemic was probably not im 
portant m accounting foi llic hel of cftcet of the \ aceincs Of most importance 
was the absence of a close antigenic iclatioiislnp between the Mimses in the 
\accnie and tlie strains causing tlie epidemic this has been denionsti ited b\ 
virus isolation and sciologic studies 

Failure to demonstiate the usefulness of the aacenie duiin^ the 1947 
epidemic should not be taken as i letlectioii on the \accine oi on pieMOUs 
studies duiing which positne lesults weic obtained Studies made duiing the 
1943 and 1945 epidemics established without doubt the ^alue of eaeeiiiation as 
a contiol proccduie a„ainst the disease (aused b\ a \iius stiain closeh related 
to the strains in the ^acelnes Howe\ei a compaiison of data conceining the 
lalue of \accination duiing this and the 1943 and 1945 epidemics shows cleaih 
that a laecine which alfoids pioteetion during one epidemic does not insuic pio 
tcction against subsequent outbicaks 

The efficiency of a \accinc will depend (1) on its abilitv to imtiatc an 
adequate antibody lesponsc and (2) on a close antigenic relationship between 
the \nius components in the \accinc and those initiating the epidemic ruitbei 
de^elopraent of an influenza vaccine of broad antigenic co\eiage and stud\ of 
the limitation of its usefulness as a piopln lactic agent against epidemic influenza 
are needed 
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TOPIC^VL APPLICATION OP SUBTILIN TO TUBERCULOUS 
LESIONS IN JliN* 


Seymour M P uiduj, JI D , IIenry R L vaijs, M D , H vmilton H 
Anderson, JI D , vnd R vurir D Gorm vn, JI D 

Sw Frv>. CISCO CvLIi 


JN REGENT jeiis attention has been locuscd upon the (-hemotheiapeutic ap 
proach to the tieatmcnt of tubciculosis Piomin and its deii\atnes \\eie 
found to be highly eftectue against Mucohactcnum tubciculosis in Mtio and in 
experimental animals, jet clinical expeiicnte failed to icveal deinoiistiable effects 
ol these drills on tubeiculous infections in human beings On the otliei hand 
stieptomj cm, which was similailj cffccti\c m \itio and in animals has proved 
e cacious m the tieatmcnt oi ceitaiii phases of liunian tuberculosis Pinal 
evaluation of an antitubeieulosis a^eut must be earned out aftei its use m the 
tieatmcnt of the disease in Iiumau beings 

In the past two jeais theie have been scveial leiioits iCg, aiding basic in 
testigatious of a new antibiotic, subtihn whicii has lieen effective against Myco 
w cicw?05W in vitio and to a limited extent in animal expeiiments This is a 
prehmmaij icpoU on the topical admmistiation o± subtilm to eiglit patients 
tubeiculous lesions It is realized that no conclusions can be diawn fiom 
a report of this uatuie, but it was felt that this limited clinical expeiience should 
e made available to other investigators 

The antibiotic activitj of Bacillus suhtUxs lias been lecOoUized foi a numbei 
^ jears, and in 1944 subtilui, an antibiotic deiived fioin a stiain of B suhtilis 
'vas announced by Jansen and Hii*sclunann ‘ Baeteiiostatic and bactericidal 
J^ctiou in vitio against Myco tubciculosis was icpoited bj Salle and Janu* and 
con rmed by Wong, Hambly, and Andeison^ Pielimumij studies rcpoited bj 
f 6 indicated that experimental tubciculosis ni gumea pi^s might be favoi 
^ ^ admniistiation of subtiUn but expeiimentation in vivo was 

re ai ed bj ceitaiu physical properties of the drug 


The solubility of subtiliu m phjsiologic saline solution and in human seium 
^ ^Ppioximately 0 05 pei cent, although it is leadily soluble in watei As 
siown by Wilson, Lewis, and Humpbieys® subcutaneous oi intiamusculai mjec 
^lou of strong aqueous solutions into animals pioduces veiy low concentrations 
le diu„ ni the blood and subtilm piecipitates at the site of injection The 
tissue fluids appaiently precipitate the antibiotic, and subsequent ab 
- ^^tio n of the pieeipitate is exceedingly slow 


'^isco University of California Medical Ser\lce San Franci'^o Hospital San Fran 

'rheranei.?fr^T®T*^^ Public Health and the DUlsIon of Pliamiacologj and Experimental 
l^utics University of California Medical School. 

s i\ork Was partially supported hy Ell Elllj S. Company Indianapolis Ind 
for publication Mar S 1948 

P^utlca ^,.*^ooperatl\Q stud> -with the Division of Pbarmacolofir> and Experimental Thera 

Andean California Medical School San Franci co under tlie direction of Dr H. 
‘^•recUon of Bacterloloo Unl\erslt> of California Los Vngeles under the 

oratorj Ubany ^ Salle and members of the staff of the Western Regional Research Lab 
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The dlug has not been admmisteied oiallv because tests iii vitiolia^eK 
%ealed that digestive enzjunes destioy a consideiable poitioii oi subtllln^, 
actn ity ’’ 

Obsei nations on chemical and physical piopeities of siibtilm have been ic 
])oited bv Dimick, Aldeiton, Lems, Lightbody and Fevold, and inoie leienth 
bj Lev is ® 

Since subtilin was lelativel}'- insoluble in physiologic saline solution, 
paienteial adnunisti ation was considered impractical Although it rs tulh 
lealized that aeiosol administration alone is by no means a satisfacton 
method ol treatment oi tuberculosis, it was ielt that useiul inioriiiation miglit 
be gained b5 employing the ding topically, and the present study yvas under 
taken 

Topical application yvas by the intiaoial adnunisti ation of nebulized solii 
lions of subtilin to eight patients yvith laiyngeal or endobionehial tubeiculoss. 


OBSERyATlONS IN EIGHT C\SES 


The patients ranged in age from 18 to 60 vears and included iiienibeis d 
both sexes All yveie obseiyed for at least si\ yveeks prior to subtilin therap' 
As shoyyn in Table I, foui of the jratients had tuberculous laryngitis and one liai 
endobronchial disease Three other patients had model ateh oi fai adianw 
pulmonaiy tuberculosis yvitli cavitation, and one of these had a recent bronc ^ 
genre dissemination oi disease These latter three patients yyeie considered o 
have a conspicuous bionehial factor in then pulmonaij disease although lesions 
yveie not obsened in the main stem bronchi at bionchoscopic evaniination, an^ 
subtilin therapy yvas directed toyvaid presumed endobronchial lesions ui > 
smaller brorrehr 


Method of Advnmsti ation — At the beginning of the study subtilin 
supplied as a 0 25 per cent solution m 0 45 per cent sterile saline so u 
Subsequently the strength of subtrim m the solution yvas nici eased an 
saline concentration yyas necessarily decreased (due to the loyv 
subtilm in saline) The daily dose yy'as dmded into four to ten to 

1 0 cubic centimeter The portion yyms introduced mto a nebulizeit at 
a standard oxygen tank and administered intiaoiallv as described ® ^ 

Later a 1 8 per cent aqueous solution of urea yyas used as the soben n 
of saline This isotonic solution produced less tracheal nutation tient 
Both 4 and 6 per cent solutions of subtilin yveie administered to one 

Dosage — Early in the investigation patients yveie given 10 
daily, and the dose yyas increased gradually in the course of tyyo or 911 

to at least 90 mg dailj- For a considerable period tyvo One 

mg dailj, four patients, 120 mg daily, and one patient, 160 mg 
patient received 600 mg daily for six yyeeks „,,i 

thp ilCtlOH 

Clinical and Lahoiatoi y Studies - — In an effort to determine 


possible toxicity of subtilin, the folloyving laboratory procedures yyeio 


*The subtilm used in these studies was supplied bj the "Western R€ 
rator\ \lban3 Calif 

tKindl\ supplied bj Vaponefnn Company Chicago HI 


noinl 
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lu addition to complete pli\sical, bronclioscopie, \ la}, and fluoioscopic exainina 
tious detLiimnation of vital capacity, nieasuienieiit of daih sputum output 
mmal>sis, complete blood cell county deteiniiiiatioii of sedimentation latc and 
of the concentration of nonpiotein nitrogen and^sugar m the blood and pzotcin 
m the serum albumin globulin latio, icteius index, and ctpliahii flocculation, 
biomsulfalein ll^er function test and phenolsulfonplithalein lenal function test 
Acid fast bacilli weie cultured fioni the sputum of all patients vvith one 
exception, before theiapj Organisms neic subsequently rtco\eied from tlie 
sputum of this piticnt and two %enspnor to subtilin therapy liniigeal biopsx 
reiealed tuberculosis 

Sensitivity of the lubeicle bacilli to the antimiciobial action of subtibu was 
detei mined in six cases prior to treatment 

During theiapy tlie following proceduics woic earned out at weekh intei 
vals measurement of sputum output, culture and smcai of tluoc d‘\\ sputum 
ooiKcntnte deteimination of Mtal capacit\ and sodiincntation latc complete 
blood cell count, and luinaljsis Chemical anahscs of blood weic repeated at 
mouthly intervals 

The piogress of the disease was followed duiing thciap-y In moans oi 
h'cquent physical, fluoroscopic, and x lax examinations 


Table I Soamw TuEitvm Data Obtained From Eigut P^TlE^TS 


PATIENT 

CONDITION 

1 SOBTILIN , 
(TOT\L 

OM ) 

DUfLVTlOV 

oPTnEmvrv ' 
{MO 1 1 

IMI ROVFMENT 

1 

1 Tuberculous laryngitis* 

38 

3 

Marked 

2 

Tuberculous Krjagitia 

ol4 j 

8 


3 

Tuberculous lar\'ngiti8 

1 17 

7 

iQuc tionable 

4 

Tuberculous laryngitis 

12 0 1 

2'A 

iNonc 

u 

Endobronchial tuberculo is 

32 S 

10 

1 Marked at {lr^t uac 

1 tivatiou Ktcr 

» i 

Presumed endohronchml tuber 
culosis 

G3 j 

4 

iNoiie 

7 1 

Presumed endobronchial tuber 
culosis 

15 7 


Noue 

k-r 

S 

I resumed endobronchial tuber ; 
Culosis 

l v' 

^ i 

|Nodl 

1 


Glxnxccl Observations — 

In the foui patients with tuberculous laiyucitis, improvement 
Mas marked m one, sliglit iii one, and questionable in one In the fourth the 
disease progressed and the patient died 

The patient who showed maikcd impioM-meut (Patient 1 lable I) had 
niodecatelv advanced pulnionaiv tuberculosis with cavitation Piioi to subtiliu 
therapy tJug patient had undergone theiapeutic pneumothorax and phrenico 
tnpsi The laryngeal lesions had been tieatcd previously with penicillin inliala 
tion and local application of sulfadiazine crystals in an effort to contiol sec 
oudaty infection, and the disease process levealcd slight improvement prior to 
^application of subtilui A laige cavity Ind not responded to pneumothoiax 
The laryngitis impiovcd lapidly after institution of subtihn theiapy and aftei 
four months only scaiimg of the vocal cords remained No change in the laiynx 
oecuired lu six mouths thereafter, although reactivation of puhnonaiy di.se isc 
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oceiuied Since maiked impiovement in the laiyngeal lesions occiuicd \nthiu 
one week of the beginning of subjilm theiapy and while the dose was onh 10 
mg daih, the lelationship of the antimieiobial theiapj to the disease legicaiou 
IS difficult to evaluate 

a 

The patient whose condition showed slight impiovement (Patient 2) had 
active pulmonaiy disease Aftei two and a half months of subtilm tlieiapi there 
was modeiate subjective and slight objective impiovement Despite contmua 
tion of subtilin theiapy foi a total of six montlis, no fiiithei impioiemeut 
occuiied 

The patient showing questionable impioveinent (Patient 3) had tai ad 
vanced pulmonaiy tubeiculosis confined to the light lung Subtilm inhalations 
weie oiigmallv instituted to obseive the possible effect on the pulmonaiy lesions. 
Despite the development and subsidence of a light pleuial efiusion during 
subtilm theiapy, the paieuchymal disease showed slight giadual healing mxr.n 
studies Hoaiseness also developed “while this patient was being tieated, and 
lai’juigoscopic examination levealed lesions consistent with tubeiculoiis lann 
gitis Sjunptoms lemamed mild while use ot the drug ivas continued, hut aftu 
discontuiuance the laryngeal disease shoived piogiession, both subjectneh and 
objectively Whethei this demonstiates any effect of subtilm on the larnigwl 
lesions IS veiy doubtful 

Patient 4 had advanced puhnonaiy tubeiculosis complicated by leiv seieie 
and deeply infiltrated tubeieulous laryngitis and, as later sliowm ut aiitopi' 
obstructive involvement of the esophagus The lai yngitis piogiessed duimg sub 
trim theiapy The possibility’’ of mfluencing a piocess of this iiatuie by topna 
application of a drug to the larynx is unlilcely 

Endobi onchial Disease Theiapy in one subject (Patient 5) 
fully evaluated because of extensive lesions visible at bionchoscop' ^ ® 
tieatment the left mam stem bionchns of this patient was SO pei cent occ u 
by tnbeicnlous gianulations and debus i^tftei tliiee and a half 
subtilm theiapv, duimg winch the dose was giadually ineieased to 
daily, bionehoscopy levealed definite evidence of healing and only 20 pc| 
occlusion Aftei eight and a half months ot theiapy, duimg which 
was increased to 120 mg daily, bionehoscopy revealed no occlusion oi ^ 
evidence of endobi onchial disease Duimg subtilm theiapy tlieie was no 
ciable change m the fai advanced bilateial pulmonaiy tubeiculosis, no 
in mtal capacity (900 c c ), and no coneeision of the positive lesultso 
tion of the sputum Aftei ten months of subtilm theiapy, anotliei 
examination leiealed inflammation and gianulations involving m 

tiachea, and bionehi This w’as mteipieted as being tubeieulous an 
origm Sputum eultuies at tins time revealed Myco be 

which weie twice as lesistant to subtilm as oigamsms lecoveied m t as 
foie treatment It seems possible that subtilm favoiably influence 
bronchial disease oiigmally, but it had no demoustiable efteet on 
parenclijunal disease Although the development of marked 
to subtilm was suspected, this was not proved by cultural studies, an 
of the reactivation of endobronchial disease is unkno’wn 
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The condition in the thice patients m whom eiidobioiiehial tubeiculosis was 
presumed to be picscnt in tlie small bionclu (Patients 6 7 and 8) showed no 
significant cliangc during subtilin thciap> In the absence of visible endo 
bronchial lesions, e\dluation of theiap^ was based on clinical condition and 
rocntgenogiaphic change in paienelninal disease While thcie was no ladiologic 
evidence ot impioveinent in the e\tcnsi\e pulinomn disease piogrcssion of 
paienchjmal lesions was not demonstiatcd In the patient m whom bioncho 
ocuic dissemination Ji id occuiicd (Patient S) the disease had been progicssue 
at the begiiming ot admimstiation ot subtilin 

Lahoiatorij Studies — Stiams of Myco tubcicidosis isolated iiom six of 
tlic eijit patients piioi to thclap^ showed no r.row'th in subtilin dilutions ot 
1 400,000 (Patients 5 6 and 8) 1 200 000 (Patients 3 and 7) and 1 100 000 
(Patient 1) • jVftei thice and n. half months of thelap^ the oigmisms isolated 
Irom thicc of these si\ patients (Patients 6 7 and 8) showed no giowth m 
solutions of subtilin foui times the oiigmal eftectne conceiitiations This de 
cioase 111 bacteiial sensitmty is piobabh l)c\ond the expciimintal enoi of the 
proeeduie and is conaideicd suggestue cMdence of the development of bactciial 
resistance to subtilm m \i\o In one subject (Patient onh a twofold dcciease 
m sensitnitv was demonstnblc after eight and a lialf months of thcrapv This 
change maj be within the experimental eiior of the test 

Determination of tlic concentration ot subtilm m the blood was earned out 
in a patient who had received the diug bv inhalation foi thiee months in the 
lost two weeks of which the dose had been 400 mg daih No subtilm activitv 
could be demonstrated m the blood 

Toxicity — No evidence of toMcitv m the kidncvs livci oi bone maiiow was 
encountered 

Administration of subtilm bj inhalation was associated with nutation of 
the lespiratoiy tree in almost all patients "Mild dvspnca inciease m coiioh 
and sputum, and mild phaijngitis occuned commonh dunng the first two or 
three weeks, after which the sjmiptoms subsided oi disappeared The dvspnea 
and cough were frequently relieved b^ including fiom 2 to 4 drops of 0 27 
pei cent aqueous solution of Neosyiiephiiii hvdiochlonde ni the nebulized solu 
tion Flank wheezmg and sibilant lalcs vvcie not associated with this leaction 
In one case recurrent hemoptjsis was encoiuiteied and m scvcial others isolated 
episodes occurred 

Recurrent headaches developed in one patient icceivang subtilm and theic 
several isolated instances of headache among the patients leceiving the 
dioig No neurologic abnoinialities were found and vsheii headache v\as en 
coimiered it le&ponded to the usual medications Implication of subtilm as a 
causative agent does not seem wairauted 

Asthma developed in one subject (Patient 1) ifter tinec moiitlis of therapv 
and it v\as neeessaiy to discontinue admimstiation of tiie chug for this leason 
^0 otliei evidence of hypei’sensitiv ity was observed 

It sliould be emphasized tliat the lack of seiioiis toxicitv cncounteied m the 
ebnical use of this dmg ma> be inhcient m the mode of administration which 
in negligible sv stemic absolution of subtilin 
"''e are Indebted to Miss Jojce Vmluxcn for Uiese atudJes 
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COMMENT 

It IS tiilly lealized that a diug should be admmisteied svsteraicdll; m older 
to e\eit a significant bacteiiostatic oi bactericidal effect in a disease such as 
tiibeiculosis in man It is also fully appreciated that a large minibei of patients 
should be treated before any definite statement can be made legaiding the 
clinical value ol an antitubeiculosis agent This prelimmaiy investigation ot 
the topical application of subtilin in a small number of cases does not iiaiiaiit 
drawing any conclusions However, suggestive evidence of therapeutic actniti 
and of minimal tovicity affords stimulus for continued research 

Basic investigation is being directed toward the development of a modifica 
tioii of subtilin that can be administered parenteially Intravenous infusion o 
veiv dilute solutions is possible in animals,” but utilization of this tecluiiqiie in 
man for a piolonged period would be impractical The development of erna 
lives of subtilin with increased solubility in physiologic fluids and ivitli ictention 
ot potenev is being investigated by Lewis and associates Piehmmaij lesu ^ 
ivith some of these derivatives are encouraging Work is also being cairic oi 
by Maelay and others regarding the possibility of combining subtilin wit i pet 
to alter its chaiaeteristies of absorption 

Further inrestigation of the therapeutic possibilities of 'j,i 

basic research directed toward development of derivatives more 
physiologic fluids Subtilin in its present fomr has no place in tie ua 
of tuberculosis other than for purely investigative purposes 
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VDMINISTKATION Op PENICILLIN AND STKEPTOAH C IN B\ JILANS 
OP THE HIPOSPR Vr APP VR VTUS (JET INILCTION) ABSORPTION, 
'10XICIT\ VND STABILITY 


IliROLD Ij IIiiisii, D , Hf\r\ AYixcn Pii D , Bern vrd Milloff, j\I D 
iND Sol Katz "\I D 
AVVhHINGTON D C 


Ol CLNTL^ a duice loi the pauntei il ‘idmmistiation ot solutions oi sus 
■iV peiLsions of dntgs known as the Mieiojet oi H\i)ospia 3 becaiue available foi 
stud\ Pieliminai\ lepoits on its use clinic dl\ ba\c bten puldishod b\ Hinason 
and IlUolies' and b\ llino^iou ind associites Tlu pnnciple ot the instiunRiit 
IS based upon the fact that an cvtiemeh fine hi^li piessuu jet is tapabk ot 
PiciciiIq the lumian skin with at most onl\ sIIr^ht jiam Tlu instiument injects 
tliG dnip, lu solution oi suspension b\ means ot huh piessuic* obtimtd tluough 
the lelease h^ means oi a button ot a pievioush wound calilnated huh tension 
spung whieli is attached to a pUnuei The matma) to bt injected is placed in a 
metal ampule (Metapulc) It has a capacity of 0 25 c c and is shaped like a 
blunt nosed bullet with an oiifice 0 003 inch in diamttei in the lounded tip while 
the butt end is stoppered mth a lubber plug The tip of the Metapule is held 
against the skin at the site of the injection with the base locked seeureh in the 
apparatus The pluiuer e\plodes against this lubbti stoppei which foiecs the 
material out of the iletapule aud tlirough the skin as a fine spiaj The matenal 
is deposited subcutaneoush and intiamusculaih to depths \ar 31 ng fiom 0 2 to 
- cm depending on tlic tension of the spiing, and tlie site of injection* Since 
the orifice m the Metapulc through which the medication is CNpelled is onl\ 
0 003 inch the size of a human Iiaii pain is either none\istcnt or \eiy slight 
because theio is little trauma to the tissues and a miiumum ot pain nerve fibeis 
IS stimulated These factoi's aie discussed in detail elsewhere * Anotliei advan 
tfloe attributed to this instiument ls that it ehmiuates the feai incident to injec 
lion by needle and syringe 
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^mce mail) infections aiiienible to peniciHin and streptomv cm theiapv 
itquue injections at le^ulai intuvals thioughout the dav the availabditj of this 
instiument foi the administiation of these antibiotics would considerablj facili 
tale therapy A stud> of the absoiption of peiiiciUm and streptomvcm following 
mtianuisculai injection was undeitakcn Doses of 50 000 100 000 and 200 000 
milts of penicillm and of 0 05 and 0 1 Gm of stieptoiuvcm weie employed The 
mttei dose of both antibiotics was found to be the maNimum amount of each 
could be dissoh ed in 0 25 c c of solution (the capacitj of a iletapule) 


nf Georeetown Medical DRIslon Galllnger Municipal Hospital the Dep^tnicnt 

ani Georgetown Universitj School of Medicine on 1 the Division of Penicillin Control 

in'munologj Food and Drug Administration Federal Securit> Agencj 
Recehed for publication April 13 1948 

Pronorfi^Llim, ->retlc pres ure In the Metapuld Is about 4 kg P r square centimeter Tills I 
( Iwwever to the niucli smaller pleasure of 11 Gni exerted on the fine Jet or column 

to 3 ^nV orifice of the Motapule The jet or column exerts n pressure \urjing from 300 

pounds per square Inch on tlie skin through whicli It makes a ininulo hole or channel 
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The peicentage of patients having assayahle concentiations of pemciHmin 
the blood tollowmg tlie m]ection of 50,000, 100,000, and 200,000 units ot penicil 
lin b-s means of the Hypospiay is sho-vvn m Table I FoUovung the injection of 
50 000 units, detectable concentiations iii the blood weie iound in all of the 
patients at one lioiii and in 94 pei cent at two horns ileasiuable blood con 
centiations y eie found in onl'V 63 pei cent of the patients at the thud lioui and 


Tvble I Percestage op Patie'its With Measuk^vble Coscentrations iv the Bloo'' 
PoLLOviNC THE IsjECTioN OP V vRious Doses OP Bdppered Crastvllise Sodigji Peviciius 

& BY MEVNS op THl HTPOSPPYi APP VRATHS 


DOSF 
( UMTS) 

i 


PERCENT VGE Ot pmENTS 



1 HOUF 

I 

1 2 

1 3 1 4 1 

G 

1 8 

50 000 

100 

94 

63 31 



100,000 


100 

100 

50 

0 

200,000 



100 

SC 

14 


in 31 pel cent at the foiuth houi attei injection AVhen 100,000 units iieie 
adinmistei ed, assayable concentiations weie detected in the blood of all patients 
at foiii houis, 111 50 pei cent at si\ houis, and in none of the patients at eight 
horns aftei admmistiation Of the patients ivlio veie given 200,000 units o 
penicillin by this method, iiieasuiable concentiations weie denionstiated m 
blood of all the patients at foui houis and ni 86 pei cent si\ houis aftei injec 
tioii Aftei eight houis only 14 pei cent ot the patients weie found to 
demonstiable penicillin concentiations in the blood . 

In 01 del to compaie the height and duiation of the coneentiation of 
hii in the blood following admmistiation by the Hypospiay with that ) 


Table II Coycestp \tions op Pemcillis ik the Blood Follow iso the Iw 
Injection op 50,000 Units of Buppefed Cpystalline Sodiuii Pemcillin y , 
Hypospfat Apparatus (0 25 c c ) and by the N^eedle and Sytisge (i a i 


P ITIENT 


HODF 


Hypospray apparatus 


1 

12 

06 

2 

12 

06 

o 

25 

06 

4 

06 

0 

5 


06 

6 


06 

7 


12 

s 

25 

06 

9 

06 

0 

10 

5 

06 

Per cent 

100 

SO 

Keeille and syiinqe 

1 

12 

06 

2 

06 

0 

i 

06 

0 

4 

06 

0 

5 

12 

0 

6 

12 

0 

7 

12 

03 

s 

06 

0 

Per cent 

100 

25 



OG 

0 

00 

T 

0 

oc 

0 

0 

'o 

0 

12 
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needle and sjiinse 50,000 units «cic oi'en to a t,ioup of patients by both 
methods, and blood foi penicillin assai nas taken two tlnee and four bom's 
tliereaftei The lolunit of the penieillm solution uas J5 ce when given by 
needle and sjringe and 0 25 oe when the Hjpospiaj ivas employed It can be 
seen from Table II tint tlie coneentiatious obtained ivith the Hvpospraj were 
somewhat higbei and moie piolonged than those obtained mth the use of the 
needle and sjiinge Although the \oluines of the solution injection weie not the 
same, it is believed that that does not aoeouiit foi the differences It is our 
opinion that the diffeienccs mat he due to the fact that part of the pemeiHnv 
injected with the Hjpospia} is deposited subeutaneouslj It has been demon 
sluted that tin, coneuitiations of penicillin in the blood aic piolonged follovviiu, 
subcutaneous injection as compared iiitli the othei methods of pai enteral iiijec 
tion 


Table in. iVFnAOE Con ctNrnirioss op viTnEprornriv rv tiil Blood FoLrowrno the 
Injection of Vvnious Doses op Streptovivcin Bv Meins oi tub Hvpospiuv Viparatus 



\\EBA6E OOSCENTKATIOV IN 

THE ULOOD f/*0/r C ) 

DOSE 1 

1 HOUR 

(Oil) 

1 4 

1 8 

1 12 


1 25 

02 

31 

01 

25 

3 25 

62 


The mean concentiations of stieptomvein in the blood at four eight and 
t'vclve bouts following the injection of 0 05 and 01 Pm of stieptomjem are 
ihonn m Table III At four, eight and tiielve horn's after the administi ation of 
0 05 Gm of stieptomjoni the mean concentiations neie 1 25 0 62 and 0 31 pg 
per eubie centimeter of soium icspectivelj rolloviing the injection of 0 1 Gm 
the mean concentiations were 2 5, 125 and 0 625 pg per cubic centimetei of 
strum at the same times 


Table IV Coscentrvtions op STREproiivciN in tub Blood Following the Injection op 
ei Gu Streptomvcin Everv Twelve Hours By tup Hyposprvv Apparatus and With 
Needle and Syringe 





CONCENTRAllON IN THE 

BLOOD 

(po /c c ) 



_P<TI£NT I 

1 nooF 

1 12 

1 24 

1 36 

1 48 1 

00 

1 72 

[ S4 

f 9C 

— Veedle and s^rtn^/e 

1 

0 


(5 

G 

0 

6 

1 25 

25 

2 

G 

G 

125 

0 

G 

1 25 

125 

125 


3 

G 

6 

G 

G 

6 

6 

G 


G 

G 

6 

6 

G 

6 

0 

6 

— Tlt/POsprav apparatus 

1 

3 

Q 

125 

6 

Q 

G 

C 

0 

2 

G 

1 25 

6 

6 

1 25 

1 2o 

6 

1 25 

3 

3 

6 

125 

0 

G 

3 

6 

3 

_ 4 

25 

25 

25 

oO 

125 

125 

50 

25 


Since significant concentrations were obtained twelve liouis following the 
'Djection of 0 1 Gm of streptomvcin it was decided to investigate the results of 
Repeated injections of this dose at twelve hoiu intervals and also to compare 
these results with the same dose given bj needle and svnnge For this studj. 
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lilood toi sti eptoinj cm assa^ taken eveiT tivehe horns, immediateh belore 
the next injection (tnelve houis following the pieceding injection), o\cr a 
peiiod of foni days It can be seen fiom Table lY that theie i\as no addeJ 
effect fiom lepeated injections and that the concentiations m the blood at the 
tiielfth horn weie at a plateau Fuitheimore theie iias essentiall) no difterenw 
in the lesults obtained with the two methods of administiation Seieial patients 
e\eie guen 0 1 Gm of sti eptomi cm eveiv foui horns five times a dai b\ means 
of the HjTiospiay Assay of the blood at the fouith houi (immediateh befon 
the next injection) revealed constant concentiations at that lioiii, indicating iw 
inclement of sti eptomi cm m the blood as a result ot lepeatecl injections 

The instillment emplo'jed m these studies had a spiing iihich when leleasel 
excited a static pressiue ot 2,300 pounds pei scpiaie inch on the skin Althoiieh 
it has been slionn that the depth and spiead of the injected matenal \aiies\uth 
the site of injection and the lace of the patient,' no diffeiences in the blood con 
centiations of these antibiotics weie noted m oiii senes despite the tact that tin 
sites of injection neie \aiied (flexoi and extensoi aspects ot aims, tbigbs, 
Imttocks) and both nliite and Negio patients i\eie studied 

TOXICITX 

Alost patients complained ot momentaiv stinging at the site of iiijedion 
paiticulaih Mitli the laigei doses of iienicillm and stieptoniycin ®^*'*^*^ 
patients injected m this senes, only four haxe shown an unfavoiable 
One patient de\ eloped a small aiea of mduiation at the site of 
tw entj -foul houis This abated aftei twentv-foui houis followuig 
warm, wet diessmgs Twm patients developed small heniatomata at ® 
injection A fouith patient de\ eloped a small, subcutaneous nodu e 
of injection seieial dais aftei administiation This peisisted foi a peii^^ 
weeks Similai leactions have been lepoited by otheis^ HvP 0 sP>'‘" 

tiveh simple to master the technique of adnumstiation with t ® 
small Imeai cuts, blistei formation, and bleeding weie obtamed as^^'^ jifgparal 
improper handling drriing the eailj use of this instrument The „i 

tor rnjeetron should be allowed to drj' before administration is a 
Older to prevent the mstraiment from slipprng on the skrn of 

One patient wuth tuberculosis was treated wntli fiic aiia»‘^"'^ 

0 1 Gm streptomicm eierv four hours The posterior aspects ° ^ tberai" 
thrghs were rotated as the site of injection After about ten ahit 

small nodules de\ eloped at the site of injection w’lthin twentj- 01 
each injection It is believed that these reactions weie the 
subeutaiieous depositions of part of the stieptomycm during abiorP*’*'* 

the Hvpospiay apparatus In support of this are the lesu ^ 0 ^^ (jeposilC’'* 
studies, reported herein, w'hich indicate that some of the dmg 
subcutaneorrslj' jjions '**’'*' 

There is also eiidence to indicate that the high 
stieptonncm and penicillin mai have been a factor 111 the e' .Qgpiar 
few untoward local reactions observed with the use of the ''1 


sei les 
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Tlitst studies Melt foi tlie most put ciiiitd out on pitionts with tubei 
lulosis Vftei the fiist tew pitieiits hud iceeived injections lie this instiiiment 
there was no piohltin in seciiiiiij; sohiiiteei-s foi the study m spite of the fact 
that seieial blood specimens weie to he taken fiom i ich patient Tins indeed 
testifies to the cffleicnc) of tins dcciee piitieulaih when tlie "ittitude of these 
patients IS coiisidetcd 


ST VBIUT\ 

Oiu dat 1 on the stibilits of st\ei d aiiiuous solutions of pinuilhn stoicd 
m 'Ifetapules and emploj ed in these studies ire show n m Table V 1 he instabditv 
of penicillin in aqueous solution is well established These lesiilts uidmti that 
the stabilit} of aqueous solutions of penicillin stoicd in Sletapules remains un 
dependalilc The appaicnt discrepnici in some of tlic lesiilts shown in Table \ 
IS undoubtcdlj csplained hj the facts that the Iniul method of fillnij, the Aleta 
pules and the method of assai aie subject to ciroi 


TABIF V STlBIim OF SOLUTIONS OF BuFFEllED CllSTlIIIM SOIIIIIJI PtSKIILIN C DiS 
llSStDlN iImpULES (025 00 ClPltlTl) EMILOIED is lOSIlSlSTETISO DFUl S BS MClSS OF 
TU£ Hi 1 OSPP V\ VPI \E ITL S 


LOT 

UOSE 

(uviTa) 

1 BVSE ASSAY 
(UNITS) 

1 WEFl \FTFR D\SF 

1 

1 5 1 

10 

1 UNITS 

1 

50 000 

44 000 

44 500 

rsoo 

36 000 

2 

50 000 

34 500 


30 250 

25 000 

3 

50 000 

45 000 


51 000 


4 

100 000 

04 000 

34 nno 

115 non 

50 000 


*Tno to three Ua>a after preparation not refrlgcmtcj during intcrsal 
tRefrlgerated 


COCIMENl 


Hiii^soii and associ ites liait demonstiatcd tint „onoiihca ean he ticated 
us elfcctn eh w ith tins appai atus as w ith needle and si i iii„c Dispensing penicil 
ba 111 solution in Ifetapules at piesent for general commercial use with tlie 
present design of the apparatus is at least lerj impractical With the aiailable 
'Ustniment the dose of the antibiotics is limited bj the siee of the Metapnle Tins 


"letliod of administration is not feasible partieiilaih m the tieatment of infee 
boas leqiiiuiig laige doses of strcptoni>ciii It appears, lioweici that the proh 
™ of dispensing penicillin and sti cptomi cm will be sohed’ Tlie mstiiimcnt 
has been improved so that it will discliaige the contents of 0 5 and Ice Alcta 
pules 


The possibilitj of drugs being deposited m blood i essels during the course of 
injection wnth the Hypospray was anticipated In spite of deliberate efforts to 
'hposit some of tlie dui„s injected diitcth into lilood i essels this Ins been 
■'ccoinphshed onlj once when injection was mide dnectlj ovei i vem “ With 
"'ost diu„s this would he ichiti\cl> uniiniioituut hut tlicie aic some diUoS which 
'^ould ln\c seuons consequences following injection diiccth into the circulation 
"rllicr niiestigation is nccessaiy to lesohc this piohicm completely 
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SUMMAKA 

These studies aie evidence that pemcilliii can be ddministeied bi means oi 
the Hypospiay appaiatus Fuithezinore the device has die advantage of deircas 
mg the pain and feai of injection which attend available methods There are 
seseial piobleras to be solved befoie the device can be used geneialb m clmual 
piaetice 

We sMsli to think Dr William A Randall and Dr Clitford V Price and AIiss Velma L 
Cliindler for their assistance in the conduct of these studies 
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THE USE OF YEAST PHASE ANTIGENS IN V COilPLLJIENT 
FIXATION TEST FOR HI&TOPL VSIilOSlS 

I PreLIMIN VR\ ResLLTS ITH R VUBIT Spr V 

Samuel Svslvw, MD, PhD • wd CHVRroTTF C Cvmpbeii 
W \sni\GTo\ D C 

"^HE coincidence of piilmoini\ c ilcifications and skm seiisiti\itj to histo 
1 plainin' has suggested eithei a higliei rate ot infection ^\ltll Ilistoplasma 
capinlatiim than pie\iouslj leeoguued oi infection \\itli an immunologicalh 
cross reacting antigen A lecent leport* that H cap-mlatiim had lieen isolated 
from nonfatal eases implies that infection with tins agent ma\ not be uniformly 
fatal The high pie\alenee of skm sensitue leactoi’s to hi&toplasmin in the 
eastern central states warrants the seaxch foi additional tools for evaluating 
evidence of past oi present infections with // capsuUiium Immunologic pio 
cedurw properly developed and contiollcd ma\ offei additional iiifoimation 
Skm test antigens (histoplasmm) aie picpaied fiom bioth filtrates of the 
l^jceial phase of IT capsiilatum Since it is tlie veast phase of the organism 
that appears in affected tissues of man and animal studies utilizing this phase 
0 t e infectious agent may yield additional and possibly more specific lesults 
Hie ready growtli and mamtenance of H capsulatmi in the j east phase h is been 
reported previously hy one of us (C C C ) and b} otheis « ° The utilization of 
antigen in preliminary complement fixation studies m experimental mi 
^3 IS herein described Botli viable and nonviable antigens were used in 
immunization Since no appieciable differences weie noted other tlian a shglitlj 
^eater immunogenic capacity of the viable forms the experiments desciibed 
e ow are those utilizing killed antigens 

SIATERXVLS AVD METHODS 

and Three strnina of H capsulatU7n m the jeiat pha l which ue call G2 G5 

of n/ used t Two strains of Blastomyces dermaUtidts (VI and A 5) one strain 

stud brasilieiisis (B J) and AMS E 11 strain of Candida albicans were also 

C cultures were grown in the jeast pliasc on glucose cjstine agar slants 

and tl fifteen da\s The growth was washed off witli 'Sterile buffered saline 

e pooled waghm{,3 were filtered through sterile gauze placed m a sterile rubber stop 
oach heated at 56 C for four hourn This constituted the stock antigen For 

- ^*^063 of tests calculated amounts of this stock susjwn ion were witlulrawn washetl 

^choof'*^°vTrY^^®»P of Bacteriolog> Armj Medical Department Research and Graduate 

^rm> Medical Center 
iwehed for publication March 31 1918. 

Lieutenant Medical Corps Army of the United Slates, 
sirafna 7 t .? ® strains of JI capsuUitum were reverted from the micellal phase 

university *L*0 respectively from the collection of Dr N P Conant at Duke 

(Duke of B dcnnatitidfs and X (Duke 930) and B strain of B braslUensta 

'erslK Isolates from human subjects reccRed from Dr Conant at Duke Uni 

Center ^ strain of C albicanr was Isolated from a patient at the Vrmy Medical 
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two times Mitli buffeied saline, and diluted for use The optimal antigeu ililutiomiaj tba 
determined by titration as that iniount which ga\e the highest titei witli homologous inluea 
and was not heniohtic or anticomplementarj Tlie stock intigen retains its titer for anml 
weeks when stored in the refiigeiator The portions lemoicd for the dub test were loatol 
it 56° C for thirty minutes to eliminate any possible inticomplementar) attmti 

Piepaiation of Sera — Young, healthj, albino rabbits weiglung 5 to 7 pound mt 
immunized with jeast phase antigpns of H capsulatum in the following manner Tlie organ 
isms grown on cystine agar slants for five dvjs at 37° C ‘ were washed off with Oo per cat 
formalized isotonic saline and stored oieinight at 3 to d° C The suspensions nere Ita 
washed three tunes with physiologic saline and resuspended in 0 1 per cent formalized ike 
to a tuibiditj equal to the No 3 MacPailand nephelonieter standard Eahhits were injiclol 
intiaienonsb for si\ successive days with the following amounts 0 1, 0 2, 05, 10, 

2 0 niillibters Booster injections of 2 ml were given one and two weeks after the kt 
injection and the rabbits were bled six days after the last booster llie same paxelutc 
was used for the production of sera against the antigens of the other organisms u eJ u 
this studj 

Crrmplement Fixation Test — The complement fixation test of Kent and Eeiii,'® derdopJ 
it the Army Medical School, was emplojed in these studies 

Diluent Por all dilutions 0 85 per cent silt solution buffered to pH 7 3 wathOOflAl 
phosphate was employed 

Sheep’s Red Blood Cells A suspension of 2 per cent waslied packed cells was prfr 
paied fioni blood collected aseptically into an equ il volume of modified Abever s solution. 

Hemolysin Hemolysin prepared by the immunization of rabbits was used m an optim 
dilution bejond which further decrease m dilution failed to dimimsh the quantity of ton 
plement required for fifty per cent hemolysis An equal volume of this optinialh 
hemolysin was poured into the cell suspension and mixed by ten successive pourings an 
least ten minutes at room temperature were allowed for sensitization ^ 

Complement Lyophihzed commercial guinea pig serum, 7 0 ml, was rehydrat 
5 0 ml of the accompanying preservative containing 2 per cent bone acid and 
sodium acetate A stock 1 20 dilution was prepared by adding 19 puts of “ah 
1 part of rehydiated serum The complement was titiated by the method of Kent, 
and Heinia for the determination of the 50 per cent unit of complement, and 3 ua 
employed in the test 


T VBLE I Complement Fixation Test i ob HiSTOPmvsJtosis 


Serum dilutions (ml ) 
Comiilement (ml ) (3 units) 
Antigen (ml ) 

Salt solution (ml ) 


WITH 

ANTIGEN 


SEBUM 

CONTBOL 


ANTIGEN 


02 

02 

02 

0 2 

02 

02 


Sensitized cells (ml ) 


Fixation overnight at 3 6 

04 04 04 

Incubation for thirty minutes at 37° C 



of reaction in tests aie read according to tlie A per cent cf ’kiui 

the greatest dilution of sert"" standards It 

t*’® serum It is recommended that „iPpIov ed to 

0 10 20 30 40 10 00 70 80 90 and 100 per cent hemol>sls be empi 
uetermining* the aforementioned grades of reaction 

I He 

IS inditded m 


yablc I 


Test The test was conducted with suitable controls is mu.i-"— m 

reagents were added m the order given and the tubes tliorougblv it kait >' 

then placed in the retngeratoi at 3 to 0° C overnight Sheep’s cells -en'-ij ^ ^ 

minutes previously were then added, the tubes were sliiken ami p 

bath for thirtv minutes The tubes were then centrifuged it 7,000 rev 


iwrt 
a 

C liv'd 
lUic- 



\L\J3r lIIVbL VNlIOENb IN C0MILE3IL\T FIXVTIOX TEbT Slo 

for five iinnutcs nnd the tests were rcid Ji^un t i difTu e sourtt of lit,ht m terms of per 
rent licnioljsi*’ using control mil iril tubes for comparmon The grenttst serum iblutions 
hotting 50 per cent or less of heniohsis repre ent the titer of the complement fixing nnti 
hodies 

RESULTS 

Experiment 1, Titration of Antigen — Each lot of 'intigeii "was titiated to 
(leteininie the optimal dilution The antigenic unit Mas consideied to be tlic 
greatest coiiceiitiation contained in 0 2 nil bejond which furthci mciea.se f iiled 
to enhance appi'eciabl} the sciuni icaction It Mas required that the optimal 
concentration be neither hemohtic nor anticomplementar^ It Mas found that 
the optimal dilution usualh laj betneen 1 20 and 1 50 of the stock solution 
ilepcnding on the eoncentiation of the lattei Table II demonstiates the detei 
niination of the optimal antigen dilution of the G 2 antigen The tubes con 
taimng the 1 40 dilution of antigen shoMcd no tiaces of aiiticomplerneiitan 
actmt} and likcMise reacted with the aiitiseium to give cleai cut fi\ation of 
complement The next dilution of antigen (1 53 3) leaeted e\en more fa\oiablj 
Tims an inteimediatc dilution of 1 50 Mas selected arbitrarilj as the optimal 
amount and Mas used in subsc(iuent studies 


Tuujl ir OeTERMIN VTlON OF THE OPTIMU. DILUTION 01 •VSTIGEM USINO Tilt G 2 feTUUN OF 
n 0\PSULATU1C ^ND SERUM PnFP\RED IN RVBDITS VCAINST G2 


1 

DILUTION OP \NT1GEN 
(0 2 ML,) 1 

POSITIVE SERUM DILUTIONS IN PER CENT . 

(0 2 ml) 

CONTPOLS (%) 

1 10 

1 20 

1 40 

1 80 

1 160 

1 ANTIGEN 1 

COMPIE 1 

MENT 1 CELT S 

1 10 

0 

0 

0 

10 

95 

97 

100 0 

1 13 3 

0 

0 

0 

25 

95 

97 


1 20 

0 

0 

0 

25 

05 

9( 


1 2o0 

0 

0 

0 

30 

95 

97 


1 40* 

0 

0 

0 

3o 

05 

100 


1 53 3* 

0 

0 

0 

20 

60 

100 


1 80 

0 

0 

0 

30 

00 

100 


Serum control 

100 

100 

100 

100 

100 




0 No hemolysis lOO complete liemolysis 

or dilution lies between 1 40 and 1 >3 3 ince tliere Is good fixation but no tiace 

"‘complementary activity For test** 1 oO was employed 


Experiment 2 — Three sets, of labbit aiitibera prepared against tliiet stiains 
of// enp'iulntum (G 2 G 5 G 6) wcie titiatcd against homologous and heteiol 
egoiis strains of tliese oigaiiisms as well as against ^east phase antigens of 
t"o shams of fj del matitidis and one oZ B iiasiliensu Fixation of eomple 
■neiit was obtained in rolatiaeh sinulai titers aiith all combinations of bisto 
plasma a east phase antigens and bistoplasma antiseia Foi example as noted 
Table III seia prepared against G 2 bistoplasma antigen fixed complement 
m the piesence of its specific antigen to a titer of 1 160 In the presence of the 
^ 2 antigen G 5 and G 6 antisei-a bound complement in dilutions of 1 SO Scia 
Picpaied against C aJhicans least phase Spmotnehum icliencl ii*" and Cnjp 
acoccits neofoimans* ga\o ne^atne complement fixation results in the presence 
“t the bistoplasma G 2 antigen, iihile B dennahhdis serum ILxed complement 
dilutions up to 1 10 

Isolated rroin patient nmterhl At the Vim> Medical Center 
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Table III Eeactions in the Complement Fixation Test Employieg Optijui DiLnii'\ 
OP the G 2 Strain of H Oapsulatum as Antigen and the Sera op Babbits iNocciiiu 
With the G 2, G 5, and G 6 Strains op H Capsulatum, the A 1 \nd K 5 Str.u\s or 
B Depmatitidis, B Brasiliensis, S Schenckh, C Neoform \ns 'Ed C Albicans, 
AND Normal Control Babbit Serum 


SERA I 

1 SERUM DILUTIONS (%) | 

i COMPOLS (%) 

1 10 

1 20 

1 40 

1 so 

1 160 

AXTIGEN 

COMPLE ' 
AIEVT ; 

cnxs 

G2 

0 

0 

0 

0 

20 

100 

100 

0 

G5 

0 

10 

40 

50 

95 

100 



G 6 

0 

0 

10 

40 

95 

100 



A1 

10 

100 

100 

100 

100 

100 



A 5 

10 

100 

100 

100 

100 

100 



B brasiliensis 

95 

100 

100 

100 

100 

100 



Sporotnehum 

100 

100 

100 

100 

100 

100 



Cryptococcus 

90 

100 

100 

100 

100 

100 



Candida 

100 

100 

100 

100 

100 

100 



Normal 

100 

100 

100 

100 

100 

100 




0 No hemolysis (complete fixation) 100 complete hemoljsis (no flMtion) 

The titer Nias taken as being the highest dilution of serum showing 50 percenter u 
of hemolysis 


'When the G-5 antigen was used (Table W), 6-2, G 5, and G6 autisora 
fixed complement in dilutions of 1 160, 1 SO, and 1 80 lespectivel) 
no fixation was noted with seia piepaied against the othei fungi studied 
the exception of B deimatitidis seium which fixed complement in low lyf 
Sunilai lesults weie obtamed using 6-6 antigen and homologous and lieteio 0 o 0 '>^ 
seia 


Table IV Eeactions in the Complement Fixation Test Employixg 
of the G 5 Strain op H Capsulatom as Antigen and the Same Sera use 


sera 


serum DILUTIONS (%) 


1 10 1 20 1 40 1 so 


G2 

0 

0 

0 

0 

G5 

20 

0 

10 

40 

G 6 

0 

0 

0 

15 

A 1 

10 

100 

100 

100 

A5 

10 

95 

100 

100 

B brasiliensis 

95 

100 

100 

100 

Sporotncliuui 

100 

100 

100 

100 

Cryptococcus 

90 

100 

100 

100 

Candida 

100 

100 

100 

100 

Normal 

100 

100 

100 

100 


20 

65 

70 

100 

100 

100 

100 

100 

100 

100 


100 

100 

100 

100 

ion 

100 

100 

100 

ion 

100 


ro NUROLS (^). 

COMPLE I 

M ENT 
100 


See footnotes to Table III 

1 \c bit'll 

Expeiunent 3 — Stiains of blastomyces and Instoplasma ,3 

to Cl OSS leact in the skin testing of animals infected Mith these aid 

as in eomiDlement fixation tests emplojang mjcelial phase ° 
blastomjein as antigens® In Expeiiment 2 it Avas noted ^ pjja^c nut’ 
antiseium in Ioav dilution fixed complement in the pieseuce of lelalw' 

gens of H capsulatum In oidei moie fulh’ to evaluate this po^ ],]astonm‘" 
ship, complement fixation tests A\eie done emplojing jeast pio'’ 
antigens m the pieseuce of hlastomices and Instoplasma antiseiO' 



\E.VST PH\SL V^TIGL^S IN COMPI^M^^T PLWIION ThSl 
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In onr hands the immunogrLinc cipxcit> of B dcnnutitidis in i ibbits lias 
been far infcnoi to that of JI capsulatum Despite lejicatcd boostei injections 
the highest titei of complement intibodns ^\as 1 40 AMien the V 5 anti 

gen of B dermatitidis was emploMd (Tible V) in contiast to the 1 40 titeis 
of the blastomjces antiseia the G2 C 5 and (i 6 histoplosma antisei i fixed 
complement at dilutions of 1 SO 1 SO and 1 20 lesjicttuch Vt fii’st glance it 
Mould appear that the lesults obtiimd using blastoimcLs antigen show eioss 
reactions too gieat to allow piopci c\aluition IIowc\ei when tlie turn's of the 
histoplasma autiseia against the blaslonneos antigen aic eialintcd in teinis 
of their specific titer (compaie Tables III and IV witli lable \ ) it will be seen 
that the nonspecific fuel's nit usu ill\ one foiiith to one lialf of tlie spctifie tUeis 
whereas the 1 40 titei obtained with blasionuets stium igainst Us specific inti 
gen aetuallj lepicsents maximum titoi Nc\eitbcless the spet^ficlt^ ot the 


T\ble V Cross Revctiovs rv tuc Comclemcnt I-iwtuw Trsr Emplomno tiif V j strviv 
OF B DERilATITIDia AS ANTIOBV AVP SCI \ 0> lt\m»lTS I\0 ITMTFI) WiTII TJII V 1 \ND \ 0 
BlCSTOWYCES \.STI<3ENS \ND the G 2 G5 \NP G I HlbTOnVSMV VSTICENS 


1 

SEra 

I srruiiniiuTioNs (^) 

1 COXTBOIS(^) 

1 10 

1 20 

1 -10 

1 80 

2 loo 

VNTIOEN 

irOMPlE j 

1 JIBVT 1 llMS 

A I 

0 

10 

2o 

100 

100 

100 

100 0 

\5 

0 

0 

10 

100 

100 

100 


Q2 

0 

0 

0 

30 

CO 

100 


G5 

0 

0 

0 

15 

Oo 

100 


GO 

0 

50 

SO 

100 

100 

100 



See footnotes to Table III 


complement fi'^ation test using histoplasma antigen in Expciimcnt 2 w is j,icatci 
than that in which blastoiiutcs antigen was used Tins tjpe of cioss reaction 
suggests tile presence of a common antigcmc component shaied b> // cap<inlatum 
andB demahUdis in which diluted histoplasma antiseium is capable of icact 
uig Math the lustoplasina aiitioCn cuiicd bj both oigmisms but in which blasto 
nnces antiseiuni will not icaet as icadih with liistoplasma antigen This maj 
he due to diffciencts in location of the common antigen in the iespecti\e anti 
genic patterns of IT capsulatum and B dcunatitidis and/oi a gicatei immuiu 
response ni expciimcnt illj inftUcd aminals to tlic foimei igciit as siiown 1)> 
the greatei immune lesponse ot labbils to liistoplasm i aiUioCn 

^^xpenment i — In the. coui'sc of this study a icpoit Sihni” appealed 
tlescnbmg the use of a ^elst phase of II capsulatum iii the Bengston 

complement fixation test’® No cioss icietions between IT capsulatum and B 
dcnnatiUdts weie noted, and details conceinnig titeis oi degiees of fixation 
iiere lacking Sinct? oui technique diftei*s in se\cial fundamental respects from 
these methods IT capsxilatiim and B dcj muiitidi:, antigens weie piepared ac 
cording to Sahin’s method and a eompaiison was nude of the two t>pes of 
complement fixation tests 

Table VI shows the lesults olitamtd wlien the complement fixation was 
^one Using SalvnVs melliod in Us cntncl> except that hcmohsis was i-ead in 
Pcf cent Using the G 2 histoplasma antir,ui and designating complete hemoI^ 
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TABIt VI BtNGSlON’S COMPBEMFNT FlX^riON TVbT UllLI/lNG THE G b HlSTOfUSMi 
Antigen Pplpvrfd According to Silvin's Mftho]) 


SEl A 


ShRUil DILUTIONS 

(%) 


CONTPOLS ( 

%) 

1 10 

1 20 

1 40 


1 idO 



CELLS 

G 2 

45 

Ml 

95 


9o 

100 

mmm 

0 

G 5 

90 

— 


95 

95 

100 



G 0 

00 

00 

95 

93 

05 

100 



A 1 

95 

03 

95 

100 


100 



A 5 

05 

05 

05 



100 




See footnotes to Table III 


bis as the end point, titeis ot 1 160 i\eic obtained with all tliiee stiaiiis of liisto 
plasma antisei urn, while the blastomyees aiitiseia agamst the A 1 aiid A 5 stiaim 
both jielded titeis ot 1 40 The degioes of hemohsis, liowefei, betiieeii two- 
iold dilutions did not \ai\ appieciabh This was paiticulaily tiiie mtli tte 
(r-5, G 6, A-1, and A-5 antiseia ■\\heie the hemolvtic lange was limited between 
90 and 100 pel cent Two factois piobably aie involved in tins type of reaction 
(1) excess of complement, two full units used in this test icpieseiit appioa 
mately 5 1 50 pei tent units as calculated by means of the Voii Krogb altcina 
tioii loiniula^“ taking a mean value of 0175 foi the constant 1/n, this repre 
sents almost double the amount ot complement used in oiii test (3 50 per cm 
units), (2) incomplete fixation at the shoit oiie-hoin incubation peno 


Table VII Comi \iuti\e Emers oi riiE iNcuuvnoN Peiuod on Com^ ,n,5 Too°Ci 
Set a iNCUBiTED AT 37° C loiw One IIoub, Set B iNContTED Oieunigiit 

G 0 Antigen Used in Both Sets 


SEBA 


SET A — FIXATION \T 37° C iOB ONE UOUl 


SEBUM DII uriONS (%) 


1 10 


1 20 


1 40 


1 80 


"G2 

G 5 

G 6 

A 1 

A 5 

0 

10 

30 

95 

95 

10 

30 

50 

95 

100 

30 

SO 

50 

95 

100 

GO 

90 

100 

100 

100 

100 

100 

100 

100 

100 


SFl 

B — nWTION OVlFNIGUr 

Tr”3 TO 

G 2 

G-5 

GO 

A 1 

A 5 

0 

20 

0 

100 

100 

0 

0 

0 

100 

100 

0 

10 

5 

100 

100 

15 

10 

GO 

100 

100 

50 

G5 

90 

100 

100 



See footnotes to Table III 


To evaluate fuithei the second factoi, that is the incubation^ G5, Gl) 
paiallel seiics, A and B, weie set up usmg the G 6 antigen an m 

A-1, and A-5 aiitiseia in the mannei used loutinely in oui tes 
Table VII, fixation of set A was earned out at 37° C for j]e,ir 

B was incubated overnight at 3 to 6° C Definitely stronger 
cut fixatron was ohtarned rn the set incubated in the lefngeiotoi 


DISCUSSION fdp 

The development and use of a stable specific j east phase u herd" 

sulatum in complement fixation studies using immune lO ^ 










\I \ST unsi i\TI(!INS I\ COAIPLPMINT I r\mON TrST SIT 

dcicnbcil Ribljitf, immum^ed with Mi!>t phase 11 capsulaluiii antigens de 
leloped complciiient fixing niitihodus in hi„h titei nattin„ witli homologous 
lud IietciolOoOns stinins ol liistojihisma No fixation oicniied when antiseia 
a^aiubt ( albtciins, C iicofoimain S schmd n, and IS bianhen'.ti iveie used 
Iloweiei aiitiseia ir,iinst IS denmitilidis hiMn„ a specific titci ot 1 40 fixed 
ooraplenieiit in the luesciicc ol histoplisnia antigens in low dilutions of seinni 
flTieii blastonii CCS antigens w Cl e used howcvci the noss reactions obseiied to 
exist onh in the sniillei dilutions between histoplisnia and blastoiinfcs anti 
sen were iiioio pioiioniiCLd In tact beeause of the weal ei iiiimnnizin„ caii iciti 
of the blistonnces antigen as eoinpaied with the histoplasma iiiti^cn com 
parable or ctcii liighei titers weie obsenod with tlie liistoplasma niitrsc la How 
eiei these titers of histoplasma iiitiseia against bhstomvces antigen wtu 
usualh onefonith to one half of the titei obtained when liistoplasma aiiti„cii 
was used Foi example histoplasma seia with a titei ot 1 160 fixed compli 
ment m the piescnce of the lilastomjtes aiili„en iiji to dilutions ol 1 40 \1 

though numerically this was cqunalent to the 1 40 titei of the specific lilasto 
iiijces antiseia, the lattei repiesented the inaximum specific titn obtainable 
under the conditions of oiu tost This suggests the piesencc of a eominoii cross 
leactnig antigen in both B dei mulittdts iiid II capsulatum which confiims tin 
obsenations made on the basis ot skin tests in infected animals In Plow ell' and 
m complement fixation tests by Tencnbei„ and Howell" and BnniieU and 
Fnrcolow” m which filtrates of the mycelial phase of liistoplasma and bias 
tomjees woie used as antigens Tin, lesults of tlio complement fixation tests 
tan be more aecuiately c'alnatcd by the joint use of piopeily piopared II cap 
palatum and B dormatiiidis antigens and sciial dilutions of the test sen 

The jeast phase antigen of II capsidatiim adapts itself leadily to use in 
the complement fixation test of Kent and Eein’” m winch excess of com 
plemeiit is ayoulecl, aclcciiiito fixation is allowed and the per cent hemolysis is 
utilized to obtain cleai cut, specific icsults AVe were unable to oonfiim 
Salims findings that no cioss exists lictwicn If capsulatum and B dcima 
Ididts m the yeast phase eithei by use of the Bengston complement fixn 
bon test” or bj that employed in this lahoiatoij Oui obseriations are 
iiioic in aecoid yvith others’ " " that immunologic cioss reactions between 
fhese two agents do exist This would imply that in complement fixation 
tests for cithei human liistoplasmosis oi blastomycosis liotli antigens should 
lie employ cd 

siraimyRi 

A method employing yeast phase antigens of II {.apsidatum in coin]ilenicnt 
fixation tests with immune lablnt seia is desciibed 

fihe Kent and Rein complement fixation test utilizing per cent Iiemolysis 
"iseleai cut and definite 

\ii imminiologic relntionslnp between II capsulatum ind IS dennahhdis 
"as demonstrated 

The potential yaliie of employing yeast pbise initvens in loinplement 
fixation tests foi the diagnosis of pist oi present infections with histoiilasmosis 
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as a possible adjunct to tlie pieseiit methods now available is open to 
in\ estigation 

The authois wish to acknowledge the advice gencrouslv offered bj Mr Jolm Kent of tie 
Depaitment ot Serology, Army Medical Pepirtmeut Eesearcli and Graduate School They 
are also indebted to iMiss Ilainet Boyd for the preparation ot complement and amboceptor, 
uid to Ml'-'- Svhi i Ciry for tochmeal issistance 


llLl'ERLNCn.S 

1 Palmer, C E Nontuberculoua Pulmonary C ilcification and Sensitivity to Histoplasmin, 

Pub lie ilth Rep 60 513, 1945 

2 Christie, A , and Peterson, J C Pulmonary Calcification in Negative Re ictors to Tuber 

culm, Am J Pub llealth 35 11 ’1, 1915 c i > 

3 Palmer, C E Geographic Diffeicnccs m Sensitivity to Ilistopfiasmm Among Student 

Nurses, Pub Health Rep 61 475, 391b 

4 High, E II , Zwcrling, II B , and Euicolow, M L Disseminated Pulmonary Calutotion, 

Pub Health Rep 62 20, 1947 ^ „ 

5 Sontag, L W , and Allen, J E Lung Calcific itioiis ind Histoplasmin Tuberculin sm 

Sensitivity, J Pednt 30 057, 1947 , u , i „ 

0 Bunnell, I L, and Furcolow, M L A Report on Ten Proved Cases of Ristopia mo i , 
Pub He dth Rep 63 299, 1948 , t u f y '03 

7 Ctimpbell, C C Ee\crting Ilistopl ism i l ipsul itujii to tlie Yeast Phase, J bac j 

S Salv m, S B Cultural Studies on the Yeastbke Pli isc of Histoplasma cap uhtum. 
Darling, J Bact 54 055, 1947 , , , uirlmj 

9 Conant, N E A Cultui il Study of the Life Cycle of Histoplasma capsulatum, rr i, 

190b, J Bact 41 563, 1941 

10 Kent, J F , lud Eciu, C E Serodiagnosis ot Amebiasis, Science 103 o > 0 

11 Bukantz, S C, Rein, C R, and Kent, J F Studies m Complement 

Preservation of Sheep’s Blood in Citrate Dextrose Mixtures t-"®. yu 31 

Solution) for Use in the Complement Fixition Reaction, J Lvb A 

394, 1946 aq OptiiMl 

12 Kent, J F An Abbreviated Speetrophotomctiic Technique ° 

Concentration of Amboceptor, J Lib (SI CLI^ Med 31 ^ L Spob 

13 Kent, J F , Bukantz, S C , and Rein, C R Studies m Complement ^ 

tiophotometnc Determination ot the 50 Pei Cent Hemolytic u , 

37, 1946 T.. 1 1 the Isolation ami 

14 Campbell, C'C Use of Friucis’ Glucose Cystine Blood Agar m tm- 

Cultiv ation of Sporotnehum sclienckii, J B ict 50 233, W'lj’ - ^ Bcactmto 

15 Howell, A Studies of Fungus Antigens I Quintititive .i, jjep 62 tdh 

Between Histoplasmin and Blastomv cm in Guinea PigS; too ’ 

m r TTistoula'^ino c ^ 

16 Tenenberg, D J , and Howell, A A Complement Fixation Test t or n igp 

Techiuc and Preliminary Results on Animal Sera, Pub nlealtii P gov. 

17 Salv in, S B Complement Fixation Studies in Exjicrimental Bis P 

Exper Biol A, Med 66 342, 1947 „=o»_-Tecluuque of 

18 Bengston, I A Complement Fixation in the Rickettsial Disea 

Test, Pub Health Rep 59 402, 1944 .... n,, 19 4o2, 

19 Von Kiogh, M Colloidal Clieinistry and Immunology, T Infect 



THE CONCENTRATION OX' THL LABILE rAOTOR OV THE 
PROTHROMBIN COMPLEX IN HUJLVN, DOC, .VND RABBIT 
BLOOD ITS SIONHTCANCE IN THE DETERSIINATION 
OP PROTHROMBIN AOTI\ IT\ 


ArmvndJ Quick, M D Ph D , \nd M\rio Stl^ v\i\i • M Sc MD 

JIlLW VUKK^ Wl*! 


T he piolluoinl)!!! time, A\Jiich ma> be defined as the toaj^ulatioii lime of 
plasma to \vJiicIi an excess ol tliiomboplastiu lias bmi idded is ocntialh 
accepted as a icliablt quantitatuc ineasiuc ot piothiombui actiMtj Until rc 
ceiitlv piothi-ombjii i\as coiisidcicd a unitai> substance and an) dmunution o± 
pi'othiombin actuit) ^as intcipictcd as a specific deciease ot tins clottin;;^ 
agent In 19'13 one ot us (A J Q ) found that tiie loss ol piothiombiu actl\lt^ 
in stoied plasma was not due to a diminution ol the classic piotluombin uhich 
IS adsorbable b) Al(OH )3 and which diminishes in dicumaiol poisomng but to 
that of V ne\\ lactoi not pie\iousl) lecogiiized* Tins substance i\as named 
component V of piotluombin but \\hen it nas 1 itei lound tiiat tlic udsorbalilc 
fmction of piothiombin contuinecl two components, the teims components V 
and B i\eie applied to those and the substance winch disajipeiis in stoud 
plasma was ledesignated the labile factor 

Soon aftei these studies weie published OwreiP indcpendenth diseoveied 
a similar clottnio agent wliicli he named factoi V He found that this factor 
'raa lacking m a patient with a seiious hemouhagic diathesis In retiospect 
It seems piobable that the patient of Rhoads and Titz Hugh * diagnosed as 
haMng idiopathic hjpopiothiombinemia, likewise suffered fiom a lack of the 
labile facloi Since duiiinutioii of tins agent causes marked impaiiment of co 
agulation and a concomitant bleeding condition it seems ob\ious tliat tlie labile 
faetoi is indispeiisible for coagulation oi moie specifically foi piothiombin 

activit) 

It becomes of gieat iiiactical nnpoitancc to know how tins new factoi af 
^^ects the piotluombin deteimination In this stud\ theicfoie an attempt Ins 
been made to obtain infonii'ition on that question So fai no means iia\e been 
fomid to altei tlie concentiation of tins agent in \no and clinical stud^ too is 
limited since Owien. s case is the onI> one Icnown at pieseiit in wIiicIi the factoi 
appeared diminished Stored plasma fiom which the labile factoi has been 
maikcdl^ leduced is the onir a\ailal)le means foi the assar of the substaiiet in 
vaiious types of plasma and for studying quantitatncly its effect on the pio 
thrombin time Since human blood contains a lelatnelj low concentiation 
th^ labile factor storage will bring about a prompt and stiiking depiction 
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and theiefoie aged oxalated lunnaii plasma was found satisfactoiy for the pies 
ent studies Stoiage of plasma m open test tubes at oidiiiarj retiigeiator tem 
pciatuies (4° C ) toi seven days usually" lesulted in an iiieicase ot the pro 
thiombin time liom a noimal of 12 seconds to 40 or iiioie No attempt was 
made to isolate the labile factor since it was not consideied essential for the oh- 
lective of the present study By treating the plasma to be assayed with tn 
calcium phosphate, both components A and B aie removed, thus leaving, as the 
onlv known plasma constituents playing a lole iii the process of clotting, fibrino- 
gen and the labile factor 


VI VTCRl VL AND METHODS 

The Concent) ation of the Labile Faetoi in Human, Dog, and EM 
Plasma — To assay blood for its content of labile factoi, it was coOeeted hi 
venipuncture and nine volumes immediateh, weie mixed with one volume ot 
0 lil sodium oxalate The plasma was tieated vvitli tiicalcium phosphate* as 
follows 1 cc of a 0 OOSjM suspension ot tiicalcium phosphate was transferred 
to a small test tulie and eentiiluged Tlie supeinataiit water was poured oft 
and the tube drained One cubic ccntimetei of plasma was then mixed wit 
the packed tiiealeium phosphate After ten minutes of incubation at room 
temperature the adsorbent was separated by centrifugation The plasma o 
tamed no longer clotted when mixed vv'ith thiomboplastm and calcium c i on e 
By this procedure components A and B are removed, but the concentiatiou o^ 
the labile factoi is only minimally affected, as deteimiiied by pi® 
,tudies , 

On adding this tieated plasma to stored human plasma, the 

time IS stiikinglv shortened By determining the amount of plasma t a as 


T\bie I The Effi ct ox the PnoTHnoiiBiN Timf Eesulting Froh the 

ISO Amoux'ts 01 THE Lvuile Tactor (Present in Fresh vm) Stored 


TO Stored Human Plasjia 


Volume of storeJ hu 





man plasm i 

100 

99 S 99 

98 90 

SO 70 

V'olunie of plasm i as 





sijed for labile 
factor ' 


0 2 1 

2 10 

20 30 


PROTHROMBIN 

Rabbit, fresli 

71 

20 15 

10 8% 

8 7 

Dog, fresh 

71 

20 

16 11 

SV. sv. 

Human, fresh 

71 


21 

15% 11 

Rabbit, stored 

71 


19 13 

11 10 

(17 dajs)t 

Dog, stored 

71 


99 

17% 17 

(17 days)! 
Human, stored 

71 


27 

27% 29 

(b dajs)t 





60 oO -10 30 


20 la 


tThe prothrombin times of tlie stoicU plasma, were rabbit plasma 
5C ana human plasma 26 seconds 



tricalcium phosphate suspension 158 Gm 1^' 

, , , , of distilled water Separately 66 6 Gra of ^hjdrous P““rf„,tatea 

dipoUed m 1 000 c c of distilled water The calcium chloride solution prcciP'W oiti 
trisodium phosphate with Uiorough stirring The pH is adjusted to i chloride ‘ 
calcium phosphate is washed repeatedly by decantation until the sodium ^tock » 

The \olume is brought to 1 L, thus making a 0 2M suspension rron 
solution is piepaied b> mixing 4 cc with 96 cc of distilled water 


soU ed*^ l^OOO^c^ ,Phosphate_ suspension 

dissohed in l 000 
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be added to a fixed amount of itoied plasma m older to leduce the piothiomhiii 
time to an arbitianl} selected \aluc, the iclati\e conceiitiation of the labile, 
factoi can be calculated The \ 11110 taken is stindaid was 20 seconds, the pio 
tiuombm time mIiicIi is obtained when ficsh oxalited human plasma treated 
uith tncalcium phosphite is added to stoicd oxalatcd human plasma in tin 
proportion of 1 to 10 It can be seui fiom Tabic I that onh one jiait of rabint 
plasma needs to be mixed Mith 500 paits of stoied plasma to leduce the pio 
tlnombin time to 20 seconds ivliile do{? plasma will bung about the same lediu 
tiou in a dilution of 1 to 100 These findings indicate tliat fiesh nbbit blood 
contains fiftj times and dog blood ten times as much Iilnlc factoi is luinnn 
blood 



0001 of f h fl*inio f ttl d w fS Ca|(PCO rho rnfent f / ond 8 fl) ki+ 

F sh olaf d Kmio p<a 

1 The Influence of varying concenlrallona of tlio labile factor on the prothrombin time 
of fresh normal human plasma 

^Yhen rabbit blood Atas stoied for se\cntcen da^s the labile factor dcci cased 
to Mich in extent that a dilution of 1 to 50 uas required to obtain a piothionibm 
time of 19 seconds Appareiith the labile fictoi dcei eased approximateh to 
one tenth of its original concentiation in sCAcntecn diAs of storage A similai 
decrease occuned in stoied dog plasma Due to the initial high contentiatiou in 
fabbit and dog plasma the effect of the loss of labile fittoi in stoia„e is nidi 
‘^oted In an incicase in piotluombm time is not so stnKm^ as in human plasma 

It Mill be ohsened tint as the Aolnnic of flush idasni i tieitcd with tncal 
phosphite added to stoied pi isiiia is mcieased the piotluombm time dt 
to 1 mmunal Aaliie that lemams const mt o\ci i lathei A\ide nnge 
vTuble I) Munro and llunio lepoited similii findings Tlio h]r,hcr tlie con 
^entratiou of the labile factor, the louei the imnimil const int Mine Thus 
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labbit plasma lecliices the piothiombm time of stoied oxalated human plasma 
to 7 seconds, xvlieieas human plasma loweis it onh to 12 seconds 

The E^ect of Bijfeient Conccnttahons of the Labile Factoi on the Pro 
thiomhin Time of F) esh Human Plasma — In 1945 one of us (A J Q ) obseived 
that the piothiombm time of fiesh human plasma diluted with piogiessueh 
ineieasing amounts ot labbit plasma tieated with aluminum hj droxide did not 
"ive a typical hypeibolic cuive such as is obtained by dilution with salme, but 
one in wliieli a minimal value A\as quickly attained and which lemamed im 
changed o\ei a wide lange of dilutions ® Piothiombm cuives obtained In using 
saline oi fiesh human oi labbit plasma tieated with tiiealcium phosphate as the 
diluent of fiesh oxalated human plasma aie shown ni Fig 1 It seems definite 
that tlie higli coneentiation of the labile factoi was lesponsible foi thesliapeoi 
the cuive obtained with labbit plasma, because when fiesh luuiiaii plasma 
tieated with tiiealeium phosphate w'as emplo 3 md as diluent, theiebj keeping 
the coneentiation of the labile iaetoi low and constant, the cune appioximated 
that obtained with saline It is not possible to explain tlie action of the bhik 
factoi 01 the shape of the cuives, but it is obvious that the factoi is a Lev sub- 
stance in the foimation of thiombm 


DISCUS&ION 

One of the most stiiking obseixations lecoided in this studj^ is the Ion 
coneentiation of the labile factoi in human blood It is ceitam that this ac 
counts in pait foi the lelatively long piothiombm time of human 
paied witli that oi maiij' of the common laboiatoij animals such as ^ 
and the dog But theie must be otlici lactois, as shown by the icsi ° 
simple expel iment of mixing oxalated human plasma with an equal ^ 
fiesh labbit plasma tieated with tncaleiimi phosphate to lemove 
and B but not the labile factoi noi fibiinogen In this mixtuie the 
of the labile factoi was inei eased about tweiitx-five fold, ■yet the pm 
tmie was deci eased onh'^ fiom 12 to 10 seconds If labbit plasma 
wnth an equal xmlume of fiesh human tiicalciuiii phosphate ^ 
which pioduces a mixtuie having about the same coneentiation o a 
a piothiombm time of 7 seconds is obtained Since the piotluoii^m 
not a luieai function of piothiombm actmtj’' but vaiy accoi uio 
known hj'peibolic cuive, and since these x allies of piothiombm „j,g 3 (er 
steep pait of the cuive, the difteience between 10 and 7 seconds is nu 
than xvoiild be shown bj’’ the simple aiithmetic ratio 

Studies on the coneentiation of the labile factoi m healthy su^ 
that it is leraarkably constant No means so fai has been deterBUDe<^ 

cifically and exclusivelj'- its coneentiation It still i^niains to 
xvhethei its lexml is alteied ui ceitam pathologic conditions u 
nized types of hjqiopiothiombinemia such as vitamm K gignific®^ 

poisomng, and heieditaiy deficiency of eithei component A oi 
change m the concentration of the labile factoi occiiis lu on 

of hj peiprothrombmemia have been lepoited hlany of these compk'^ 

thiombm time deteimmations of higiily diluted plasma, often i 
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Jisrcgard ot the fibraiOotu Loiicentiation, Mliich as Dtutseh and Geiaidc 
ha\c slioiMi, can definitel} influence the piothiombin time of highlj diluted 
plasma "Most of these cases can probablj be dismissed as insignificant but 
authenticated cases deseiie leiiu estimation to dLteimiiie what f ictoi of the pio 
tliiombm complex is lespousilile 

The disappeiiance of the labile f letoi in plasma when stoied is moie easih 
detected in human than in dog oi labbit plasma because its concenti itioii is 
lelalnelj low Oxidation appeal's to be lespousible foi the inactuatioii ol the 
labile factoi since plasma eoveied with a lajei of iiiineial oil does not show 
nearlj as lapid a decre ise of this agent Its lustabilitj appeals to be associated 
with deealcification Thus native hemophilic plasma shows a much slower de 
crease of the labile factor than oxalated oi decalcified hemophilic plasma ‘ 
Ileehanism of action and lelationship of this new factoi with the otliei clottiiim 
agents lequiie tuither investigation The complexitx of the pioblera is plaiiih 
shoivn bj the lesults in Table I 

In addition to the decrease of the labile factor it is oinious that iiiiothci 
change occurs in stoied plasma Thus wlicieas mLxing fresh human plasm i 
with an equal \olurae of ralibit plasma ticated with tncalcium phosphate le 
duces the protluombin time oiiij to 10 seconds the same mixtuie with stoied 
instead of fiesh human plasma will ha\c a piothiombin time of 7 seconds Some 
thing obiiousl} happens in stoied plasma which inci easts the actixatj of the 
labile factor ■Whethoi this is due to the libeiation of a specific substance on 
which the aotititj of the labile factoi depends lemaiiLs to be determined It 
IS mteiesting to speculate if this has any lelation to the Ac globulin of Seegeis 
and associates® cspeciallj since thej hate obtained esideiice that one foim the 
plasma Ac globulin, is converted to a nioie actne modification which they named 
serum Ac globulin It should be stated that the labile factoi is not Ac globu 
Ini, since agents such as tiicalciuin phospliatc utlsoib the lattei but not the 
labile factoi It is difficult to coiiclate the pieseiit observations with the in 
'cstigatioiis on Ac globulin, since in those studies the influence of the labile 
factoi IS ignoied and theiefoie not contiolled Its absence in the leaction mix 
tuie IS not luled out however since lung tliioinboplastin which w<is emplovcd 
wiaj contain an appreciable quantitj as a contaminant ” 

Accoiding to the most iccciit lejioits of AVaic and ScCoCi’s tliej still hold 
t'lc view that then puiified piothiombin is converted to tliromlnii solelv bv 
fliiombopl istin and calcium and that their Ac globulin acts merdv is an ac 
celeiatoi This view is not in haniionv with the eailier findings of Mertz 
“veegers and Smith'® and of Quick'-' ' that the coiiv ei-sioii of piotlirombiu to 
thiombm is a stoechiometiie leaetion It seems fairlv ceitain that in this re 
action the labile factor is indispensable Owien'® voices a similai opinion 
“111 1944 and 1945 I was able to sliovv that wuthout factoi V no thrombin is 
formed ” 

With the discoveiy of clotting factors other tlnii the classic four of the 
llorawntz and Puld and Spiio theorj , it becomes exceedingl} important to inquire 
“ow the accuracy and lelnbilitv of the piothiombin time dctcuiiination aic 
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affected Peihaps it is best at this time, wlien the wliole piobleni of coagulation 
seems to be ciiteiiiig into a new phase of dei elopment, foi the sake of smiihcih 
to view the pioeess as involving tno ma]oi gioups ot factois fiist, the factor 
that constitute the piothiombin comple\, second, tluoniboplastin and suhdaiicb 
1 elated to its activation It the piotluombin time as deteimined bi the one 
stage method is noinial, one can immediate^ conclude that the factois con 
stituting the piotluombin complcv aie noimal and that the defect is ui the 
thiomboplastm oi in its activation Known "conditions of the lattei class are 
hemophilia, accpuied hemophilia-like disease,” and hemophilia hke disease of 
swine'® Hj popiothioinbineniia becomes then a geneiic teim including con 
genital deficiencies of components A and B and the labile factoi as veil as the 
vaiious types ol aequiied conditions in which the piothionihm time is pro- 
longed 

Neithei the one-stage noi the two-stage method can be any longei con 
sideied specific foi the deteimination ot any one constituent of the prothrombin 
complex It IS eleai that the piotluombin time of the one stage method is a 
lesultant ot three distinct constituents. A, B, and the labile factor, and there 
Ilia} actualh be other agents not 'vet recognized The piothiombiii time is there 
tore essentiallv a ineasuie ot piotluombin activitj" The one stage test has the 
adiantage that it is peifoimed on iilasma in which pin sicochemical andchem 
ical changes have been kept at a iiiiiiinium Since it has been demoustiatedthat 
the piotluombin time of native (undecaleified) and oxalated plasma is esseii 
tially the same,° the only iiiajoi altciation of the blood in the one stage methoi , 
namely the i emo\ al ot calcium bj'- oxalate, does not cause any fuudamenta i^ 
till bailee The tin omboplastin employed, a saline extiaet of rabbit biam e 
ludiated with acetone, wdiile essentially a ciude piepaiatioii, has the a i® 
tage that it is almost entiieh tree of the labile factor and othei coustituents 
the piotluombin complex This is because labbit biam can be obtaine an 
completelv bloodless 

The deteimination of piotluombin actuity in terms of 
of the one-stage method is valuable because evidence is accumulating ® 
peiimentallj^ and clinically show'ing that it correlates with hemostatic 
ness Thus a piotluombin time of about 20 seconds has been found to a 
beginning of the bleeding tendency wdietliei the deficiency is due to ecu 
component B from dicumaiol poisoning'® oi from congenital lac ® 
ponent A It is becoming apparent that the one-stage method is a^^ 
and sensitive test that lequiies meticulous attention to details T le oii^^^^^ 
factory thiomboplastm is rabbit biain dehvdiated and piepaic 
originally outlined by one of us (A J Q ) Since changes oecui m P “ ^ 
mg storage wdiich affect the piothiombin time, the deteimination siou 
on plasma wutliin one oi twm hours aftei collection le 

The two-stage method of Waiiiei, Biinldious, and Smith 
quire lemvestigation to determine the impact of the new piothioni » 

The use of dehydrated lung extiaet as thiomboplastm needs cii . 
tioii since this product is likely to contain the labile factor as a cn 
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Likeuibe theie is daiigei tint lmii the fibimogen cmplotcd nn\ eontaiii the 
abile factoi as an impuiit3 This piobabh e\phims wlit the two stage method 
ailed to disclose loss of piotluombin actmtj lu stored plasma and led Loomis 
and Seegers^* into the etiors of attubuting the delajed piothiombiu time of 
stored plasma to an alteiation of fibrinogen and complete!} oreilookim the 
tnie cause, namel} the loss of the labile factor 


SUMMARY 

The labile factor of the piothiombm comple\ is not adsorbed hr tnoal 
cium phosphate and similar adsorbents It disappears from stoied o\ahted 
plasma due to destiuetioii b> oxidation and this aecomits for the decrease of 
prothrombin activity in stored plasma 

A simple method for assajing the hbile tar tor in plasma ms tier eloped 
he plasma to he assured is treated with tncalenim phosphate and then the 
amount is detemiiiied which must be added to a fixed quantit} of stoied human 
plasma to reduce the prothrombin time to an aibitianlj selected value B\ 
procediue it uas found that nbbit plisma contains fifty times and do^ 
plasma ten times as mueli labile factor as liuman plasma 

prothrombin time is leduced to a maikedl\ shoitei value ^\heii the 
<1110 actor IS added to stoied plasma than i\hen added to fresh plasma thus 
>uggestiii^ that something is elaborated m stoied plasma uhicli incieases the 
letivity of the labile factor 

The mfluence of the labile factoi on the aceuiae> of the inothrorabm ac 
J eterminations and its variations in phvsiologic and pathologic conditions 
re discussed 
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BLOOD iVND BOND AIVBBOW CONCCNl'RATION 01 ATABRINE 
ITS ROLE IN APLASTIC ANLMIA 

C \PT vr^ Leo G P \BiiEU* 
jMedicvl Corps Vrmv oi the United States 

T he \aluo of Atabiiue m the suppicssioii ind titntiutnt of nidlanu dunn„ 
the I’eeent \\ai cannot be o\(.iestimated Despite the nmnbti of tioops 
to i\Jioni the diUti; \\as ie^ilul\ ndmimsteicd \ti\ few si^^ns of toMCitj ap 
jieaied Most promnunt Avcit tlu cases of \t ihnnt deimatitib comple\ The 
most se\eic reactions caused 1)\ Atabiine thei ip\ ueie in tiit rises ot ajil istic 
anemia lepoited bj Custci ^ He dtsoibed fitl^ st\tn titil cases in tiooi>s 
fiom the Asiatic Pacific Theatei This was tin til's! coinpu hensiie stiuh indi 
catm^ that Atabime affected the hemilopoietic si stem Pniioush shannon 
and oo-worLexs^ showed tliat the Vtabime coneeutiation in leucocjtcs was much 
higher than m plasma oi eijtluoc\tts It mi^ht be inleiied tiom this obsen i 
tiou that since Atabiine is concentrated in the leucoc}tes it might act as a to\ie 
agent on these cells and peihaps aid in tlie patliogenesis of ajilostic anemn 
Aplastic anemia piimaiil} invohcs the bone maiiow and it theiefoic was ol 
interest to determine tlie coneentntioii and the npiditi of elimination of 
Atabrme fiom the hematopoietic oi^ans In aplastic anemia the nneloid leuco 
cjtes are much nioi'c scvcieh affecteel than iie the lymplioeitic leucocites and 
information was needed as to whethei Atabniie entcied botli these cells in com 
parable concentrations 

This lepoit presents the lesults of a systematic study of the Atabrme con 
ceiitratiou in bone inaiiow and in \aiious blood elements of the labbit and 
dneken and the late of cNCietion These icsiilts aie coiiehted with some ob 
Spcnations in man 


EXPERIMENT \L 

Jiahhit Lxpoiments — The concentiation of Atabrme in the bone maiiow 
and blood of rabbits was deteimmed at \aiious iiiteiials aftei a single injection 
of the diug Rib maiiow le\cls were taken as lepresentatue of those in flat 
bones, and femoral mariow was analyzed for levels in long bones Liver, spleen 
flnmus and mesenteric lymph nodes weio analyzed for compaiisou of visceial 
lc\els With maxrow levels 

Method Each of twenty one albino xabbits weighing about 2 5 kilogiains 
mjected with a siiiolc iiitiamuhculai dose of 8 mg pei kilogi nu of Atabniie 
‘Idiydxoehloude The animals wcie then saciifiecd at mteivals of from foui 
I'ours to twenty si\ days Thice animals weic studied in each group and the 
^siJts were a\cxaged The blood was collected in potassium oxalate and centii 

tliL Plmrniacolot-I S.ctl n \rim Vellctl Duaitrunt U uHi in I Trailualo 
''-nuol Washlnhton DC , „ i i 
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fugcd to sepdiate the i^lasma and led cells fiom the buftv coat containing th 
^\hltc cells All specimens ot tissue and blood weie analyzed m duplicate using 
Mdseii’s photofluoionietiie method^ 

Rei>uU‘i Table I shows the concentiation of Atabiine m the tissues studied 
Aftei foul houis the spleen contained 40 6 mg pei kilogiam as compared ivitli 
7 7 mg pel kilogiam in the Inei The bone inaiiow Atabime varied between 
3 1 and 5 rag pei kilogiam, indicating that theie was only a slight differeuce, 
it am , between the Atabime level in flat bone maiiow and in long hone marrow 
The concentiation ot the diiig m leiicocv tes was iniicli gieatei than that found in 
eithei plasma oi ei v tin ocy tes 


lUJIl I VTVBRINt CONCESTICmON- (Mo /Kc ) 1\ TISSUES OP E WBITS ImP A\ LnIU 
MLSCUiAi Injection oi 8 Mg /ICg oi ATuniisr Diiiidpoculokide 
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0 

I ivcr 

7 78 
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0 40 

0 05 

0 11 

0 0 

Spleen 

40 02 

1 90 

0 44 

Oil 

0 14 


Foil! dais attei the achninistiation oi Atabime the ^ ' pjjjtek 

gieatest concentiation ot diug, but this level had dropped more du 

than had any of the others Despite a significant level m the 
peiipheial eiythioey tes, leucocytes, and plasma were de- 

Atabiine Dining the second week attei inyection the ^ I*' 1 day 
Cl eased lapidlv The thymus contained no Atabime on the ® injection 

as the lynnpli nodes eontained the ding as late as twenty si\ ays a die 

Chicken Expeiivients — Chickens aie frequently iitdize ^ 
effects of antinialaiial dings, and theiefoie elem®*® 

deteimme the concentiation of Atabime m the maiiow and 
tins animal Livei and spleen again weie analyzed foi Atubr®*^ 

chicken eiythiocyTes aie nucleated, the compaiative concentia lo 
m the leucocytes and eiythiocyTes was of inteiest ^ ^yere® 

Method Eight Leghorn hens weighing about 1 i of Atabr®'-’ 

jected with single mtiamiiseulai doses of 8 mg pei ^ ^jj^foiipsek" 
dihydiochloiide They weie saciificed at mteivals of foni tiss'®^ 

and ten day^s Two buds v\eie examined at each peiio 
tieated as deseiibed m the labbit expciiments pntiah®"'’ 

Results In geueial, at tom boms the Atabime ''^'^^j^gspoiidii'S 
chicken tissues weie similai to those found m lahhits at a ^jmous blo^ 
aftei injection The same lelationship also existed as higher’’'®* 

components, m that the eiy^thioeyte concentiation of ” (Tabid’) 
that of the plasma but much lowei than that of the leucocy es 
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Id the case of the chickens liowt\er the concentration of Atabruie lu the 
niairow was reduced to zero the first four da>s A\heieas this result i\as 

obtained only aftei thirteen da 3 s in the labhits lecening a compaiable dose oi 
the drug Another species difteiencc is found in the splenic concentrations of 
Atabnne at four hours In the rabbit the level m the spleen uas much higher 
than that of the luer nhcreas m tlie chicken the loiei’se ivas found 

Ohsenations on Human Bcxn{/s -^The purpose of these evpeiiments uas to 
compaic the leiels ot Atabnne in the bone marrow with those found in the 
peripheral blood utilizing patients with cither m 3 cloc\tic or IjmphocNtic 
leucemia it was also determined whethei Atabnne was found in similai con 
ceiitiations in both l^mphoc^ tic and ni^elocvtie leucoevtes 

Method Two male subjects one normal and tlie other with a iccuirence 
of sjmptoms from infection witli \ivi\ malaria, reccncd Atabnne mouth 
Twenty four hours after completion of a couisc of 2 4 Gm of Atabnne samples 
of periplicial blood and aspirated bone mariow weic obtained The bone marrow 
m these instances was markedly diluted with pcnpheial Wood as compaied with 
Ihe bone marrow removed from rabbits aftci autopsj Tluee additional sub 
Jects two with m^elootic leucemia and one with lymphocjtic leucemia weie 
Snen Atabrine orallj for varying penods of time The bone mariow and 
peripheral blood of three patients and the penplieral blood of the other two were 
studied 


Tvble m BrooD and Bone Marrow Concentration After Or\l AoMivisTfi^mov or 
Atabrine Diiiydrochloride to Five Pvtients 


UTIEST 

1 

CONDITION 

leucoottes 

PER AIM 3 

atabrine LEVEIi (pO X LITER) 

lERyTIIBO I LEUCO j BONE 
PLASMA I CYTtS I OYTES I MARROW 

1 

•ftlalaria 

7 000 

42 

- 

- 

836 

3 

Normal 

5 500 

77 

55 

- 

1200 

3 

Chronic rayclocjtic leucemia 

75 000 

104 

200 

1285 

2381 

4 

Cliromc myelocytic leucemia , 

75 000 

250 

392 

1589 

- 



Clironic Ijmphocjtie leucemia 

90 000 

53 

57 

18G4 

“ 


Uosea ^a^Ied so tliat absolute le\els between pitlenta are not comparable 


Results As in the rabbit expeinncuts it was found that the bone maiiow 
M a highei concentration of Atabrine than either the plasma or erythrocytes 
(Tatile III) The marrow concentiation was as mueli as twentj times that of 
"‘e plasma despite the fact that the marrow was mi\cd with penplieral blood 
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The patients with leuceinia, whose leucocytes weie mainly mjelocjticoilymplio 
cytic cells, showed high concentiatioiis ot Atabiiiie m then white cells It to 
tliiis deteiniined that lymphocytes also had a high coiicentiatioii of Atahime 
similai to that iound in inyelot ytic cells 


DISCUSSION 


Theie have been but lew lepoits dealuig with Atabime in the \auoni 
blood elements and in bone maiiow hlistologieally, Maitm and comoiW 
noted deposition oi the ding in vaiioiis tissues although the blood and bone 
mallow w'eie not specificallv mentioned Siegel and Miishett'’ lepoited that 
attei laige doses ot Atabiine the bone inaiiow' ot lats showed an iiici ease m tie 
numbei ot segmented and nonsegniented neutiophils Keticulo endothelial cells 
containing vacuoles and basophilic inclusions occtisionally weie tonnd Sigm 
leant levels in the bone maiiow of chickens have been noted foi at least two 
da^s attei a single intiavenous injeetioii ot Atabiine® Kathei high lei els nen 
lepoited 111 labbit maiiow' si\ daj's attei a laige oial dose The piesentsu ^ 
confiims the species diiicience in that Atabiine icmams in the honeinanoffo 
labbits longei than it does in the niaiiow' ot chickens This species (h 
nientioned because ot the ficquent use of chickens in the study of niaaiia 


its tieatnient 

Tins investigation levealed that although Atabiine was ^ ^ f 
of labbits in high coucentiations, the late ot disappeaiance of le 
the maiiow wms not niaikcdly difteieut tioni that loiuid in othei issu 
eleven days attei a single dose of Atabiine the bone 
tissues showed only veiy small amounts of the diug pieseiit 
leached 7eio, indicating that maiiow does not letaiii Atabinie toi ot g 
of time Two w eeks af tei completion of the Atabi me foi the 

leiicemic patients the bone maiiow w'as fiee of tlie diug i o 
detection of Atabiine degiadation pioducts weie undertaken atabime 

The Biitish Ainiy Malaiia Kescaich Unit® showed that w jose as 

given to patients wath myelocytic leucemia the wdiole blood concen . 
the white cell count lose The pieseiit study, utilizing leiiceiinc^ 
analyzing the leiicocj tes diiectly, leveals that the lymphocy es a 


myelocytic cells coneentiate Atabiine in laige amounts concentrak 

The question aiose as to wdiethei the ability of fact that !bc 

Atabiine and the inability of eiythiocytes to do so was due o ^ ^ 

leucocytes contain nuclei It is lecoginzed that theie pro a } 
mental diffeience between the nuclei of the led and wdiite ce s, 
the chicken, in wdiich the peiipheial eivthiocytes aie iiue ea qie \ihit<^ 

that these cells did not have as high a concen tiation of Ata m otbf'' 

cells Fiom this it seems likely that in the chicken, an qiiautitks 

animals, none of the cells ot the eiythioeytic senes take bone 

Atabiine and that theiefoie the high concentiation of the ^ gells 

IS chiefly due to the piesence of the diug in the myelocytic sinnk* 

Although histologically the lymph node and thymus tlie *’ 

the concentiation of Atabiine in both tissues was founc to le 
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TVBliE IV L.\L1 Ot CORUKf \.TIOV BfTWEEN VTVBRINL CONCEVTUVTIOV IN BLOOD CeLI^ AND 
IN TibSUW AND TJiL FVTE Ot TUESL IV API«\STIC AnEMIA 
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fourholus the subsiquciit finding uas maikcdlj diftcieut Wheitabiio \t‘ibiint 
vas detected iii the thjmus at the end of eleven dajs the Ijinpli nodes ictained 
the drUo for mozc th in tveutj si\ d^^s 

•In attempt has been made to toiiclate the pieseiit findings in animils uid 
nnn It ls behe\ed that the lesults obtained pio\e tliat the alleged lelationslup 
betiveen Atabimc and apl istic anemia is not a diiect out It is not due to the 
fact tint tin drUj, entcis the blood cells in hioh coniditi itnms and b\ uini-. 
localh dostlo^s tliem Although Atabimc coiBcntiates in liotli hinjihoiMu iiid 
mjelocitie leucoe\tes, onl^ the lattci aie affeited in the diseisc Althouj;,h tlie 
duig does not entei the ltd cell soiies in lai^c amounts these lolls aie st\eioh 
alfeeted (Table IV) Thcie appeals to be no coiielation bet^vecn concintntion 
of the diug in %aiious blood colls and those cells afrected in aphstic uienna Be 
cause of these findings and the fvvithci faet that of the nulUoiis ot people who 
took Atabimc onlj a few de\elo])cd aplastic anemia it ma\ be picsnmed that 
the role of Atabuiie in tlic pathogenesis ot aplastic anemia falls into the idio 
smeratic gioup of responses 


SUMM \R\ 


Aftei a sniole dose of Atabimc injected mlo i ibbits tlie concentration in 
the bone maiiow was much highei than that in tlie plisnu oi oothioe-ytes 
Moie time was lequued toi complete c\cietion of the clnio iiom the lione maiiow 
than fiom the peiipheial blood 

L>inphoc>tic and mjelocjtic leucooNtes both contained Atabimc in icia 
tuelj hi^h coucentiations Tiieir abilitj to conccnti ile the ding is not due to 
the presence ot a nucleus since the nucleated ciythrocjtes of tlie cluckcn do not 
develop as high a concentiation of Atabimc as do the leucocytes 

Aspirated human sternal mariow, although gieatlj mixed with blood 
Sihowed a concentiation of Atabime twciitj times ns gieat as did the plasma 
The mesenteric lymph nodes of the labbit letamed considerable amounts of 
Atabnne long after the Ii\er and spleen weie fice of the diug 

There appeals to be no coiielation between the height of concentiation of 
Atabune in the vanous blood cells inyol\ed m iplastic anemia and the damage 
e\idcut m those same cells when aplastic anemia de\elops The alleged lole of 
Vtabriiie in the causation of this disease would appeal to be in the natine of an 
idiosjTicrasj 
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Tlin T PPLCT or TIIL LIG VTION OF THE PANCREATIC DUCTS 
AND OP P^VNCREATECTOan AFTER DUCT 
LIGATION ON SEUUAI LIPASE 


JI Notum it D , T DrvNit PiUTT, M D \nd Josri n BtNOTii ^^1 S 
Bo'^ion ]\Ivss 

T HLRL is acKcnicnt that lit,ition ot tlic panoic\tic cliuts m dor^s 

leads to ail immediate meicibc ot the nnnlisc in the blood Tins innt\ ol 
opinion, hoivcici, dots not c\ist iCe^aiclini? the cileet of tMii^ of the duets on 
the blood lipase Chern and CiandaU* h no louiid an oliee oil sphltmg enzjmc 
m relatuUi laige imouuth ni tlic blood ot dogs ittei lioition ot the jnntieitie 
ducts The icsults hi\e been eonfiimcd m two dogs hi DozzP and in eats b\ 
Roe and Goldstein’’ ind Goldstein and eowoikeis’ But Poppei and Soitei'* 
did not obseive aii luciease of blood lipase attei the opci ition Reidnng to 
the e\peuments of these iniestioatois Baum ui lieheies thit clca ition ol blood 
hpasc nftei tjmg the pancioatic ducts his not act been elefmitch pio\cd 
Thiough the woik of Comfoit and Ostcibcir.® and Johnson and Boekus 
the expemneiits of Cliciij and Cmidall haic become tlie basis foi the clinical 
use of the seiuni hpasc lest in the diagnosis of pancicatic disease Howe\ei it 
Popper and Soitei s lesuUs arc collect the seium hpasc test is dcpincd of its 
essential expeumental confiimation 

Since we ha\c been inteiested in the eialnation of this test and its c\peii 
uieiital foundations foi jeai's we wcic coiifiontcd with tlie following questions 
Does the seium Iipaso rise sigiuficaiitl;) after hgatin„ the pancieatic ducts 
in dogs or not? 

If the serum lipase does use aftci ligation of the pancioatic ducts ui dogs 
do these increased amounts of seium lipase oiiginatc in the pancreas? 

Is the pancreas its onlj souicc? 

What IS the piobable mechanisin foi the incicase? 

Wc began oiu investigations witli the detciniination of the seioim Jipisc 
before and after ligation of all pancreatic ducts on a large scale in oidei cithei 
to confirm Cherrv and Ci andall s results or to disprov e tliem 

Our findings are based on observations on dogs clucflj female Vmmals 
^'^eighing from 6 to 11 kilogiams vveie used Those vvei„lung about 20 pounds 
preferable since lemoval of 15 to 20 cc of blood was nccessaij foi tin 
chenneal deteimmations and on some dogs main of these had to be made Blood 
\\as withdrawn fium the licait bj puncliiic oi fiom the jugulai vem 

DOoS WLic ftd outc 01 twice a daj on i mi\Uuc ot a piep iicd (oommeicial) 
dog meal cvapoiattd milK and canned tomatoes with occasional supplements 
Qf pTou nd meat when it was available 

tho MeOlcul Clinic of the Do Ion Dlspcn ar> Joseph H Priitt Diagnostic Hospital 
Tufts College VIcdloal School 
Uecol\c(J for publication Vug 1 1947 
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Anesthesia was induced with \eteiinaiy Nembutal® bv the combined 
intiavenous and intiapeiitoneal loutcs The optimum method m om liaiidsivas 
to sive initiallv an intiavenous inieetion of about 02 cc pei kilogiam of liod\ 
wcif^ht, attei the pciitoneal ca\itv was opened, the anesthetic solution iv as m 
]eeted into it as needed 

Simple ligation and division of the paneicatic ducts, total paneieatectonu 
paitial panel eatectoiny, and duct ligation lolloued hj total paiieieatectomi 
attei an inteival ot seveial dajs, inne been peiioimed in the com se of our 
studies In the simple ligation and dnision ot the ducts the panel ealie lobule^ 
weie sepal ated tiom both the duodenum and the pancieaticodiiodenal blood 
\essels b\ sliaip dissection oi tlie delicate connectne tissue adlieient to the pan 
eicas and bv a gentle peeling action ot the baie oi gauze coveied fiiigei The 
ducts weie difficult to isolate, but with meticulous caie lev veie missed \1 
most ah\aAs one huge duct was taiilj to idcntifj and ligate The other 
ducts usualh one, sometimes two, and laielv thiee, weie, w'lth exceptions, pm 
imal to the mam duct These ducts weic invaiiabh difficult to locate as thn 
weie alwajs shoit and oi fine calibei In oidei to diminish chances ot the pan 
cieatic juice getting into the intestine and to tacilitate healing, the omentum 
in 12 dogs was seemed to the law suitace oi the pancieas oi inteiposedbetmen 
the sepaiated pancieas and duodenum WJien ligation and division of the ducts 
had been done piexioush, total panel eatectoiny pioved to be luoie difficiit, 
due to the intense inflammatoiv leactioii in the legion of the duodeiniiii and pan 
cieas, than total lemoxal ot the intact noimal pancieas 


LIPASr JIPTHOD 

Tins nietliocl foi Iipise dcteimiintioii utilizes three Wants for e\er) ileti.rmiu''tio 
represents the seium bliiiK, B the olno oil blink, ind Rj the buffer blink 


tsst 

^ Q.l pyiulilion 

2 c c H O 2 i i. Oil enuiUiou 3 c o H 0 ^ Palbiuni acetal* 

0 CO C ilcium icet ite j cc C iloium acetate 5 co Calciuiu icotitc o cc _ 

5 cc Buffei 5 cc BulFei Sec Buffer ^ cornm 

1 cc &oium 1 cc HO ^ 

Incubate the four flasks it 37° foi tnciitj foui hours At the end of incubit ptc 

of alcohol ether m ictivating ini\tuie to each flask After baling idded p and 

iiolphthalem, titrate with N/20 NaOH to a definite pink Calculation Ad i 
subtract Bj Finallj, subtract this lesult fiom the test 


Exaiiiplo 


B, 

1 2 

c c 

B. 

12 

B, 

0 85 

c c 

B, 

+0 85 

B. 

0 35 

C C- 


2 05 

Tect 

2 13 

c c 

B, 

- 3o 

1 70 


Test 2 15 

"iil 

0 45 1 1 


Mea(/enU — n 100 i c 

Olive Oil Emulsion Gum acacia, 12 3 Giu , olne oil, 50 cc , H , ^ tti« 

gum acacia and 50 c c of H O into a Waring blender and thoroughly “ ^ ^ g q and 
olive oil slowly and allow to mix to a puie white emulsion Then a i o 
mix to i umfoim consistency Store in the icebox 


•Abbott I^aboratories North Chicago lU 
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Calciinn Acetate C i(CjHjOj)j HjO Cilcium acetati 20 C m liter of H 0 

liarbtturate Buffer '^oiljum dietlijlbnrbmintt 5 Gin pir liter of HO 

Alcohol Ether Inacftiatvit/ Mixture Vli oliol 9.> per ( ent 000 r ( etiicr, lOOtc 

The icsults of oiu expcimiuits coiiceiiiing the eftcct oi paucieatic duet 
ligation on semm lip ise ue sihowu m Table I and Pi*, 1 

Tins eiizjTiie t\as detciixiined IwcnU eight tunes m tuentv dogs befoic the 
operation Tlie a\ci i^e amount of soimn lipase found m these twenty dogs was 
06 unit the lonest \ iluc \\as 02 the highest \ahies ueie 13 md 16 in one 
dOp and 10 1 and 1 2 m thice othci dOr.s m all tlie othoi miinah it nas not 
higlier til in 0 S All anininls except Dog 20 sho\\cd i imrl od incieasc of the 


TvurBi Tub LfJFcr 01 Licat o\ mh P\stiL.\TK 


1^1 1 1 1 
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UEIORLDUCT 

SUiLMinvSfc UTIR m CT LIOVTIOS (HW) 
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sonuu Iipasi. aftei the hgation of the pancreatic ducts TJiis use begins nithiii 
twent) four hours aftci the ppeiatxou AVe detci mined tJie seium lipase m 
SIX dogs the fizst day foUouing the ligation and we found values botueen 3 6 
and 7 3 The average amount of serum lipase ui these si\ dogs was 0-4 the 
average amount tvventj foiu liouis after the ligation was 6 1 in othoi uoids on 
the aveiage the values iiKitised ihiitecn times ovoi tlio initial v dues On the 
Second da) iftti tlic opeiatioii the tiguics foi stiiini lipaso vvcic still iisiiir, the 
■iverage being 7 0 Aftm &i\ oi seven davs the enzyme seemed to diop m some 
m olheix it nipeaitd to nse md m two dogs the highest values were 
mnnd ten and twenty two davs aftei the ligation Onl> Dog 20 showed an in 
'Significant mcicast of scium lip iso fiom 0 7 to 14 on the thud dav iftci tin 
opeiatioii It IS possible, how o\ Cl that fioiii the foiuth to the seventh dav when 
detcrmiintions of scium Up use vveic not peifoimed the values nii^Iit h ive laen 
higher 
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These e\peiinienls piovc dehmtelj that aitei ligation of the paucieatic 
duets theie is almost iiivaiiably a. lapid use of the seiiim lipase and that thb 
use IS of leldtivcly long duiation TToive\ei, the lesults do not justify the 
comlusion that the en/yinc lespoiisible foi this use oiiginates in the pancreatit, 
tissue Othei possibilities aic to be coiisideied The pancicas may legulatc 


lipase: 
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PANCR.EAPC DUCT LiGATION 
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I 1 I 


DAYS POST- OP 


Fig 1 


nf the eiwywc Mhiil+ 

the lipase level in the blood by e\ci etion of any excess o the 

pioduced m some ditfeient oigaii, and ligation ot the duets i' jf 
elevation of the seium lipase mciely by removing this total 

the seium lipase is of pancieatic oiigm, it should ^jces 

cieatectomy If, howevei, seium lipase is deiived fioin lenioval o£ 1^''^ 

pancieas and the pancreas is only tlie legiilatmg iactoi, to the set'® 

gland will have the same effect as ligation of the ducts, an e e\a 
lipase question 

There were two valid methods whereby we could dcci e ^ jucreas 
could detennine the level of serum lipase after removal o 
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niU dogs 01 wc coiiM i)ioduce iupeilipisemu b> li„ating the ducts and then 
some da^s htci icmoving the gland Dozzi appioiching tlie same problem 
chose the first method Utilizing a niodificntioii of Chcin Cniidall s technique 
he dcteimiiied the serum lipase befoic and attci p incicatectonij m a single 
dOo The \ilues befoie the operation langcd fiom 0 1 to 1 15 On the first 
daj aftci ienio\al of the panel eas the scnim lipase uas 105 on the second 
da} it A\as 1 7 and on the fifth shoith bcfoie the dog died it uas 0 6 The e\ 
peiiments of Boe and Goldstein and of Goldstein Jacobson Telfoid and Roe 
pel formed on cats aie not eonchisne eithei and hence one cannot base a ic 
liable opinion upon them 


Table II The Effect of 1 \\cre\tectom\ on Sjbim in vsf 


1 

BOG 1 

SEFLif III \SEBE10RE 

1 iVCilErlTECTGMi 


SbUl M LIl Vtsb 

\i-lEK 1 
(I)V\S) 

\N( 1 L\TLCTOM\ 

1 

1 2 1 

3 

i i 1 u 

( 

1 0 

0 78 

()2o 

04 

04 

07 

00 0 7 

06 

01 

03 

0 1 

‘^8 

05 03 

06 

0 4 


0, 


Total panel eatectonn alone was done in thiee dogs (Table ID while in fi\e 
dogs total pancieateotomj was caiiicd out fi\e to nine da^s following duet liga 
lion (Table III and Fig 2 ) As can be seen fioin Table II the dogs on whieb 
paneieateetomj was peitoimed without previous duct libation showed a steadv 
decrease of serum lipase until death occurred five oi sl\ dajs aftei the opeiation 
Aftei tving all the pancreatic duets in two dogs the corpus pancreatis was re 
Moved, leaving the piocessus licualis and piocessus uncinatus in situ Thus from 
one half to two thirds of the total pancreatic tissue was extiipafed The pan 
creatic tissue that remained, although able to picvent diabetes was not sufficient 


Table III Effect op 

Ligation of the Pavcilcatic Dicts Foliowed bii Total Pancke 

ATECTOMY ON &EKUII Lir\SE 

1 

DOG 13 

1 BOO 14 

1 BOO lb 1 

BOO 16 

) BOO 18 

Ltnase before first operation 


1 0 

0 55 

1 0 

0 Go 

1 15 

Days after hgation 

Lipase after ItqaUon of pancreatic duct\ 


2 

50 




10 9 
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44 
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2 7o 
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2 25 
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Pancreatectomy day after hqation 
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atectomy 

Lipase after pancreatectomy 
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0 7 
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Death after pancreatectomy (day) 
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41 
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to cause an elevation of the seiuni lipase The eftect of the lemoval of the pan 
cieas on the level of seiuin lipase Avheie the ducts liaA'e heen hgated pre\ioml\ 
IS cleaily indicated in Table III (Fig 2) All five dogs showed a mailed rise 
of the seiuni lipase attei t'^ mg of the ducts (These lesults aie alieadi included 
111 Table I ) Attei leiiioval of the pancieas theie ivas an iinniediate diop of 

SSHUM 

LIPASE’ Effects =/ 

{mh/cc PANCREATECTOMY 



foi the lipase 

the seiuni lipase In thiee animals (Dogs 13, 14, and IS) the va 
weie almost zeio on the second da^^ following the opeiatioii 
mainmg animals (Dogs 15 and 16) theie ivas an essential decieas 
zAmie but it was less pionovtnced than m the othei thiee animals jl 

Dogs 13, 16, and 18 died a few days altei the second opeia loiL 
and 15 weie still living thiee and foiii iveelts after panel ea tee oi^^^ 
suipiised to find using figuies foi seium hpase in these two tjie other 
shoAved a Amine of 1 9 on the nmeteenth day aftei the opeia iw, ^jie re- 
one shoAAmd 1 9 on the tAventieth and 1 2 on the tAAmuty-si^-t 
moval of the gland 
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Oiu exptiiDiuits dtmoDbtinte that stimn lipase oiigiintes at least paitl} 
111 tliG paiicicTs This IS piQ\ed bi these tlucc facts (1) T-sin^, of the pan 
creatic ducts leads to an immediate use of the scium lipase (2) Complete pan 
ereatectoni^ leads to a stead} deciease of the enzyme (3) Total reraoial of the 
pancieas at a time Mhon the le\el of seium lipase is still high, as a lesult of 
ligating the ducts, leads to a lapid diinmutioii of the enzyme almost down to 
zero We are not able to explain whj othci authois (Popper and Soitei) did 
not succeed in pioducing ele\aled levels of serum lipase after ligation of tlie 
pancreatic ducts but our findings that tuo to thice neeks iftei total pancrc 
atectonii seziini lipase appeara again to increase m amount e\en to values higher 
than befoie opciation, show tint this enzvnie mav also be deiived fiom extia 
pancreatic souices The li\ei is a possible soincc In studies concerning the 
enzymes of the bile in man, \\c ln\c iec,ulailv found lipase m the contents of the 
gall bladdei and the hepatic duct (I npubhshed data ) 

The inciease of serum lipase is appaienth due to its absoiption into the 
blood stream when the Hon ot pancicatic juice h is been blocked To substanti 
ate this conclusion a\c have ligilcd the pancreatic ducts and diawu the tail ot 
the pancieas thiough the abdonunil wall, exposing the tip through the skin 

Tabijj IV The Ehict ok Ligation of tiif P\ncul,\tic Ui rrs Foiioufd av tue Pep 

FORMANCF 01 A PlSCRB-VTIC PlSTlllaA ON M LiPVbE 

I OOP 24 I 1>0C -7 I DOO -8 I DQQ 29 


U1 A8E 


Delore opcratioa 

After ligation o£ duct*? tail 
urann through abdominal 
w ill (day) 
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3 

4 

04 00 03 04 

0 25 0 4 
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Fvitiila flay nfirr hi/uhon 


3 1 1 5 1 4 

After lihtula (daj) 

40 

2 

17 
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OOS 2 1 

G 

05 03 
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0 1 

13 
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18 
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32 
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The seuim hpase lose fiom 0 4 to 2 0 sMthiii forty eight hours We then 
transected tlie tip ot the exposed gland theiehj peiniittiug the pancieatic luitc 
to escape Tiie hist detennination of the lipase two da}s aftei this opeiation 
shoiied that the lipase was alieadj deci easing AVhen the fistula iias iiell estah 
I'shed, the seimn lipase letuined to noimal, as is shown ni Table IV This dem 
onstiatcs that the lemosal of the obstiuction to the flow of pancieatic tiiiee hi 
means of a pancreatic fistula iftei duct libation allows the escape of the jianeie 
“tie juice from the pancreas and therefoie prevents the increase of the serum 
''base lei el , 
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SUAIM VRY 

Scium lii)at,e is oi botli panel catie and extiapancieatic oiigm Itspaiicw 
atn oiisim is pioied by tlic iollowing lacts (1) Else of seiiiiu lipaso aftei ligi 
tion oi the paneieatic ducts in all of twenty-one dogs (2) Deciease of the serum 
lipase aftei total panel eatectoniy (3) Immediate diop of the seiiim lipase to 
almost zcio in fi^e days aftei total panel eatectoniy, when the lei el foi senim 
lijiase pieiionsly has been laised by duet ligation 

The leeuiience of seiiim lipiase two to thiee weeks oi loiigei after total pan 
(leateetomy pioies that theie exists also an extiapaneieatic somce for the 
onz> me 

The mechanism which leads to the use of seiiim lipase is absoiption of the 
eiizime into the blood sticam aftei blocking of the flow of the paucieatic juice 
When ligation of the ducts is followed bj"^ the pioduction of a paneieatic fistula, 
tlie cknated seium lipase diops to noimal leyels 

The authoit, wish to thunk Miss Lilli in Rosenberg, Miss Bernioe EubuiowitLb, and Mi 
Mii^ Poweis foi ussistmce in tlio tethiiicil deteimimtions 
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A RESIN ARTIFICIAL K:IDNE\ 

E L Jluinni- id M D and Allkn F Reid Ph D 
Dvllas Tews 

VWASTE pioducts exeietcd b 3 the kidnejs ha\c been iemo\ed fiom the bodj 
VV via artificial loutes such as peiitoneal imgations^ “ and peiitoneal nuga 
tion and gastiic la\age,^ and b> m m\o dnhsis^ The piesent lepoit is con 
cerned A\ith prelimmaiy obseiA itioiis on anothei technique bj \\hich such 
ienio\al may be accomplished 

Tins aitificnl kidney consists of a icsin bed composed of nine paits of 
Anbeihte IR - 100 H* and one put of Deaeidite t The \mbeilite is a hpical 
cation exchange lesin with exchange activitj on — 0 — COO- and — SO 3 
croups The Deaeiditc is a tjpieal anion exchange icsiii with exchange actmt} 
on s N(H 30 )+ gioups ® 


CONSTRUCTION OF RESIN BED 

A coai’se mesh of each lesiu is obtained b> sifting through a 20 mesh scieen 
The finei paiticles lequuo i positne push and eaic is needed to limit puKeiizi 
bon Residual fine paitides are lemoved b\ thoioiiob washes Deacidite tends 
to float and lemiMug is necessary befoie packing 

The lesui mixture is placed 111 gloss columns as in I ig 1 The coliunn used 
had an inside diamctei of 4 centimeteis Two lengths 50 and 85 cm ]ia\e been 
tested Rubboi stoppers accommodate the inflow and outflow tubes The out 
ow tube IS eui\ed down and o\erlaid with glass beads During packing the 
g ass column is lotated while niamtaincd at a 15 degiee angle in order to 
nunmiize the foiinatiou of diiect clianncls Vdditional washes encoiuage pack 
iiig and make paitielc escape through the outflow negligible The stoppeied ends 
■uc sealed with shellac A second laigei glass tube (outside diametei, 7 5 cm ) 
Is likewnse sealed in place about tlie piiinai^ tube and accommodates a tcmpeia 
tuie control water jacket 

Autoclaving is not feasible as it tends to break the resin particles mainlj 
eaeidite Stenlitj is attained witli ethyl alcoliol The bed is tlioioughly 
^\aslied with distilled watei At this time the outflow watei should give a 
iiCoatue or tiace nitrogen test (no resin in solution) 


OBSERVATIONS 


One group of in vitio expeiiments included the following steps ( 1 ) 
onditioumg of lesiu bed with Solution PJ (2) peifusion of icsiu bed with 
oiutiou P contuming a Iiigh concent! atiou of urea (3) peiiodic measiuemcnt 
0 the outflow uiea concentiation (4) washing witli Solution P and measme 
niGiit o f the amount of uica lecoxeitd The volume flow was 100 c c pci minute 


Froni the W llllain Buclianan Bloo 1 Center nnl Bailor IIo pltal 
lechnicul assistant, Mr i \ L>1(. 
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KCl 0 P of Odel and Perri*** has the followinff coniDOsition per liter IsaCl 6 Gm 

<-oaQ unn I C’jCU 0 1 Gin MbCI 0 1 Gm NaH PO 0 OoGm NaHCOj. 3Gm The elu 
"aa lowered to Gm 
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Fig 2 illustiates the lesultb In this c\peiiinent the 4 hteis ot yolutioii P con 
tamed 16 Gm ot luea ot which 4 78 Gni (30 pei cent) ivcie extiaekd Vitb 
this bed, uiea conceiitiatioii, and fioii, the iiiea uptake amounted to 89 percent 
at 2 liteis The i\ash cm ve miiioied the uptake ciine and 4 9 Gm ot iueai\ere 
washed out 



1 — C (Iiasiaiii itic representation of the renn bed and connections as used m tlie m 'i'“ 
PCI fusions The description is in tlie text 



Uptake 


Volume C.C p contJljJ^ 

Pie - — c demonstration of the uiea uptake bi the lesin bed fTPh-f^Cdi charge 
ing 400 mg per cent of urea (IG om m 4 liters) and the subseqeunt u 'olunie ^ 
solution P as t\asli Each point represents the cumulatue results “P '■“ondltions P^^aunie 
steadx pH reading (glass electrode meter) is depicted The So cm 

resin dr> weight 600 Pm diameter of column 4 cm length of coiuii 
floM 100 cc per minute 
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IleparJinzcil blood i)t.ilu‘‘ed thiou^h tlit bid londitioiiod with hepaiiiiized 
‘solution P Molded siimlai icsults (Sic I u J ) 

Six dogs> wcic subjected to m m\o pcitusioii with tius appaiatiis on the 
fourth daN following bilateral nephiectom\ For these expenments the resin 
colunm was tilted to a 45 dcoree aiic.le The lowest stratum was composed onl^ 
of Ajiiherlite since the Deacidite goes into solution more nadih and was re 
nio\cd bv this Anilieilite la\ii Tlu ml iKi tulic was a ^ tubi one limb bung 



Fig 3-ObsendUon inUIar to tho e m he hepannir^ blood 
added to the blood and the results were gauged as nonp olein DJtrogen \alues The mmai 
nonprotein nitrogen concentration w.as 3t3 nig per cent The '«me resin bed ^as used ana 
*be uptake and di charge ot urea were approximated ti Ice that In Fig 


connected to the femoral arteic and the other to a 20 liter leseicoir of heparin 
ized Solution P One limb of the \ outfloii tube «ai connected to a wash 
collection resenoir and the othei limb \c is connected to an iiiieited slhal^an 
graduate acting as an air tiap The an trap led to a fine mesh cloth filter and 
on to the femoral cein Tins filter icmoied fibiin stniicis and am lesiu particle 
escaping the bed All connections neie nitli lubhei tubing The distance liora 
arterr to intake tube nas about 60 ccntimetei's An interposed manometer 
lecoided the arterial picssiiie The volume flow iias maintained between To 
and 100 c c per minute 

The losm lied was filled ivith do^ s blood or a substitute (plasma oi albumin 
solution) in ordei to pieieut hypotension Perfusion was allowed for ten 
minutes then the blood residuum was collected in the air trap reserioir and the 
>Hd lias washed with 1 000 to 1 500 cc of wash The resenoir blood was rein 
fused into the iciii while the bed was filling aoain 

Protocol, lJo„ 6 weight 15 kilograms In nio perfusion fourth dai after 
liilateral uephiectomj 50 mg hepann intrai cnoush , w ash solution Solution P 
plus heparin 50 mg /per 1 000 c c , size of bed 500 e o coarse resin bed condi 
Honed with 2 000 c c wash temperature contiolled 19° C number perfusions 
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4, ten minutes each, flow, 70 e e pei minute, total uiea lemmed, 3 5Gm (col 
lected foi 6 pei cent blood contamination) , no hemolysis, no leaction, blood 
piessuie ai eiage 135 mm Ilg , lived 2 5 moie days, total 6 5 dajs 


COMMENT 

Pielimmaiy expenmeiits shoiv piomise foi the lesin aitificial kidiiej In 
vitio obseivations deinonstiate an efficient means ot adjusting pH, raaintam 
mg osmolai cojicentiation, adjusting ionic distuihances, and lenioving waste 
pioducts In nvo peifusions have demonstiated a minimal leactiou rate and 
an absence of hemolysis Waste pioducts aie lemoved but a more efficient 
means of disehaigmg the bed of lesidual blood prior to the wash is needed to 
increase the bulk removal of wastes and to prevent an excessive fluid intake into 
the recipient Observations in tins direction are henig conducted at pieseut 
Reactions to the lesin (mainly Deacidite) weie obseived eaiher wit m 
sufficient -wash and failure to use the final Ambeilite lavei to lemoiesou 
Deacidite The reactions mcluded restlessness, muscular jerks, audtacu'pnea 
Thorough preliminary conditioning of the bed with a heparinize son o 
IS essential to avert clotting Metal parts are not used smce they encouiao 
clotting of heparmized blood * , 

The efficiency of this technique requires impiovement Trans ationo 
teclmique to clmical use is not indicated at present 

The lesm used for the removal of wastes (Ambeilite) was ^ 

for the removal of cations, it does not seem to be as efficient ui t e le^ 
nitrogenous wastes and presumably other rvaste pioduets Resins more 
to this puipose seem higlily desirable 


C0NCL.US10N 

r 1 nf ultlO'^SUOUS 

A rather simple tedimciue has been described for the lemoia ut 

waste pioducts In vivo experiments ha\e demonstiated iiiininia 
hemolysis, and a simple means of niaintaining pH and 
steady Removal of excessive amounts of cations mav be attaine ) 
conditioning ot the resin 


references „ 

TT n After -Vtule Seii'i 

Frank, H A, Selignian, A M, and Fine, J in 

Failure by Peritoneal Irrigation, J A At A 130 '03, m pp,, tone'll Irrigate' 
Aluirhead E E, Small, A B , Halej, A E , and Hill, J „V.fusion ^ Di'.cu w 
Acute Renal Damage Following Incompatible Blood 
Based on Three Cases, J Lab A Clin AIed 32 98®) Wute o' 

Bassett, S H , ind others Nitrogen and Fluid Balance in rreum 
In Peritoneal La\ age, Aich Int Aled 80 616, lOI' , 

Kolft, W J , ind Beik, H T J The Artificial Kidnei A ni i 

Acta Aled Scandinai 117 121, 1944 ,, Stntliet'C Cd'e" 

Bauman, W C , and Eichlorn, J Fundamental Properties o , 

change Resin, J Am Chem Soc 69 2830, 1947 An'O" 

Kunin, R, and Alejeis, R J The Anion Exchange Equili 

Resin, J Am Chem Soc 69 2874,1947 , T,n„fhi>ienci 

Odel, H AI , and Perns, D O Treatment of Acute Renal 1' 

Laxage, Proc Staff Aleet , Alayo Clin 22 305,1947 


Uith Great 


^r,th Periton^' 



TIIL KLLATION OF PlirNOO ULTLNTION 10 UELAIIA 
AND 

TIIL LPFLGT OF PIITIIAIil I SI LPATIIIA/OLL \NU SIRI PTOJll CIi\ 
ON Pill NOL PRODUCTION 

Stwlm Ij Wvllvcc j\I D , J M \a\\ ell Littli- PhD 
IMD J R R Bodb 11 D 
WrNsio>. SvLEM, N C 

pROlI time to time vaious minau constituents wliicli aie letaiued duiiiin- 
renal msufficiencj , have been implicated as piimaiy factor in pioduciii° 
tie symptom complex kiioiin as iiiemia The depiessioii of the ceiitial 

t® ‘>‘e aeciinndation of 

mie souice of the pheiiolie coinpoiinds which accumulate duiiii„ leiial 
siifficieiiej has been slioim by llaicnzi to he the intestinal tracts He 
cnioiistiated that, while iii nephrcetoinized aiiinnls the blood concenti ition 
ts/ 1 ‘“<=“=“ed rapidly ni nephiectomized animals which had 

e entire intestinal tract siiimltaneoiish lenioied the blood concenti ation of 
otal phenols eithei did not ineicase oi incienscd only slightly 
tliA tliou^lit that the phenolic compounds aie piodiiced in 

uitestiiial tiaet hj bacterial decomposition of ingested pioteins The 
pecifie bacteiia whicli aie lesiionsible for tlie decomposition of proteins 
ooyvever, are not known 

'^cen iiuestigated that as a lesult of deeieasing the 
eria population of the intestinal tiact by the oral use of phthahhiil 
umiazole or stroptoiiiycm the pioduction and theicfore the icteiitioii of 
leiios might be diiiiiiiished in ncphrectomizcd iiiimals Piom the dita 
0 ) ame , the impoitance of the letcntion of phenoln compounds in iiiemia has 
'jeen e\alnated 

METHODS 

thei J!'r liealtlij, -idult mongrel dogs weighing G to 14 kilogriim‘i 'ind 

Ballard’i^ ^aintamed before and during the experiment on a b danced diet (B-ilhrd and 
thirteen blood phenol determinations were done usually for two da^s on 

gram received orally a total of 0 5 Gm per kilo 

ncnlirpct^ phthalylsulfatluazole m duidcd doses for three days prior to bilateral 

Gin postoperatively until death To another four animals a total of 0 5 

I>nor to streptomycin was guen orally m capsules m d:\ided doses for three days 

received ^ procedure and postopcrntively until death Five control dogs winch 
stage blT similarly nephrcctomized Tho operative procedure was a one 

ThA neplirectomy under ether anesthesia with preancsthetie morphine and atropine 

adrenals were left intact 

'Dh postoperntne phenol levels were done on cacli of the animals accord 

^‘“•0 St r Bernhart and Schneider-* Fresh stool specimens from eacli animal 

u le frequently by send dilutions of 1 Gm wet uei„lit of feces in B icto l^actoset 

PlissfolOEj and riianiiacology Tin, Bowman Gray School of 
Received for publication April 13 1948 

haliwaj j,j ^j"®Ptom>cln was supplied b\ Dr D I Robertson of Alerck and Compan\ Inc 
jDlfco Laboratories Detroit, "Mich 
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biotli before and during the peiiod of drug administration to determine the colifonu organnm 
oontent The greatest dilution of stool at uliicli both aeid and gas were produced a tie 
broth was considered a measure of the number of coliform organisms in the fecal specimens. 
In the greater dilutipns one is probablj dealing with coliform organisms, but in the «niallir 
dilutions anj aerobic organisms producing gas fiom proteins or lactose nuj he mcludei! in 
the measurement 

All the animals weie obseraerl fieqiientlj until de ith, ind the presence or absence of 
the 1 II ions depressue ind e\eit itor\ symptoms ot uremia w is letoided The length of 
survival after operation w is noted in ill iniiii ils, iiid cidi aiiimil was autop^led i'- ooa 
after de itli is possible 

RCisljlT's 

A itielimmait studj ot the blood plicnol contentiationb in scioitj llute 
drteimiuations on t\\ entt -loin noimal dogs ^lelded a mean value of 150 mt' 
pel too ce, with a lange ot fioiu 0 82 to 2 30 milligiams Oiib two of Die 


Tvbu I EhectopOrm PiiTHAL\rsi;uATiiuzoLE and Streptomici\o\B: 




1 59 — 


a Lethargic q quiet b labored breathing r retching v aomunb 
P Autopsy showed death may ha\e been due to pneumonia. weight of 

P The approximate log ot the number of organisms in 1 Lm wee 
•Daj treatment was started , ,, le'd 

tDied seventh daj after nephrectom> On flftli daj blood su'fatma 
jSuIfathiazoIe blood let el free 4 2 combined 0 0 total 4 S mg I 
§Sulfathiazole blood le^el fice 11 combined 0 5 total 16 nio h 


irreguUr 


heart n'' 


of feces 
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t^enU foiu dojs had coiieentiatioiis o^el 2 0 nij? pei 100 cubic centimetei-s 
“ This coiiespomls closel} to iioiinil blood phenol concoiitiatious icpoited foi 
Iniimu beings 

The results in the thutcen evpciimciit il dogs aic pic seated m Table I 
In file control dogs the nitui length ot life attci hilatei il lu pliicototm was 
nineti nine hoiiis iangin„ fiom ivhU ioui to one hundud twiiiti si\ hoius 
The foil! animals whitli iccened phtinh Isultatlinzolc lued fiom lolt^ fi\e 
to one handled sixt} nine horn's iftci opei itioii with a mein ot one huiidied 
ten hom-s The animals which iccened oial sticptonncin Inod onl\ fiom 
fifh fi\e to eight> one hoiu*s postopei itnih with i mean sunnal of sL\t\ 
eight horn's 

JvOL CONCBSTRATIOVS AND FECMj COUIOBM OrOWlSM COLNTS I> Xl I HrECTOWIZ> D DOGS 
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The blood phenol coneeuti ations of the contiol animals taken the (la\ oi 
01 the dai piioi to death iveie tiom 1 78 to 6 60 mg pei 100 cc, i\ith a mean 
of 416 milligiams The animals leceivmg phthaljlsultathiazole had blood 
phenol eoneenti ations at death of fiom 3 70 to 7 35 mg pei 100 cc, with a 
mean of 5 54 milligiams The animals given stieptom’vciii died with Wool 
phenol eoneenti ations langing fiom 154 to 2 23 mg per 100 cc, with a 
mean of 2 00 milligiams Diiig administiation eaiised no significant change lu 
the blood phenol eoneenti ations in iinopeiated animals 

No animals showed evidenee ot piedominanth ineieased nenons sisteni 
iiiitabilitw , although occasional eoarse niiisciilai twitchings were seen til 
showed progressive nei'voiis s^stem depression teinimating in death VlnKrl 
all of the animals showed sec ere anoiexia, and thej retched and vomited during 
the last fort's eight hours ot life, one control animal had diarihea There 
was no sigiiifieant difil'eience in the uiemic signs in the thiee gioiips Some 
which leceiced stieptom'^ cm show'ed eailiei appeaiance of uiemic signs than did 
the animals in the other tw'o groups The depth of depression was not 
alwajs diiecth proportional to the concentiation ot blood phenols in the 
control and plithah Isulfathiazole giorr])s 

Stool bacteirologic examinations revealed that within forty eight hours 
of the start of oral phthalylsulfatliiazole or stieptoniycm adnunistration tie 
colifoim counts decreased from 10® to 10" organisms per gram of wet stoo o 
10^ or less and this level was maintained until the death of the aninia “ 
general stieptonrccm reduced the colitoinr counts somewhat more than 
the sulfonamide 

Autopsy examinations lecealed nothing ot important significance 


DISCUSSION 

Relcthonship Betucen Blood Phenol ConcenUution and Uiemic 
Bechei^ and Harrison and j\Iason- demonstrated experimentally t a 
depression in uremia are accompanied br an elecation of the 
eoneenti atioii This was confirmed clinicallv by Dickes an ^ . j 
among others, who reported that the correlation between eleiate jIk, 

concentiation and the signs of narcosis was much closer than e 
same signs and any other known chemical abiioimaliti m men 

theictoie concluded that there was an etiologic relationship between 
mi.,, , , , , , ^ . ji-- nifitUlG 01 1 


This argument was strengthened by the fact that the cluneal pictm 


intoxication resembles the depiessive aspects of iiiemia 


On the othei 


due to 


Nesbit, Burke, and Olsen" in studyniig patients wnth uremia mie 
obstruction concluded that although the blood phenol concentiation 


postreiia' 


oDstiuctioii concluded that although the blood phenol 
in uremia, uremic symptoms, including those of narcosis, Ijgtween 

related to an elccated phenol eoncentiation They found no paia e 
the concentiation of blood phenols and the intensity of sMiiptonis a 

In our animals the administration of streptomycin alter'’‘- 

the blood phenol eoneenti ations at oi near normal 


the SI mptomatology There appeared to be an earlier onset 
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eailiei death iii the streptom^em gioup lu addition althoUoli all coiitiol 
anirmls and those receiving plithah Isulf ithnzole hid incieased blood phenol 
concentiations, theie was no stiiKin^ coiiclation between tlie seveiit} of naicosis 
and the coiieentratioii of blood phenol lu several lustaiices concentiations 
over 3 6 mg pei 100 ce weie ittended bv mild depression onh while in 
others blood phenol concentiations lowei thin this weit associated with severe 
stupoi These findings make it unlikeU that blood phtnols aie ctiologicallj 
related to the symptoms of depiession in lueima There must lie some other 
retained urinary constituents which produce these svinjitoms 

The survival times in the contiol and ]>htbalvlsulfathiazole „ioups agree 
with those previously icpoited Rodbaid® lepoited a suivivil iftci bilateial 
nephrectomy ranging fiom si\tv to one bundled thiit\ houis with a moan 
of eighty five houi-s Ilanison and ilason lepoitcd a suivnal in dogs ot 
from eighty five to one hundred twentv boms aftci the animals became 
completely aiimie The sunival time of the gioup which icceived streptomvein 
was considciably less than that of the othoi two gioups but because of the 
small number of animals in each gioiip thcic is some doubt that this diffeicnce 
IS significant The explanation foi this is not known since it is Inown that 
streptomycin is not absoibed fiom the mtcstnial tiacl in appicciable amounts 
However it is possible that dcgiadatioii oi coiivci*sion pioducts of stieiitomveiii 
which would not be measuicd with the usual metiiods if thev woie not 
bacteriostatic, may accumulate and account foi the cailici death 

Since the animals receiving sticptomvcm died caihei than those in the 
other two gioups it might be ai^ucd that the lower phenol concentrations in 
the streptomycin ^loup could be nttiibuted to this fact However the mean 
blood phenol concentration of the contiol oioup forty eight houis post 
opei-atuely was 3 50 mg pci 100 cc and the mean foi tv eight houi blood 
phenol concentration of the phthahlsulfatbia/ole gioup was 4 05 mg pel 100 
cubic lentimeteis At a coiiesponding time the mean blood phenol conceiitiation 
of the animals receiving stieptomvcin was 185 pei 100 cubic ceutimeteis 
Stieptomyciii theiefoie must effect the intestinal oigaiusms icsponsible for 
the mayor poition of phenol pioduction 

Phenol Production hy Bacienul Action and the Effect of Chemotherapeutic 
Agents — ■Phthalvlsulfatlnazolc * and strcptoiuvcin'' tal en oially aie pooilv 
absorbed from the intestinal tiact and thus thev excit nearly all of then 
antibactenal effect within the lumen of the intestine 

Poth and Ross® repoited that phtlialv Isulfathiazole markedly depicssed 
oolifoim and vegetative clostiidial eoniits in human feces but it Ind no effect 
on sjiores or on the Sti eptococcus faecahs On tlie otliei hand iMilIei” lias 
'’howii in the rat that although colifoim oioinisnis aie deeieased bv this dni„ 
there is no significant ch uigc in the numbci of aerobic oi total anaeiobic 
ortanisms or m tlie iiumbei of spoies in the feces Segel Seluvcinburg and 
repoited that this diug decieases gas foimation in obstnicted intestinal 
•oops in cats by inhibiting the action of the coh leiogenos pioteus „iou]i and 
^vitain of the clostiidia In om ammils the cohfoim „ionp was maikedlv 
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deei eased in numbei phtbalj Isulfathiazole admmistiatiou, we did not stuJv 
its effect on otliei oigamsms Ilowciei this ding pioduced no change m the 
coni-se oi the iiienna noi did it dimmish the usual niciease in the Wood phenol 
coneentiation Appaientlj phthalj Isulfatln azole does not aet'on those oigainsms 
in the intestine 11111011 aie lesponsible foi the piodiiction ot phenols Oiir 
lesults agiee 111th those of Bankei and Selimidt'- who lepoited that the 
adininistiation oi pliythdlvlsultathiazole to 1101 mal dogs lesnlted in no change 
in the coneentiation of phenols in the in me 111 spite of the almost complete 
inhibition of fecal colifoini oiganisnis Thei concluded that the phenol 
jnodiicmg oigainsms iieie not affected 

Oial sticptoini cm also maikedly diminishes ieeal cohtoim oigainsms" 
ZiiiteP ’ gaie 1 Uni ol stieptoiincm pei daj' oially ni divided doses to 
fiiteen jiatients and noted a maiked depiession oL teeal colitoim and stieptoioual 
oigainsms and a modeiate diminution oi clostiidia In compaiison, snceimlsul 
fathiazole, a ding similai m its action to phthalylsulfatliiazole, dimnnshai 
lecal colifoim oigainsms inodeiateh and clostiidia and Sti faecahs not at all 
Smith and Kohmsond' using an oial dose ot 30,000 to 300,000 units per 
kilogiam 111 nuce, found that sticptomycni eliminated all gianinegatne 
oigainsms and most giam-positive ones iiom the feces, leaiing onh a small 
numbei of giam-positive spoie-ioimmg oigainsms We found a mai 
inhibition of colifoim oigainsms by oial stieptomycin, hut w'e did not stu \ 
its effect on othei fecal oigainsms 

The specific identity ot the oigainsms lesponsible foi phenol pioduction 
IS not known In consicleiing the possibilities, it appeals that the organise 
piohabl-y would belong to that gioup manitesting gieat Indioljtio 
towaid piotems, and that tho^ also would be snlionannde lesistant 
stieptomycin susceptible Ot the oigainsms nsiiallv found ni feces, the 
with the gieatest hjdiolj’-tic activity towaid pioteins"' aie Closn 
spoi ogenes and Pioteus vulgans Of these two, the foiniei is sulionanu 
stieptomycin resistant wdiile the lattei is sulfonamide resistant but m ^ ^ 
sensitive to streptomycin There is some basis then foi the jlut 

small poition of phenol pioduction may be attiihiited to Cl spotogenci 
P vulgans is pimcipally lesponsible toi phenol pioduction It 
that the pioduction of phenols leqinies tlie integiation of 
activities of nioie than one oiganism m the pioduction of one 01 
ciiKois of phenols 

SUMMAKV 

Blood phenol deteiniiiiations weie done on tliiee gioiips of 
contiol peiiocl, usually two clays, phthalylsulfatliiazole was per 

to one gionp of foiii dogs m cliwided doses totalling 0 5 &ni 
day until death In the same ivay stieptomycin was adninusteiec 
gi oup of four dogs 111 divided doses totalling 0 5 Gm pei dai )j, lateral 


^ A 

The thud gioiip of fi^e animals seived as a contiol A the 

nephiectomy wms done on the experimental gioiips thiee dajs a ^ in 

administiation was staited and five days aftei the stait of the e\l 
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the coiitiol gioup Flesh stool specimens fiom each animal weie studied 
frequentl> h} sciial dilutions in Batto Lactose broth to deteimiiie the colifoim 
organism content 

The contiol mean blood plienol eoiiccntiation i\as 150 pei 100 cc, 
inth a range of 0 82 to 2 30 niilli„rams The contiol gioup died with a mean 
blood phenol concentration of 4 16 mg pei 100 c e with a I'ange of 1 78 to 6 60 
milligrams The phtlial) Isulfathnzole gioup died with a mean phenol con 
centratioii of 5 54 mg pei 100 cc with a i mge of 3 70 to 7 35 milligiams 
The stieptomjcm gioup died with a mean phenol conccnti ition of 2 00 mg pei 
100 cc with a lange of 1 54 to 2 23 milligrams 

None of the animals showed e\ideucc of picdominanth incieascd nervous 
sjstem niitahihtj although occasional coaisc inusciilai twitchings weie seen 
jVll animils showed piogessivc neivous svstom depiession terminating in death 
Thcie was no stiikiii„ coirclation hotween the blood phenol coneciitiatioiis 
and the depressive signs of uicmia 

It IS concluded that the letcntion of phenolic compounds is of little oi no 
significance m producing the signs of ncivous svstem depiession seen in uiemia 

IVithiii fort) eight houis of the stilt of \)hth ilv Isulfathiazolc and strepto 
mjem admmistiation the focal eolifoim counts deci cased from 10° to 10 
organisms per giam of wet stool to 10* oi loss and this level was maintained 
until the animals’ doatlis 

It IS concluded that the picdomnnut organism icsponsible for phenol 
production in the intestinal tract does not bcloiu to the colifoim „ioup and 
that It is not inhibited by phthalylsulfatluazolc but is inlnbited bj stieptomjcin 
It IS suggested that this organism IS pi obabh P lulgans 

Tlvo ivwtliots are m<lebtt.l to Dr ilaiison Mouts aa4 Dr MaaDonvlJ Fultoa for 'vavicp 
on bactcnologic matters and to the stalT of the Clinical Chemistry Laboratorj for tbe 
blooit sulfathiazole Oetennmations 
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MECHANISMS OF DCSOXYCORTICOSTEEONI) ACTION 
I Relvtion ot Fluid Intvkl to Blood Pressure 

D M Green AI D 
SCVTIIF Wvsii 

E ssential in pei tension is clmncteuzcd b) a t\pe of sustained blood pies 
sure eIc\ation m ^^luch the usual mcchauisras foi counteracting rises in 
picssuic do not appeal to ha\L been biouglit into opeiation^ Prehminai} le 
suits of investigations now in piogicss auge>cstcd that desovjcoiticosteione maj 
possess an abilitv, pcilnps to a unique dcgicc, to elevate mean piessiire without 
pioduetion of secondaiv caidiae slowing oi pulse piessure ineicase Conse 
quentlj it seemed desiiable to stud> the mechanisms bv which this drug affects 
the height of the blood piessure- level 

The relatively lapid rctiun to noinul piessure levels following adequate 
desoxyeoiticosteronc acetate (DCA) therapy m Vddisonian ciisis is iisuallv con 
sideied to leflect the icstoiatioii of an adequate blood volume consequent upon 
correction of renal sodium and watei loss On the otlui hand the hv pei tension 
which may develop subsequent to DCA oveidosage both in jiaticnts with Addi 
son’s disease^ and in iioinnl subjects* is not explicable on the basis of abnoiinal 
sodium letention* or elevated plasma volume* ® and with few exceptions’ le 
quires a peiiod of weelus to months foi its induction “ * ® These cousideiations 
coupled with the absence of any conclusive dcmonstiation of a contiaetilc action 
on vascular musculature sugoCst that DCA induced hvpeitension mav constitute 
a leaction to some moie direct effect of the compound which piecedcs the pressure 
elevation in time 

Knowledge of the nioic immediate action of DCA is coneeined largely with 
Its influence on water and electrolyte balance Altbongh these effects are con 
sideicd most fiequently in lelation to tubuloi icabsoiption of sodium their 
climeal expiession is peihaps more evident m teims of over all fluid exchange 
Cortical insufficiency is acconi])anicd by a diminished capacity for w iter excre 
tion® while excessive DCA adnuiiistration is followed by a diabetes insipidus 
hke syndrome’” Since it appeared possible that the development of elevated 
blood pressure might be indiicetiy iclated to the piofound influence of the salt 
letaimng steroids on fluid exchange it was decided to study the temporal course 
of the two phenomena in a quantitative mannei 

EXPERIITENTVL PROCEDURES VND RESULTS 

The expeiimental animals for the firet gioup of studies consisted of twenty 
lats of the Spi ague Daw ley stiain, weighing appioximatelv C5 grams All 
animals were kept m scpaiatc cages and weie fed on Puiina laboratoi’y chow 
Sodium chloride solution 0 8G pei cent, was substituted for dunking water 
Consumption of food and fluid was unicstiictcd Fluid intake was measured 
dailv and weight weeklv The mean daily fluid intake pei giam of hodv weight 

ll'o Section on Experimental Medicine and Tlicrapcutlc UnKersItj of VVa hinfiton 
School of Medicine, 

Recehed for public'itlon April 0 1948 
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Fig 1 Alterations In fluid intake following- DCA implantation in joung rat 


was calculated toi each animal once a Aveek by dividing the aveiage daiii intake 
by the mean Aveight foi the Aveek 

At the end of the fii&t Aveek the animals Aveie 2 )aiied as closeb as possilih' 
accoi ing to weight, imit fluid intake, and sex Single 20 mg ^ ^ 

+1 time of foin to six months A\eie implanted beneath 

0 the back ot each of the ten animals compiismg the test gioup, using dnu 
anesthesia The animals of the contiol gioiip weie sham opeiated 
en s 0 Aveight and intake Aveie continued as desciibcd foi a tnhd ot oh 


The daily fluid intake of the contiol gioup pei giani of hodi " 
declined Avith age in Imeai fashion as illustiated m Pig 1 The test gn 
0 OAAung implantation, manifested an alnnpt and maiked inciease m 
maAimal Avithin ten days, to a value tAviee that of the contiol gioup 

W hen this ma\imum meiease had been attained, the uuP kiuid i 
leieaftei deeieased Avith age in the test gioup also HoAveACi, the m c 
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dine exceeded that displaced b^ the contiol animals so that with the passage 
of time tlio unit intake of the test t^ioiip aiipioaclied tliat of the contiol group 
despite the maiked use ^\luch had followed DCA implantation 

Studies of the relation of these clianp,cs to blood piossure and adicnal 
function ncie camed out on a bccoiul test gioup of tliiiti rats In addition to 
weight and intake detenniiiations as picMoush dcscnhed the blood piessnre of 
each animal nas measiued ncekh In an adaptation of the tail method” In 
order to seciue the gieatest dcgice of icpiodiieibiliti it nas found desiiable 
to preheat the animals for t\vent\ minutes at appro\.imatcK 40 C and to make 
a senes of tui leadings at each detoiinination the fiist fi\e being discarded 
Under these cucnmstances a gioup of ugbtcen contiol animals followed o^ei a 
three month period manifested blood picssmc le\oh which nc\ci exceeded 135 
mm Hg 

Following a two week contiol pouod the test animals weie dnided into 
tuo groups The twehc lats in tlie fiist gioup weie each implanted subcutane 
oaslj with ten 20 mg DCA pcUcts Six of the animals in this group were 
adienalectoniized the lemaindei wtie sham operited The eiglitecn lats com 
prising the second gioup weit implanted with single 20 mg PCA pellets 
Adrenalectomies weie pei formed on twehc animals and sham opeiatioiis on the 
remaining slx The sexes wcie icpicsentcd equall\ in each subgroup Measuie 
meuts of weight fluid exchange, and blood picssure wore continued as desciibed 
for a total of twelve weeks 

Inftwnce of Dosage — Following implantation all animals manifested the 
abiaipt use and secondarw ic^iession in intake picvioush described Howe\ei 
the maximum inciease in mtal c was appioximateh tliiec times as great at the 
higher dosage lex cl At the maximal point which was reached m approximateh 
ten dajs the animals implanted with ton pellets weic dunking moie than their 
hodj weight of saline daih The\ appealed to sjiend the greater part of the 
tune lying on then baclts the front paws clasped about the dnnkino tube fiom 
which they would drink rapidlj and almost without iiitei laiption for minutes on 
end Duiiiig the pciiod x\hich compiised rou^hh the second week following 
miplantation the animals appealed iicr\ous and iiritable ind displax cd museulai 
weakness and liouts of tiansiton paiahsis dunug which the hind limbs weie 
These plienomena lesembled certain of tlie toxic manifestations wlncli 
occur in man^ and in tlie dog'* coiisciiucnt upon depiession of seimm potas>ium 
le^els 

^Vhen the point of maximum intake had been passed and tlie period of 
rCoresMon toward lowei lex els of fluid exchanr,e had set in the general condition 
of the animals spontaneous!} niipioxtd Tliex became ti act ible to handling once 
oiore and all exidenccs of museulai xxcakness disappeared 

At botli dosage levels the blood prcssairc lose slowh and in leasonabh 
linear fashion thioughout the period of obscivation Uowexei the slope of the 
pressme cune at the higlier dosn„c w is appioximateh twici as „ieat as that at 
the loner level The piessuie of the amnnls implanted with ten pellets ueraged 
200 mm Ho at the end ot twelve weeks as compuied with a mean of 160 mm in 
thobe lieaiing a single pellet 
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^\hen the temporal relation or intike to blood pie^bui'e \\a.s studied, as 
illustrated in 2, it bceame tvideiit that the eailiest e&eet at both dosage 
levels was the change m fluid intake which had reached its crest and was 
declining before the bTood pressure became elevated si^nificauth above normal 
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rig. 3 Comparison of the re ponses of alrenaltctomlxed and sham-operated rata to DCA Im 
plantation at Ion* dosage 

limite It also appeared tliat the intensite ot heperteosion which subsequentir 
heidopcd was proportional to the ina\imjl increase in fluid e\chan„e while its 
fate of deielopment was reeiprocallj related to the secondan regression in 
intake 

^ttfltioicc of AdrenaUctomy — The eftect of adrenal remotal on DCA action 
"■as studicsl because ot ohscnatioies that adrenalectomized dogs” and patients 
'tith Vddison s disease'* seemed more susceptible to oierdosage than did normal 
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Fig- 4 -Comparison o£ the responses of adrenalectonnzed and sham operated rats toBCVim 

plantation at high dosage 
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subjects This appaicnt hj peisusceptibiliU has been attiibiited to a lack of 
■nitagouistic substances oidiiiaiih sccicted b\ the adienal^* 

The iinplanfation ot sin^ik 20 111 ^, pellets into adiemleetomizcd lats -was 
followed bj a smallci use in fluid intake and a lowci giade of hjpeitension 
than that pioduced m slnmopeinted animals ns illustiated 111 Fig 3 These 
diffeieiices became less e\ident with an increase in dosage as shown in Fig 4 


susr'\tvu\ VND CONCrUSIONS 

The immediate effect of DC V implantation in ^oung lats maintained on 
isotonic saline solution was n use in fluid intake The moie delnjed responses 
to the diug included a sceondaii legiessioii of intal e \ allies tow aid contiol le\els 
and the lecipiocal de\elopment of Inpcitension 

The degree of hjpei tension which deitloped appealed piopoitional to the 
dosaoB of the diiij, the maximal use in fluid intake nnd the subsequent late of 
decline in intake 

No eMdcnce was found that adieinleptom\ sensitized the test animals to 
the actions of desoxicoiticostcione 

The possibility is su^sfcstcd that the Inpoitension induced In DCA o\i.i 
dosage may not lepiescnt a diicct action hut mai ho a compcnsatoi\ mechanism 
foi o\eicomuig distoUions m fluid and ekctiohtc lialince pioduced the dnig 

Wo are indebted to Dr E Oppeiiliemier of Ciba Plnrnjaceutiril Products Inc Sum 
nut I«r J both for generosity in supjilMng desoxMorticosterone nnd for man^ helpful ug 
go tions nnd critici ms tliiougliout tlict-c studus 
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ACTIVITY OF MICROBIAL ANIMAL PROTEIN FACTOR 
CONCENTRATES IN PERNICIOUS ANEMIA 


E L R Stokstvd, Ph D , A Pvor, Jr , B S , J Piergf, M S , A L Pr\nu]\ 
Ph D , AND T H Jukes, Ph D , Pe\rl River, N Y, vnd R W Heinle, JID, 
M Epsteix, M D , ^VKD A D Welch, M D , Clevelwd, Ohio 


T he pie&enee of an unidentified Pactoi X in coneentiated antipeiiucioib 
anemia Inei cxtiacts Mas shown in expeiiments with lats iihicli leceneda 
puiified diet eontaining hot-alcoliol-exti acted casein^ Attention has been 
diawn- to the similaiitj ot Factoi X to the cow nianuie tactoF * vhich piomote^ 
giow'th in chicks and Avhieli in tniii appeals to be siniilai to the animal protein 
Eaetoi (APF) needed foi IiatehabihtA ot hens’ eggs'* and foi chick giowtlP 
In the piesent in\ estigation it was ioiiiid that a iionniotile, lod shaped 
oiganism fiom hen feces, wlien giown aeiobieallj on simplified media con 
taming no appieciable cpiantities ot animal pioteui factoi, could produie 
this factoi," as indicated by assay wnth chicks on diets coiitamiug all the kuora 
B-complex factoi s togethei with high lei els ot soybean meal oi ot alcoho 
extiaeted casein Concentiates weie piepaied tioni the gioiith medium, an 
bj means of the cluck assay then potency was standaidized against refin 
livei extiact, 10 U S P units pei millilitei, wdiich piodiiced a siniilai gro'd 
1 espouse m chicks Coneentiate I appealed to have between 50 and 100 pcf 
cent of the aetniti of the 10-unit livei extiact when iii]ected into chicks 
was piepaied bi pieliminan claiification followed hi piecipitation 
ammonium sultate It contained only appioximatelv 0 5 of tohc acu 1^^^ 
millilitei, as indicated bi Sti eptococcm fuecahs K assa>, and 
uici eased by tieatment with a chicken panel eas “conjiigase” 
Coneentiate I was administeied paienteially to a patient with pen 


anemia 

E G, a UOjeai old white iiomin, entere 1 the hoapitil with an enthroti 
1,290,000 per c mm , heraoglohiii, 4 3 Gm per 100 ml, leucocyte count, 
heniatouiit, 13 pei tent, mean toipuseular \oluiiie, 100 5 c n, mean lilooi' 

33 3 wg, mean corpuscular hemoglobin concentration, 33 per cent The ‘ ' 
count, in per cent, was ueutiophileb, 75, eosinophiles, 10, Ij uiphocites, " ^ 
oO The neutrophiles had highly segmented nuclei ind weie lirgc celh jliteW 
showed marked van ition in size and shape and appeared iiiiciocitic i I 
decreased in number 

Gastric analysis showed absence of fiee hydiochloiic icid ifter stiniul ^ fgljtio- 
mine Stenial marrow aspiration reieiled a mariow with mcrea-ed ‘■chm'" 
absolute increase in nucleated red cells, ind a megaloblast content of 11 P 

Krom the I^derle Laboratories Division Xmerican ''wcJ'*-''’'’ 

N T and the Departments of yiedlcine and Pharniacolosa bcnooi 
Peser\e Tjnueisitj T,nd tjnl\ersit> Hospitals CIc\eland 

Recened for publication June 3 3948 
*. isolation of the actl^e or^,anlsm and the m. - — 

factoi concentrate^ uerc under the direction of Dr cublect of o 

DiMsion American Cjanamid Companj These studies 'v\in be the suuj 
lication at a later date 
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^DMjiul protein factor concentrate I nns oivca in <laiU intramuseuJar (lose of 1 0 nil 
(Table I) for nine Uo^es The patient i\a«< jH uitli everc nnu ea ind fecal vomiting 
\ Studies of the abdomen showed multiple distended loops of small inttstine A ifilJtr 
'■bhott tube was inserted, but ifter the third dose of animal protein factor concentrate the 
Hdusta and \omitiag ceased and did not reappear A single blood transfu ton of citratod 
blood (oOO nil ) uos administered when the crjlhrocjto count fell to 000 000 per c mm on the 
^birl hospital daj Tlic patient nude a rapid sNoiptomatic reto\er% becoming more alert 
actne md appetite returned There ifter the clmiiul tour e was uneventful 
^ peak of 20 0 per cent rtticulocvtcs occurred on the tenth da> after the start of 
Ircatnient with aninml protein factor concentrate This was followed b} a prompt increi e 
in the numbers of erjtbroc^fes, leucocytes and platelets ml in the hemogiobm level (Taldc 
) Tlie reticulocj'te response was more Jelatcl than the aiemgc respon c resulting from 
t'lTcctue mtramu culnr thtrapt with Incr c\tnct Init the le\el reached liy tho reticulocatcs 
'^!'s nearly tint of the theoretic maxinuil® 

A coun.e of li\er cvtrnct un starfeil eighteen diys after tlie beginning of tbcrup\ 
With animal protein factor coucentrite The patient recentd nine diuU intrnniuscul ir do ca 
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of 1 0 ml of purifleil liver e\tiact (Leilerle), e icli 1 0 ml containing 10 antipeinitioui meniia 
units On the sixth claj of tieatnient with li\ci extinct theie was i secoml, small rcticulocTte 
peak of () 0 pel cent The patient continued to inipi ove 

Animal piotein factoi concentiate II was piepaied by claiifieatioii mth 
out pieeipitation with ammonium sultate It had between 25 and 40 percent 
ot the activity o± 10-unit livei e\tiact when ted to oi injected into cliicL, It 
contained about 0 02 /^.g of tolie acid pei milliliter, as indicated bj assat mtli 
Sti faecahs E, and the value Avas not mcieased by tieatment witli “conjugase” 
The concentiate also Avas assayed foi total pteioylglutamic acid Avith chicks and 
Avas found to contain not moie than 5 /ig pei millilitei In anotliei hospital this 
concentiate Avas adinmisteied paienteiaUv to a patient Awth pernicious anemia, 
and the findings Aveie placed at oiii disposal 

E N , an SO year old white woman, entered the hospital nith an erjthrocjte count of 
1,890,000 per cnim , hemoglobin, 7 7 Gin pei 100 ml , leucocyte count, 2,400 per 


Table II Patient E N Given APE Concentbate II 
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VNIMU lUOTElN 1 VGTOR CONCINTUVTIS IN 1 EHMCIOUS VNLMIV 863 

licDiatocrit, 2-i per cent mean corpu cuHr \oIutnc 127 c mean corpuscular hemoglobin 
41/i/Ug, mean corpuscular hemoglobin concentration 33 per cent 

Gastric analysis blioucLl absence of free liadrocliloric acid after stimulation with liista 
nunc Sternal mairou aspiration re\calcil iiK^ulobla><tic h\])ciplasia 

The pre'^enting complunt was inability to w ilk The patient had a cloudy sensoriuib 
There was loss of vibratorj cns.itioii in flic lower e\trcmitie 

Animal protein factor concentrate II was guen in daiK intr imusculnr doses of 1 0 ml 
(Table II) for twenty foui dnjs V rcticuloc%tc peak of 0 7 per cent occurred on tho 
seventh ilaj after the bcjimung of ticatmcnt Tlure w is a prompt increase in tlie number 
of erjthrocjtca and Icucoeitcs and m the hemoglobin level (Table II) 

Coincident with the hematologic response there was clinical improvement Tlic patient 
became better oneutcsl and there was u return of appetite Tin ob ervers considered tho 
clinical improvement to be moderately pronounced 

After tliirtj da^s of trcitmcnt tho cr>throc>te count liad ri cn to 3 3S0 000 per c mm 
and hemoglobin to 10 8 Gm per 100 ml the Icucocjtc count was 11 600 per cubic millimeter 
There was a decrease m the mean corpuscular volume ind m the mean corpuscular hemoglobin 

DISCUSSION 

The lesults mdicato that the coiicenti ates of material produced mieio 
biologieallj, and found to e\eit aninnl protein factoi actuitr in chieb. also 
ueie actue in induoiiig an hematopoietic response in iieinicious anemia 

It IS not possible to coiieludo that the hepatic and liacteiial substances 
responsible for the actiiitj in olucks arc identical iiitli the classic aiitipcrnicioiis 
anemia faotoi, since the so called refined liici estiacts used as iiell as the 
bacterial concentrates, aie iclatiielj ciiide mateiials The uearlj maiumal 
retieulocjte response to coiicentiate I oicuriod on the tenth da\ iiliile the 
patient gneii the iieakei concentiate (II) had a submaximal reticulooite 
response on the seientli daj With liici cxtiacts of such potenej (10 and 2 5 to 
I units per cubic centimotei lespcctiieh) a peak leticuloejte response iiould 
hare been e\pected eailiei than octiiried in the fiist case Houeiei the 
apparent delaj in the leticulocitc response mas base been due to the 
ICC} critical state and the adiaiieed a„c (90 leais) of the patient On the 
other hand, the delaj might leilcct a diffeieiice in tlie late of utilization of the 
active principles of liver extract and the animal piotem factoi concentiite 
Whether the second small leticulocjte lesponse that followed tlie adminis 
tration of the 10 unit livei extract to patient L G indicates that the In ei 
extract was moie effective than the aiiimil protein iactoi coiicentiato is difficult 
to determine, since to permit subsidence of leticulocvtosis the patient was 
wathout theiapv foi nine dajs after the coiiise of animal piotem factoi eon 
centrato was concluded In anj event the animal piotem factoi concentrate 
given parenterallj produced an almost theoieticallv maximal leticuloejte 
response and an incicase ni the levels of cijthrocjtes leucocjtes platelets 
and liemoglobm, in addition to causing satisfactory clinical improvement 

Coneeivablj, the bacteiial extiact contains forms oi complexes of the 
aatipeinicious anemia factor that aie utilized bv the duel as souices of animal 
protein factoi activitj but aie less clfcctivelv utilized hv tho human patient 
as sources of antipermoious anemia faetoi actixitj 



864 STOKSrAD, inOE, JK , PIPRCE, I-RANKLIN, jukes, HLINLE, EPSTEIN, and 

111 the second patient the leticulocytes failed to attain a theoietiulh 
maMmal le\el, but theie, also, theie was lapid iiiipiovemeiit iii the le\els of 
eiN throe vtes, leucocytes, and hemoglobin, in addition to a satisfaetoi} elmiial 
lesponse 

These findings show that a conceiitiate piepaied fiom a bacterial filtrate 
contains a substance capable of pioducing an hematologic and clinical lespoiise 
ill peinicious anemia Wliethei the substance is identical with tlie anti 
pernicious anemia faetoi oi the lecenth isolated vitamin Bjo “ shown to be 
actiie 111 peinicious anemia cannot be decided at this time 

SUJIM VRY 

Coneentiates of inici obiologically pioduced mateiial, highh aetne as a 
souice of the animal piotein tactoi, as measiiied by assay with clucks, were 
shovui to be effective, uhen given iiaienteially, in pioducing an hematopoietic 
lesponse in peinicious anemia 
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lxperimental and clinical studies op neoheteamine 

A NEW ANTIHISTAMINIC AGENT 

SiDNEi PrICDL.IE'IDER M D vnd Vixx S Fkieduiender, JI D 
Detroit, AFich 

^EOHETR\JIINE is one of a new ^loiip of sjutlictic antihistamimc agents 
1 N found to pioduce symptomatic henofit in ceitain allei^ic states It is the 
metho\} dematue of an eaihei piepaiatioii, Hetramine ^ and is the pyiimidme 
isostere of aiiothei potent antiliist nninie diu^,, Ncoanteioan 


IL,CO<^ 


H C— N 



HCl 


2 (N dimethjlammoethjl N p metho\ybcn/yl) aminopyiimidme 
monohjdiochlondc (Mcohtti amine) 


The picsent report deals with the antihistamimc and antianaphj lactic 
properties of Neohetiamine as determined in the intact guinea pig as well as the 
c inical results obser\ed in a large group of patients with vaiious allergic syu 
uiomes • 

EXPERIMENT \L 

^^ntihista7nimc Effect tn G^iinea Ptgs {Table /) — Antihistamimc actnitj 
detti mined bj ti eating guinea pigs wath Neohetramine fifteen to twenty 
minutes prior to a to\ic dose of histamine 0 4 mg per kilogram of histamine, 
ra ciliated in terms of the base was found to be unifonnly fatal when injected 
into the penile \eins of untieated guinea pigs All animals which received 5 mg 
per kilogiam of Neohetiamine intrapentonealh pnor to this shocking dose of 
istannne lived, while 50 pei cent of tliose ticated with 1 0 mg per kilogram of 
e drug suivived this oidmanlj lethal dose of histamine 

Effect ni the Guinea Pig {Table II) — Guinea pigs 400 to 
^l ams in weight, wcie sensitized by tlic subcutaneous injection of 01 cc 

cine. Departments of Bactcriolog> and Medicine VVa>ne Uni\ersltj College of ilcdl 

Vlded bj a grant from \cpera Clieniical Company Inc. Vonkers N \ 

UMelved for publication April 20 1948 

Co Inn supplied b> the Department of Mcllcnl Research Nepera Chemical 

tinU ]y now distributed by VV>ttli Incorporated Philadelphia Pu, 
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FRIEDLAENDFR AND FRIEDLAENDER 


TiBLE I PlOTECTIVE ACTION OB NEOIIETRAMINE IN HlST\MINE SHOCK 


NUMLLP OF GUI^EV 

FIGS 

NEO]IETr\MINC 

(mg /kg ip) 

HISTVMINE 
(MG /KG I V) 

PLr tEM 
SUt\lV\L 

15 

None (control) 

04 

0 

8 

1 0 

04 

oO 

10 

30 

04 

40 

15 

50 

04 

100 


of hoi&e seium and weie "iven a challenging dose of 0 5 ec in a penile icm 
twelve days latei Piotection against fatal anaplij lactic shock was deteummil 
bv giMiig Neoheti amine intiapeiitoneallj' fifteen to tw'entv minutes prioi to tie 
shocking dose of antigen All iinticated contiols died in tjpical aiiaplulactie 
shock Seven out of ten animals which lecencd 3 0 mg pei kilogiaiii of Xco- 
heti amine Ined, while onlj'- foiii out of ten of those pieticated with 10 nn,' iw 
kilogiam of the ding suivivcd All guinea pigs leceiving 01 mg pei laloguni 
of Neoheti amine died 


Tvbie II 

Protective Action op NEOiiETrAAiixE is 

Anapiiai \ctic Shock 

- •“ 

NUMBLU 01 rUINEV 

PIGS 

NEOHETI AMINE 
(itr /KG I p ) 

FTP CEAI 
SCRM' 

^ — 

14 

10 

10 

10 


None (control) 

0 1 

1 0 

30 

0 

0 

40 

70 



CLINICAL 

Dosage and Toxicity — Clinical experience w’lth 
that symptomatic benefit, if it occuiied, would become evicleiit wi ™ 
minutes aftei ingestion of tlie ding and last foi seveial horns 
weie iiisti noted to take the ding at torn- to si\-hoiii intenals, )u 
stances it was found neeessaiy to use the ding iiioie fieiiucn ' > 
contiol symptoms Those with pei iodic difficulty weie advised to j^tcr 

only when SA'iiiptoms occuiied Initially 50 mg doses w'cie Joie 

Aveie mcieased to 100 mg if clinical benefit wms not evident >e ° 
foi most adults wms found to be 100 mg , while 50 mg doses wwe 
good lesults in childien 6 to 12 yeais of age Piopoitionate a snia 
w ere used in youngei childien that seen"’*'' 

The incidence of side action fiom Neoheti amine Avas less than 
othei antihistaminic dings pievioiislj studied ’ Seveial 
Avho piCAioiisly Aveie found unable to toleiate iiitt V®®' 

able to take clinically eftectiye doses of Neoheti amine Avithout o 
140 patients avIio Aveie giyen Ncohetiainine, only seventeen ( - I ^^^^^,,,,10101 
plained of side effects DioAvsmcss, Avhicli is the most patients, fi'*- 

untOAvaid leaction fiom antihistaminic diugs, Avas noted bj ^gitigo, 
otheis lepoited gastiointestinal nutation, thiee p, ui itis I”'"’ 

one patient each expeiienced Aveakness, tmnitis, diplopm, a tosK-h' 

instance Avas the side action of a severe degiee Evidence 0 
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detei nulled b\ repeated biood counts and urine examinations was not cncoun 
teied in those usin^ tlie diiio oxer lon»,ei peiiods of time Peiiodic examinations 
in foul patients who receued an axenge dose of 200 mg daih foi six months 
showed no abnoumlities in mine oi blood count 

i:>y)ni)tomaUc Effect {Table III) — Ncohetiamine was used in 140 patients 
with one oi moie of the following alleigic complaints seasonal hax fe\ei non 
seasonal allei gie ihiiiitis uiticana and aiigioiieiuotic edema asthma alleigic 


Tuile III CLiMr\L Krsi lts With 'Xcoiietp \mive 



VI MBFl 1 

1 HELPED ' 

NOT 

HELPED 

CONDITION TrEVTEU 

C VSES 1 

1 M \IUCR 

1 PER CEVT 

\riiBEr 

) PEE CENT 

Bronchial asthma 

40 

11 

27 50 

29 

72 50 

Vasomotor rlunitis 

50 

2C 

o2 00 

-4 

4S 00 

Hay fever 

58 

37 

03 S2 

21 

''0 IS 

Urticarn 

\cuto 

G 

0 

100 0 

0 

00 

Chronic 

4 

<> 

50 0 

2 

oO 0 

Dennatitis 

Vtopic 

a 

0 

on 

3 

ion 0 

Contact 

o 

1 

50 0 

1 

50 0 

Unclassified 

4 

3 


1 

2)0 

tllergic headache 

a 

0 

00 

3 

100 0 

Allerpo conjunctivitis 

1 

0 

00 

1 

100 0 


deimatitis headache and coiijunctuitis Thiitx of these subiects had two 
^dlergic s^ndiomes such as ihiiiitis and asthnn oi hax fexer and urticaiia and 
^nice the effect of Ncohetiamine on each was not necessarilv the same in that 
patient each sjmptom is listed sepaiateh in the occompaiiMiig table 

Seasonal Hay Eeiet A beneficial effect on ihinonhca itching and sneez 
nig was seen in 64 pei cent of pitiuits with acute liax fexer due to pollen oi 
fungus spoies In common with othei antiliistamnnc diugs the lelief folloxving 
each dose was slight in some instances and maikcd in othei s l)ut seldom com 
plete The maiix factois xvhich influence sxmptoms in hax fexei also affect the 
response to these dings Benefit is usuallx moie exident eailx m the pollen 
season and on dajs when pollen oi mold coiicciitiation is loxv In general pa 
tients x\ith mild symptoms, oi those xvith some degree of immunitj through 
desensitizatioii theiap> obtain moie lelief than those with sexere symptoms 
AUeigic EhxjiiUs Honseasonal Fiftx two pei cent of this gioup obtained 
‘’Onie symptomatic benefit from the dtug Rhinoiihea and sneezing xxeie usuallx 
more faxoiablx affected than nasal blocl mg 

Ui'ticatia and Angioueunottc Ideiiia Rclatixclx few of these cases are in 
eluded 111 this senes In six patients xxnth acute lutieaiia maiked symptomatic 
action x\as appaieiit folloxving the use oi Ncohetiamine Two patients xvith 
chionic uiticana weie consistontlx relieved bx the diug while two otlieis failed 
to obtain any appieciable help 

A'itJivia Appioxmiatclx 27 jiti tent ot isthimtic patients lepoited some 
help fiom the use of the diUo Tiic degice of benefit in these pitients m oiu 
opinion, was not stiil mg 
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Miscellaneous The chug was occasionally helpful in alleviating the piuntb 
associated with alleigic deimatoses Tluee patients with headache and one mth 
conjunctivitis, all of alleigic etiology, weie not reheved by the diiig 

coaijient 

Neoheti amine conipaies favoiably ivith othei sjmthetie aiitihistamimc dniss 
pievioiisly studied While antihistaminie and antianaphylactic actuities as 
demonstrated in the intact guinea pig aie somewhat less than those determmol 
foi seieial othei dings of this senes, its symptomatic action in alleigic dates 
IS appioximately ecpiualent to othei compounds vhen emplojed m the optimum 
dosage of 100 niilligiams® A decided advantage which Neohetiamme enjmsb 
the lelatice fieedom fiom seveie side effects accompanving its use It appears 
to he especially indicated in those patients who aie toiind to ha\e a low tolerance 
foi othei antihistaminie dings 

Expel lence with antihistaminie theiapy has shown a lathei wide indirahial 
caiiatioii in the clinical lesponse to these compounds A tiial of seveial drugs m 
the same patient fieqiiently will leveal one which is paiticiilailj eftectnean 
veil toleiated The incidence of symptomatic benefit fiom such medicatioins 
theiefore inci eased by the availability of the newei membeis of thisgioupoi 
sjnthetic compounds Oui clinical cxpeiience would indicate that Neohetianunc 
IS a valuable addition to this giowing list of antialleigic agents It uuid. » 
couise, be lemembeied that antihistaminie cliugs are pin civ palhatne m 
tion and denioustiate no cuiative action in allergic disease 


SUJlSrARY 

Neohetiamme, [ 2 -(N-dimeth 3 laminoethyl-N-p-methoxybenzyl) annnopi ^ 

idiiie monohydiochloiide], pi evented fatal shock fiom intravenous ustanu^^^^^^ 
the intact guinea pig A similar protective action was denionstiated lu 
pig anaphylaxis ^ ^ 

Oial admniistiation of the ding aftoided symptomatic lehef 
tients with seasonal and nonseasonal alleigic ihinitis, allergic 
asthma, iiiticaiia and angioneuiotic edema 

A lelatively low meidence of side effects occimed with otPer 

heti amine It was found paitieiilaily useful m patients unable to o e 
antihistaminie diiigs 
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TRICHOSTRONG\LUS INPLCTJON IN 1IU'\LVN BEINGS NEED OF 
DIFFERENTIATION FROM IIOOKWOR^^I 


Leowrd C E\ \nder M D v\d M^ii lmm M Do\if 
Lockpoi 1 N \ 

I N 1916 Ransom,^ ui discussing the tiaiismissibilit^ of ccitain nematode's ot 
runimaiits to man stated that Tiichostion^\lus \\ is not an e\otic foim occiii 
mig 111 remotely distant legions but a paiasite ^vhlcll hid i duect and immc 
diate interest foi Ameiican ph\sKiins Though onh a tew cists of Truho 
stroiiojlus infection in hum m beings ha\c been icpoited iii tlie Vmciican liteia 
ture we belle^e that this is due to a lack of knowledge le^ iidin„ the diffeientiu 
tion of these ova tiom those ot hoolavorm lathei tliaii to the i iiitv ot the in 
feetion In easual examinations ot fcccs Tiuhostiongvhis ova can be and 
probabl} often have been, niistal enlj identified a^. sli^htlj atvpical hooluonii 
ova 

Loos® (1895) was the fii'St to divide TiicliostioiioVlus into foui species 
Jimbo® (1914) undcitook a statistical studj of the spicid of parasitic illness 
among the Japanese till ough feces examinations He found that in Jajian vvheie 
ancylostomiasis is cspccialh pievalent theio were mam ])eople who had a 
peculiar type of Ancylostoma eggs which because of then gieat rcsomblince to 
Ancvlostoma had been unjustly identified as such The specimiiis appealed 
different from those descubed by I oos and therefoie weic named Tntho^tiong 
ylMs orieixtahs Jimbo could not state what pathologic importance these wornLs 
had, but did lecommeiid the use of oleum clieiiopodium as a theiapeutic meas 
ure Sandground* (1936) who Iiad infected himself with Tnehostionglvlus 
larvae to determine then longcvitv found that teti ichloretlivlcne and caihon 
tetrachloride weie ineffective in expelliiio the woims Thcie was no diminution 
in the numbei of eggs after eight and one half veal's In 1938 Schenken and 
Moss’ reported the fiist case ot human infection with T cotuhnfoimis in the 
Western hemispheie They found a siiie,le adult woim in a suinicalh removed 
appendix No definite infoimation could be obtained icgaidiii„ the souice of 
the infection Maplcstone® (1941) found a 9 to 25 pei cent infection i ite m 
India with a 10 pci cent infection rate among 50 Euioiieans He considered 
the recognition of Trichostiongylus important Patients weic often lefeired to 
as suffeian^r fiom incurable hookworm infection because thev were still i)assiii„ 
^ggs after several treatments with iccognizcd efficient hoolworm diugs Be 
cause of failure to lecognize the Cogi* the patients had received thvniol eailion 
tetrachloiide and oil of chcnopodium which do have a ccitam dcgiee of dan„ei 
Tsuchiva and Reller (1945) found liichostrongylus ova m a patient who had 
ivoiked as a faim laboiei in the southern states Thev though it conceivable 
tbit the infection mi^ht have oceiuicd thiouji accidental ingestion of laivae 

trom the Niagra Sanatorium 

HtceUeJ for publication Marcli I 1918 
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abdommil oiimps ind naiibea Theripy is dihcoutmued on the sath dai Pnor to itis 
tieatinent the patient had noted sj mptomatic impiovemcnt Mith the use of hlanil diit aai 
Ainphojel At this time she refused to trj any fuither drugs and u is contmueil on IL 
regimen until discharge on Maj 29, 1947 At the time of discharge there acre occasionj 
loose bouel movements, rare ova of Tiieliostrongylus m the feces, a sedimenhtion nie ci 
30 mm pel hour, two eosmophiles in the diffeiential count, md no evnlente of anc[iu„ 
The sputum had shown few to nianj colonies of acid f ist bacilU during tlie fiire up m Soj 
tembei, 194G, but foi si\ months prior to dischaige ill concentration and culturd euramatuL 
of sputa and gastric lavages had been negative for acid fast bacilli The pulmonan Jism 
appealed aiiested with pneumothorax 

When the ova had been properly identified, the patient’s familv were advi cd to !u« 
a (heckiip Two brothers failed to show any ova on two occasions The patient s mod ti 
however had many Trichostrongjlus ov i in December, 1940, and a few ova and an eo mopblf 
count of seven in Januaij, 1947 The mother reported that she hid alwa)s been m pv’ 
health As far as she could remember she had never had any abnormal bowel mommen!* 
A specimen of the mother’s feces was sent to the Armj Medical School at IVashington, 1) C 
The repoit st ited that Tiichostrongjlus ova were present, again confirming the dngnoi 


COMMENTS 

Detection of the ova of Tiiehostiongyliis is difficult due to the small uunibcr 
usually pieseiit A eoncentiation and IcMtation technique niav he leiium 


(Willis^®) They aie fieciuentl> mistaken by casiidl observei's 


toi tlie ova of 


hookwoim, avhieli they closely lesemble Tiichostioiigylus ova aie 


chaiacteiizeJ 


by a tianspaient shell membiaue which is thickei and moie histious ^ 
of the hookwoim Thejr aie elongated, with the ends moie pomteJ than w 
of the hookwoim, though a gieat numbei will show some lonndmg at oneen 


like a hen s egg (Maplestone) The ova of hoolcwoims average 


about 61 f 


length and 41 p, m width, while those of Tiichostiongyhis aie much 
slightly wider Jimbo found the ova to average 83 to 90 p. m leiioti 
fjL in width, Tsuchiya and Rellei 81 to 97 b\ 40 to 53 p, with an are 
86 bA 43 /c, O’Neal and Magath 76 to 86 by 44 to 47 iiueious ^ 
tient J L in this report averaged 91 /j. in length (range 80 to /j3ijnc8J 
in width (range 41 to 50), and those ot her mother 88 p. m leng ' 
to 98) and 43 p in width (range 40 to 46) The morula stage o 
Ins will show at least sixteen divisions, a somewhat later stage o se,^^ 
than that of hookwoim ova The individual divisions aiy equa ui 
ciiculai, and of a giapelike appearance This is an important ai 
tiation Two laivae were found, measuiing approximately - tlii“> 

and up to 24 p in wndtli Junbo has described the louudvoim from 

delicate, sexuallj divided, of coloiless to giaj -white appearance, i* 

380 to 670 p in length and up to S3 p at its widest portion 

Aecoiding to Ciaig and Faust^^ several hiindied woin^ am seveut' 
provoke marked clinical manifestations Jimbo also notes tia 


houeieh 


latv. 


symptoms will depend on the numbei of parasites Maplestone, 
that as fai as he knows the worms never give use to any I ^tooK, 

Two of O’Neal and Magath ’s patients had inter mittent bloo hUo (pi 

the thud had abdominal ciamps and frequent loose stools „,othci 
tient J L ) 111 onr cases had cliaiihea foi several years whi e le 
symptoms Yet the mothei on occasions showed shower’s o 
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Since so fe^\ cases of huimii Tiieliostioiig3his infection been icpoited 
the mode of infection ls not dcfiniteh knoun CInndlei‘* ])clic\es that the m 
fectiou occurs thiough the ingestion of coiit imiinted vegetable inittei i ithei 
than bj penetration thiougli tlie skin It is possible that ^lazin^ lands ire 
being seeded uitli Cogs, since goats and sheep aie natiiial hosts Koino in 
experiments on mice tiaced the migration of tie lai\ae and tho^ seemed to 
follow the same loute as hookwoini lai\ac He obtained penetntion and mign 
tion to the lungs lioth b^ the oi li loute and thiou^h the skin It would seem 
probable tint human heings could aeqiiiie Tiiehostiongilus infection in tlie 
same mannei as the^ do hool woim 

From all icpoits it appeal's impossible to cndicate tlie Triehostiong\ lus 
inth the usuil anthelmintics As seen fiom picMoiis in\estir,ations and tixmi 
om own effoits the use of oil of (henopodmm tlnmol eiibon Ictiachlonde 
tetrachloreth} Icne, as well as emetine hjdiochloiidc caibaiNone and gentian 
violet IS ineffectue WTicic Tiicliostiongilus lias been mistaken foi hookworm 
the patients ha\e been subjected to needless objectionable and peihaps daiuei 
ous tieatmcnts 

CONCLUSIONS 

Theic arc we realize a numbei of questions lett uninsweied in this lepoit 
Wo do not know how tlic infection was acquiicd ^\e do not Iniow whcthei the 
infection was acquii'od simultaneous!) b\ mothei and daughter oi whether it 
was tiansmitted fiom one to the othei 

We cannot offei anj couise of thciap> foi the ci idication ot Tuchostionf,\ 
lus The usual anthelmintics haic been found ineffectual in the so called m 
cuiable hookwoim infection which maa be a Tiicliastion„\lns infection 

In areas endemic foi hookworm as well as in indwidual cases the o\a of 
hookworm should be carefullj examined and diffeientiated from tlioss ot 
Trichostiongilns A lack of Imowlcdge regaiding the latter led to an oii^mal 
diagnosis of Necatoi amencuniis in our patient If remembered m diffeiential 
diagnosis, howe\ci, the shape lai^ci size and ad\anccd sec,mentation of the 
Tnchostiong>lus ova cannot fail to nttiact the attention of the in\estif, itoi 

The significance of the infection as lelatcel to the futuic health of patients 
can onl) be deteimmed bj piolonged follow up and b\ fnrtlici case leports 

wibh to thank Dr H T uchi>a Washington Umversit> Scliool of 'Medicine St 
Loui i[o and Lt Col G W Hunter ind Mijor H Trauh of the Vrnu iledical School 
Wa.shington D C for checking the nkntitj of the omi and Mr M Dicilnc the Uni\ersit> 
of Buffalo Medical fecliogl, Buffalo N "i for taking the photographs 
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LABORATORY METHODS 


ERITIIROCYTES IN URINAR\ SEDIMENT IDENTiriCATION AND 
NORMAL LnilTS 

With Note o\ thl N vture op Or vnul \r C vsts 

Rodnci C Lvrcom Jk MD \nd George H Cvbter 
Boston ALvss 

A lthough the impoitancc of ci>thioc\tes in the mine has loiv been 
recognized and then signiheance a subject of much discussion theie his 
been little attempt to confiiin tlicii identification The a\eiap:e hborato^^ tech 
nician fads to note the piesciico of icd blood cells unless then number is definiteh 
abo\o the upper limits of noimal* Unfamihantj ^\ith the \aiied foims ot 
crjthiocjtes in uunai’j sediments, ciuson c\aminations and inadequate tech 
Rique arc the mam leisoiis foi tins tadme \ddis noted that caie \\as iicces 
to a\oid passing o\ci fiignuntcd or paitialh hsed cells ^^hich nn^ cast 
onlj famt shadows The impoitancc of the piohltni is empliasized in a 2 per 
cent mcideiice of Iicmatuiia m 20000 consceutue patients in clinic piactice® 
and a 10 pei cent occuueiice of el\thloc^tcs in uiinan sediments e\aimiied in 
our laboiatorj 

Two appioaeheb ha^e been used in this countn to aid detection and to cope 
'Mth the pioblem of identification (1) the quantitative work of Addis and (2) 
tests for liemoglobin and iclatcd substances utibzing benzidine or oithotohdino 
The first technique is tedious and iiiconvenicut foi clinical use wlule in the 
second the leagents mav leact with inteifeiiii„ substances and do not morphologi 
call} identif} ei-ithiocvtcs Awaic of the confusing variations in size shape 
and optical density of eijthiocjtcs in the uiinarv sediment and of the responsi 
bihty of even an experienced technician for eoirect identification we have 
modified a tissue stain* which appears to be specific for red blood cells 

Stock solutions 

10 per cent aqueous solution of benzidine h} diocliloride 
(Merck) 

2 0 per cent aqueous solution of sodium nitroprusside 
30 0 pei cent hydrOoCn peioxide (supeioxol) 

The benzidine and nitiopiusside solutions keep from four to 
five months in brown bottles if not exposed to diicct 
sunlight 

Prom the Medical Department. John Hancock Mutual Life Insurance Companj 
Received for publication Feb P 1P48 
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Woiking solutions 

A 0 1 pel cent benzidine in 0 2 pei cent nitiopiusside 
1 c c of the 1 0 pel cent aqueous solution of benzidine 
(stock) IS diluted to 6 to 7 cc with distilled natei 
1 c c of the 2 0 pel cent aqueous solution of sodium nitio 
piusside (stock) is added and then distilled water to 
10 c e 

This solution is stable foi about two iveelis, it should be 
discaided as soon as a piecipitate is foimed 
B 3 0 pel 'Cent hydiogen peroxide 

1 c c of supeioxol IS made up to 10 c c ivith distilled watei 
This solution deteiioiates in fiom thiee to foiii days 

TECHNIQUE 

A dlop of sediment is placed on a slide and a diop of benzidine lutroprus 
side solution is added Thoioiigli mixing is accomplished by tilting the slide or 
by stilling ivith the eo\ei glass A diop of dilute peioxide solution is then 
added and cai efully mixed 

Sediments of alkaline specimens, which do not stain leadily, may be heat 
within the tip of the eentiifuge tube with 1 oi 2 diops of 10 pei cent nitric aci 
to destroy the ci j stals and lower the pH In our experience this has not caiisc 
hemolysis of led cells, probably because of the fixing piopeity of uinie an 
presence of basic salts Aften three washings with 0 9 pei cent saline 
these sediments gi\e results comparable to those attained m acid uinies n' 
specimens of a high specific gravity, especially those containing piescna 
may react slowly to the stain, and should stand five to eight minutes 
examination Washing three times with 0 9 pei cent saline solution s 
accelerate staining 

RESULTS 

The eiythiocjtes are stained a deep blue-purple This color nia} 
even a light blue if the cell has deteriorated Some cells wU 
deep blue punctate granules Suspensions of yeast cells m noima ^ 

than twenty-foiii hours old may show a slight blue-green 
not confused ivith the deeper color and less refiactrve appearance o 
eiythiocytes, while those over twenty-four hours old have no a 
stain Leucocytes may take a pale-gray appearance m the cr 
slightly dark and iiiegulai staining of the nucleus No cash 

obseired in the cvtoplasnr of white blood cells oi epithelial cel s 
do not take the stam The granules of fine and eoaise giaiiulai ca^ 
deep bluish-purple hue of stained eiythiocytes The led blood ce ® ° jq tb’ 
similarly to those free in solution Fungi and spores show liaid'® 

stain * Pollen, diatoms, piostatic bodies, and other elements o 
affinity foi the stain i 

T fnr submittins 

•We are indebted to Ur Robeit K Steffa Waterloo la tor 
of fungi and three strains of yeast. 
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^ Suspension of >east and red cells 
tana few red cells) stained and unstained 


cells stained Note \anable 
stained D Composite print 


decree of stain 
Granular costs 


STilNlNO REVCTIOV 

Since this stain seeiiis to ha\e a specificity foi red lilood cells the probable 
Mte of action is hemoglobin oi one of its hciiic deii\ati\es Benzidine and o\idiz 
doCnts siieli as hjdiogeu peioxide icact iMth acid solutions of heniOclobiu to 
produce a blue coloi \^hlch accoiding to Wii ® is e\aeth piopoitional to tlie 
amount of hemoglolnn piesent Bmg and Bakei" considei this a pseiidoptr 
o\idase leaetion Benzidine and JiAdiogen pero\idc icact slowly witli intact 
led cells in the luine to pioducc after some time a faint bine color Sodium 
Uitiopuisside greatly ineieases the speed and intensifies the coloi of the reaction 
The meclianisiu of this icaction IS \el^ complex It is known howc\oi tint 
‘^hitioiis of benzidine sulijected to nascent ox\^en oi sodium feiiieyaiiide 
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lapidly foim a deep blue piecipitate Solutions of benzidine and sodium nitia- 
piusside fonn a siinilai piecipitate only aftei standing foi dais Beiizidmc.j 
fundamental dyestuff, is attached to the piotein of led cells Hemoglolim coo 
taming feiious non (Fe^'*') is oxidized to methenioglobin containing feme imo 
(jre+ + +) jjy hydiogen peioxide' The nitiopiiisside might leact b\ foiramja 
coloied iion-cyanide compound oi altei the leaction bi its iiitio gioup Sum 
we obtained no lesults undei the conditions of oui stain snbstitutuig sodram 
feiiicyanide, sodium feiiocjmnide, oi mtiites, it appears that nitiopiusside mat 
be a catalyst 

Because of these findings we feel that benzidine may be an indicatoi of an 
oxidation-i eduction system® which lesiilts in the oxidation of benzidine and t!ic 
development of a deep blue coloi The nitiopiusside may act as a eatahst 


DISCUSSION 

Identification — hlost effoits at identifying blood in the urine liaie ten 
diiected toward the development ot color tests for hemoglohm and lelatid 
substances Benzidine,” tolidine,“ and oithotolidme’ “ have been used as the 
reagents These substances vaiv in then reactions vith the pH of the urine, 
ascorbic acid level, presence of iodides and bromides, yeast oi pus cells 
Some investigators' " hare correlated the color reactions vith (luantitatiR 
eijdhiocyte counts of uiinaiT sediments and claim that positive results occur 
only ill the presence of a significant number of red blood cells Otheis 01 ° 
find this cor relation Endtz'® has identified erythrocytes m the uiinaij sc ^ 
ment utilizing a benzidine stain We found this tecliniciiie to be 
and to gne less intense color than the beiizidine-nitiopiusside 
common practice of producing hemolysis oi red blood cells br the a i' 
acetic acid to the sediment is unreliable, paiticiilaily ni specimens 
pi esei\atives 


coiitamiof 


To corroborate the varied appearance of red cells observed 111 


submitted 

specimens, samples of normal blood weie suspended m vaiyni!? 
of sodium chloride with specific gravities of 1004 to 1 040 with an , 

: solutions suhstantw 


preservative tablets *' Studies of the sediments tiom these i 


led blood cells 111 


our opinion of a great variation in size and appearance of Tbi 

urine specimens of difteient specific gravities and salt conceii la 
sediments from suspensions containing the preservative tablet ha a 
stant form of eiythiocyte than those without the preservative ta e 
the tablet liberates formaldehyde in solution, no inhibiting leao 
stain was observed The buffer and slight acidifying effect 0 
tablet creates a condition favorable to staining 

Of particular interest was tlie finding tliat the granules rell dela*^ 

gianulai easts stain the same dark bluish-prn pie ot red oelB an to 

which vas found 111 the sediment of red cell suspensions This v 


•Prepnatue tablet No 4 Metropolitan Life Insuranre Co"mi”pin «odiuni 
mg potassium acid phosphate sodium benzoate benzoic acid urouoe 
mei curie oxide red 
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mdioatc that the gnnules are pai tides of led blood cells ^vhlch ha^e been 
destio\cd 111 the kidne\ and ineoipoiattd m tlie substmee of the cast This 
helps to explain the moie seuoiis implication of „iamilar casts 

The efficac} of ^aIlous piesei\ati\e inateiinls was e\aluated piepanng 
suspensions of led cells 111 uiine with j)iesei\ati\e tablet tlmnol toluene cliloio 
form boiic acid, and foiinaldch^ de 'None of these mateiials inhibited the stain 
in^ icaction, but onl\ the toimaldelndc md the piesenatue tablet satisfactoiih 
preserved eivthiocjtes Pioin oui suspension of eijthiocjtes in urine with one 
pieseivatne tablet pei ounce we obtiiiiitd 100 pei cent leeovciv of red blood 
cells even aftei seventy two horns This ls „icatei tlian the ^)0 to 80 pei cent 
lecoveiv estimated bv some iinestuatoi*s * We have obtained identical counts 
pei hi^hpowei field iiid have had positive staining, leactions on specimens that 
have stood at room tcmpei iture foi as IoiIq as foui to five months Theie must 
be some bieahdown of led cells in the kidiiev howcvoi as oui findings on the 
nature of the gianules of oianular easts suggest 

Nonnal LximU — ^AVe weie fuithei interested in dcteiminm„ the niimbei of 
led blood cells in the uimaiv stdimcnt that mav lie considcied within noimal 
limits Since the iiiajoiitv ot unnal\scs au on snule voided specimens we 
endeavored to coiiclate the lesults of ((uantitatne studiu> with those tint mi^lit 
be expected on sediments fiom landoin specimens It would appeii that a 
noinial individual mav excrete as mam as 600 000 icd blood cells pei twelve 
boui pciiod ^ Tins numbei of civtluocvtcs suspended in 300 e c of urine 
the aveiage twelve houi output ot the quantitative studies gave about 2 red 
blood cells pel high powci field by oui standaid teelmique This teehmque con 
ii&ts of centiifugation of 15 ce of uunc at 2 000 levolutions per minute foi 
fi'e minutes and examination of twuitv high powei fields of a drop of sediment 
placed beneath a % “ich covei slip \Ithough the findings of single voided 
specimens maj varjd'* it would appeal that the icpeated presence of moie than 
2 red blood cells per high powei field in the ccntiifuged sediment mav indicate 
an incicased loss of eivtliroc>tts from one of tlie manv sources of occult bleeding 
in the urinai> tract This estimate is suppoited bv the laboiatoiv findings m 
3,000 consecutive single voided specimens fiom vouiif, men aiiphmg foi emplov 
nient In this sciics 2 484 speeimciis wcie negative foi ervtliroevtes In sixtv 
instances oi onlj 2 0 pci cent the specimens contained 2 to 3 led blood cells 
P^r high powei field and onlj tweiitv thiee samples oi 7 pei cent contained 
■1 to 5 led i)lood cells pei high iiowei field These values support oiu findings on 
the coiielation of quantitative studies that the repeated excietion of moie than 
- red blood cells pei high powei field mav be significant 

The count pci hip,h powei field obtained bv adding the staining solutions to 
the sediment diiectlv upon a slide is lowei thm tliat of in untitatcd sediment 
To avoid dilution the lear^uits mav be added to the sediment witlim tlie tip of 
the oentiifuge tube caiefiilh mixed leccntiifuged and the supciintant lluid 
decanted Tlic sediment thus jnepaied will have appioxinntelv tlic oiir^inal 
dispersion of led lilood cells In peifoimmg qinntmtive counts the staining 
Solution niaj be used in diluting to the desired volume m tlie Addis ccntiifUoe 
tube 
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SUMMARA 

A benzidine-nitiopiu&side stain toi eiythiocytes in the iiiinai) sediment b 
deseiibed which mg belie\e to be specific toi led blood cells and tiagments 
theieof With this technique the led blood cells stain a deep blue pin pie and are 
easily distmouished fiom contaniinants and otliei foimed elements of mine 
The stain is based upon the pseudopei oxidase leaction of lienioglolim aiul 
benaidme The nitiopiusside may act as a catalj'st 

The giaiiules of fine and coaise gianulai casts take on the same bhiisli piiiple 
stain This finding suggests fiagnients ot led blood cells as the oiigiii of the 
gianulos and helps explain the nioie seiious implication of giaiuilai casts 
Ell till ocj tes maj'’ occui in the uiiiiaiy sediment of noimal indniduabup 
to appioximately 2 pei high-ponei field This le%el, deteiiiinied by a comeisiou 
ot the lesults of quantitative studies to the methods employed m anahzinj 
single specimens, is supported b-y the lesults of oui findings in 3,000 consccutne 
uiinalyses in young men applying foi emplojinent In this series, onh 1-pir 
cent of specimens contained moie than 2 led blood cells pei highponei field 
The pieseivative tablet and foimaldehyde aie efficient agents foi tliepres-'' 
\ation of eiythiocytes Thymol, toluene, cliloiofoini, and hone acid aie no 
satisfactoij None of these substances inteifeie with the stam foi c 
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THE SPECTROPHOTOilDTRIC OETCRHINATION OP BLOOD pH 


Robert C Rutlcdcp, Jn D 
St Louis, llo 

P ROBABLY the most fiequeiitlj used methods foi tlie dtteimmatioii of blood 
pH are those of Hastings and SLndio\ * II lu-l^ins ^ and Shock and Hastings ^ 
In recent jears the electiometnc dLleiminntion of pH has been biought to a 
high degice of acemaej imdci ceilain i\cll conti oiled conditions cspecialh 
^u^s* Howevei for puiposes of clmical leseaich tlie pieceding Msual 
coloiimetric methods usually aie conaideied adequate Theie is one diawbacl 
ivhich detracts tiom then usefulness — the ohstnei must bt expeiienccd in 
the Msual matehiiig of coloi’s While this usualh is not difficult \\ith noimal 
oleai serum or plasma, slight amounts of hemohsis lipemia oi bilnubnumia 
often confuse the ine\peucncod obsener In addition theic aie certain in 
dnzduals who ha\e greit difficult m distinguishing the difference bctwein 
densitj and hue of color 

It was with these difficulties in mind that an objeotue spcctiojiliotometiic 
nicthod of deteimining blood pH was sought for Evehn lias desciibcd sucli a 
method but tlieie is no teclinical pioMsion foi compaiison witli othei methods 
Therefoie it was decided to apph spectrophotometiic measuicmcnts to the 
method of Hastings and Scndioj‘ in such a manner that comparison with the 
Msual method could be made ou the same sample 

The principle ot this method depends on the fact that the coloi of tlie 
indicator, phenol itd, is different in acid and alkaline solutions Vt a guen pH 
the relative amounts of these two coloi's detciinme the final color of tlie solution 
These two colors absoib liglit of widely diffeient wave lengths and can bo 
measured nidependentlj m the same solution with a suitable spectropiiotometer 
Smee the lelative amounts of these two coloi's aie dependent upon pH tht 
measuiement of these amounts constitutes an indirect incasuicment of pH 

Reagents — The leagents aic those of Hastings and Sendioj Detailed 
directions for then pieparation aie given elsewhere * 

■Proecdute— Foui nullihteis of the adjusted dje saline mixture are placed 
m a eolonnietei tube and covered vvith a small amount of paraffin oil Two 
tenths miUilitei of seiura oi 0 4 ml of blood aie then added and the mixtuie 
is stiircd gentJj with a glass lod In the ease of blood the tube is centrifuged 
to thiovv down the cells The blank is picpaied m a similai fashion sub 
'^titutinp, sdlnie foi dje saline The optical dciisitv ot the sample is deteimined 
wave lengths 565 and 420 m/i after winch the tempeiatuic of the solution 

Is lecorded 

St Department of Pediatrics VVashInffton Unher lly School of Mcdlcmc and tlie 

^ Childrens Hospital 

ItMeUed for publication Mar 10 J918 , 

Icters and Van Sljke Quantltati\o Clinical Clicmlstrj \ol IT p 7JG lOJ 
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Calculation — The latio oi optical density at 565 nifi to optical deiwh al 
420 has been deteimmed foi a nuinbei ot solutions ot known pll (Fig 2) 
Foi eas\ lefeience it is convenient to piepaie such a giaph tioni tlie data sup- 
plied bj E\elvn-' Altei having calculated the latio, lead the pH horn the 
giaph This value is the uncoi reeled pH The tiue pH is obtauiedb,\ applun" 
the tempeiatuie collection® 

Tiue pH = Uncollected pH - (0 42 - 01 T° C) 


ABSORPTION SPECTRA OF PHENOL RED IN ACID AND ALKALI 



Fig 1 


Expel imental — The absoiption spectiuin of phenol le m j 

alkaline solution was deteimmed with the Beckman 
foui miUilitei poition of dye-saline solution iveie added 0 2 m po 


acid 01 alkali The tiansmission of the lesiilting solutions "as 
Aaiious va\e lengths (Fig 1) It is seen that measuicineii s o 


tolon 


-- - — — 1 IP 

aie best taken at wai e lengths 565 and 420 ni/x to avoid un the 

In oidei to check the data supplied by Eveljn foi Sonii^a 


latio ot optical densities in dilute solutions of phenol led, a adja^**^ 

M/15 phosphate biiffeis was piepaied,* the pH benig g s^iliiie 

eleetiometiicallj To loin millilitei poitions of the adjns e oi 

tion weie added 0 2 ml poitions ot the buffei The at 3s *- 

lesulting solutions weie deteimmed at wa^e lengths 56o an 


Bj Mr J Earle Adler 
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Thr* ratio of the dujsities plottc^I a^iinst pH resukm^ m tlit tune shown 
m Flo 2 Ab w IS expected when lo^ ratio was plotted a;«dinst pll a stiai^ht 
line resulted These data aie in ^ood a^ieement witli tlie data ot E\el\^l 

To coinpaie the Msiial with the sjKctiophotometnc method the pH stand 
ards described h> HastnioS and Sendiov wtie pitpaud To insuie stahiiits these 
standards were pixpared m sodium boiate and bone acid instead of In diochlonc 
acid and sodium Indrovide Test tubes ot the same sa^t weit selected for ase 
m the Coleman Junior spectiophotometer The eompiiLson was made as lol 
loirs To four milliliters ot adjasted die saline solution in a colorimeter tube 
were added 0 2 ml of scrum The usual blank was prepared ind the tubes were 
wanned to 39° C , aftci which compinson wo-s made u ith the i isiial stand iids 



—The relation betne-en pH and the ratio of the optical dcnsUlea at wa'vc lengths C5 
□nd t *’0 milUnacronif 

Tile tulles were then allowed to cool to room temperatuie ind were placed m the 
‘'Pectrophotonveter where the optical densities at 56o and 420 nip were de 
leiinintd The ratio of optical densities was calculated the corresponding pll 
Had off the ^raph, and the tenipeiatiue eoiieetion applied The sera used wcic 
taken irom both normal and pathologic subjects The comparison ot the two 
methods is seen ju Table I alon^ wnth othci pertinent data In some cases two 
at nioie obseners participated in the usual compaiison These data indicate 
that the specti-opholomctiic method is at least as acceptable as the eisual In 
"ddition there is the added adtanta„e tliat the personal enor inherent m the 


884 


RUTLEDGE, JR 


o B rs 


g g J com 
ei S O 


iH lO CO O CO CO PO b- 
m <M m 01 T-i r-i CO 01 


_ ^ CO CO 

^ g oo 


i-l(MC'l<*‘lrHtHr-IO-tHMOOlOO^H 

oooooooooooooooo 


1-1 

I'- b- b» 


mm m -jii-imrjioirHmb-mco'^mi^'^'T’ 


^ W ^ CO CO 

^ Eh tu lO m 

o o CL 

CJ f,i *-^ !>• t- 


i- 1- 1- 1' t- 1- 1- 1- >> ^ 


loooooooinooooooo 


, V . fi 

» bn _ CO -t< 

3 g B oo 

jj O B. t- 

P a 


o m o 

i—t r-l 

C 2 


§ggEgssges^§s?oS 


- H ,-- WCOO>^^rHOOgOOOO 

cocr ' m - i < cococococor - i »^»2 

i - HOi - ir -( OOrH 01 i -< rHrHr - lr^rH 


3 - 

J C 

P n 

O Q II 


oo-t(ococ>jjj-o£j| 2 §oiinoco 

COCOOCOb- 2 SE^Hi^WWOlCa 03 

( MC 4 Ca < MC < J ' MtHr - lrH 03 C ^'*'« 


a . 

p 3 

Eh b- 
S gg coco 

&§ li 


O oiSojoiSScoo^gjgggZjS 

§ ^ ®5 £2 2 m S CO CO CO fO 

m cOOlCOCOOlr - JCO -^ COOi-r 


■ L 3 -U 

U CO O CQ 
^(0^0 
^ -W ^ -M 

(O - 4 ^ 03 

^ C 3 O d « 

Eh d ^ B B 

O d 3 S 

g “ 
g 


'm'“ s'i's'i'S'o s 
'i'«'« 1 Pg'^s 


■||::l5flllll|Hi|HHI 

f-> cJ o c3 t> C'z d 3?lo o®.®t3 

l|-|-|ll£|&e£a&££SS 

.-l(M CO -l<inOl~a)05gr;jCTCO^JO»;^,H 


Because of tUc normal CO content it ^^ onld seem tlint tbc \alue 7 15 Is the more ncarl> correct 




SPECTROPIIOTOMETRIC DCTERMIN VTIOV OF DLOOD PH 


885 


Visual method is eliminated and this at the slioht e\pciise of tlic preparation 
of a giaph and the selection of several coloiunetei tubes Ho\vc\ei, the eirors 
of the coloiimetric nictliod per sc are retained 


SUMil UtY 

An objectue speetiophotometiie method toi the deteimination of blood 
pH IS described V compaiison of the msiuI and spectiophotometric methods is 
presented slioiMOo an average diffeience of between 01 and 02 pH units 

Cnttful acl non lodgement is made to Dr \le\ia F Hartnnnu for advice and criticism 
during the course of this work and in the preparation of this paper 
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A MICEOMETPIOD FOR THE DETERMINATION OP SERUM 
STREPTOMYCIN LEVELS’^ 

Andrew D Hunt, Jr , M D , and M^vr\ B Fell, B S 
Philadelphia, Pa 

MICROMETHOD foi the assay of stieptomycm in whole blood has ktn 
- _ desciibed by Poigacs and Knceia^ using agai plates seeded i\itli a \ariaut 
stiain ot Bacillus subtihs, Cohn emend Piasinoivski , blood leiels aie estiiiiatiM 
tiom the zones ot inhibition pioduced bj" 01 ml aliquots ot oxalated Woo 
Although it IS a inieiotechnique foi each deteimniatioii, the constiuction oi 
standaid cuives lequiies laigei amounts of blood Individual blood i 
eiasies lequne that a sepaiate standaid eui\e be constnicted ioi each paUciit- 


A 


Purtheimoie, aecuraej’^ in the method leqniies maintenance 


of a uiiitoim distn 


bution of cells duiiug the entiie pioceduic, ivhieh is veiA difficut ui )00^ 
Mith low hematociit values and elevated sedimentation lates Since stiep o 
cm does not entei the cells- and since the just mentioned diffieii ties seOT 
stem fiom the piesenee of cells, it seemed desuable to modifi 
use with seium alone Because of the deci eased lariables it was tioiio^^ 
one mastei standaid euive might be geneially applicable The o owuio 
nique w'as theiefoie developed 

Pieiiaiatian of the Standaid Cwve — The seium from 12 nil 
lequiied to deteimme the thiiteen points on the cune Final conceii . 

2, 3, 4, 5, 6 7, 8, 10, 15, 20, 25, and 35 /ig of stieptomycm weie F 
desciibed by Foigaes and Kueeia,^ wuth the exception tna , 33 m the 

stituted foi oxalated Wood Agai plates weie seeded wuth B su ^ 

oiiginal method^ The seium-stieptomycm mixtuie was meiiisLUs 

ml seiologic pipette with the aid of a Guthiie pipette contiol m fjieful 

was loweied to one of the giaduations, and the tip wms wipec ci pipette tip 
tinning ot the pipette contiollei seiew', 01 ml wms foiced lU, 

and touched to the agai plate wdiicli was i esting on a level sin ^ 

lepeated on each of fiie plates Theie is space on each plate Tb 

that each set of five plates was used toi tom diffeient concen 


plates w'ere incubated overnight at 30° C 


inhibition w'eie then lead with a millimetei lule The mean 


The diameteis of 


of the : 


foi each concentiation was lecoided This pioceduie w'as jilottol 

mdi\idual seia The mean value loi each point was oitanie 
against miciogiams of stieptomycm, as shown m Fig 1 ’ 

The statistical data aie listed m Table I At only F'O U outside d-c 
and 15 /tg pei millilitei, did the numbei ot obseivations t 

From The Children s Hospital of Philadelphia (Department 
PcnnstUania School of Medicine) U a 

Reccued for publication Mii 18 1318 contract " a*' 

•The studies described in this papei ttere conducted “U, Yicnal 
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fob* lined fioni Himei and Amend New Vork N 1 
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range of menu ± 2 cj e\i.ced 5 per cent Seia fioin all age groups (non born 
to adult) -neie used, and no significant diifeience between seia was found 
Thus a master standard cime siieli as this can be used for all determinations 



TmiE I STITISTICII DITV — SECOM STIVDIIU) CUItlE 


STREPTOMYCIN 
(ilO PEUML.^ 

NUMDEr or 
OBSEIl\ \TI0NS 1 

RVNQE 

(yiWIETER 

0> ZONF 

IN MM ) 

ME\N 

(DIVMETFR 

OJ 70NB 

IN MM ) 1 

ST \ND VrtB 
DEVIATION 

NUMBER OI 
OBSErWTIONS 
OITSIDEI \N0r 
OI MEAN i- 
1 ST^NDAID 

1 DEVKTinVS 

2 

27 

114—13 2 

12 1 

39 

1 

3 

28 

13 2—14 S 

14 0 

44 

0 

4 

30 

14 4— 1C 0 

laC 

52 

1 

5 

30 

la 8—17 4 

1G8 

38 

3 

0 

30 

17 0—18 C 

17 7 

46 

0 

7 

30 

17 8—19 0 

18 4 

30 

0 

8 

28 

IS 0—19 8 

191 

40 

0 

10 

29 

10 4_oo 8 

20 0 

39 

1 

15 

30 

20 2 — 22 4 

213 

50 


20 

20 

21 4—23 0 

22 3 

47 

0 

2e» 

30 

22 2—23 8 

J3 0 

43 

n 


27 

23 0—24 4 

23 7 

42 

n 

OO 

21 

23 8 — 2o 2 

24 5 

38 

0 


Detej minatioji of Scrum Streptomycin Leiel — Capillai"} blood is collectrd 
The collcctni,, tube is made either from a three iiieh length of glass tubing with 
™>e end sealed, oi fiom a 75 lij 95 niiii shell rial The open end is diawri 
out to a capillaii tiji and sealed The wide poitioii of the tube is held o\ei the 
flame and an an vent is quickU pioduced in the softened glass hr the espand 
wg air within the scaled tube Foi the collection of blood the capillan tip 
rs lirokeii off near its base The fiiigci oi heel is piinctuicd so that a ficc flow 
of blood is obtained The tube is held in is iieaih reitical a position as possilile 
and the blood readih flows into the tube and down to the base Foi each drtei 
nunatiou 0 3 ml oi a 1 5 cm colriiiin of blood is adequate The tubes are stood 
nprijit until the blood is clotted, then the tube is filed off just abort the sulfate 
of the blood The elot is biokeii up with an ipiilicatoi stiel ind the tube is 
(tntiifiigtd It 1501) to 2 000 icrointioiis pti minute foi fiftetn minutes As 
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desciibed, 0 5 ml serum is then diawn up into a 0 1 ml pipette and a drop of 
01 ml IS applied to each of five piepaied plates The plates aie incubated our 
night at 30° C The mean of the five zones is eonveited to miciogiams of strep 
tomycin by means of the standard cuive 


5 



Fig 2 — Chart showing expected variations in streptomycin values 
given zone diameters Solid curve represents the standard curve as in Fig i ^ delations, 
repr^esent value of the mean +2 standard deviations and the mean — - 7 fJ?,m^ronc€ntratlcn 
Vertical lines represent the range of zone diameter means obtained at each stanJarj 

of streptomj cm There are ver\ few determinations falling outside the ranoS o 
deviations 


Fig 2 IS a giaphie repiesentation of the range of eiior to be antiupa c 
in the method Barely does the spiead of obseivations evceed the laHoC o 
standaid deviations It can be seen that the least vaiiation m estimate s 
tomycin level foi a given zone diametei is to be found m that poitiou o 
curve fiom 2 to 6 /tig of stieptomycm, wheie for clinical puiposes t e 
deviation is desirable 


For good results, the following pieeautions should be obseived 

(1) Media must be piepaied with meticulous constancy, foi slight lai 
m mgredients may maikedly affect the activity of stieptomycm 

(2) The pH of the medium must be adjusted to 7 2 shoitly betoie 
are poured 

(3) Eesults are best’When flat-bottomed Petii dishes aie use ^ pmed 

portant that the 10 ml of medium be measuied caiefully when plates ij,. 

(4) Since dust pai tides distoit the diops of seiuni, the 

dust-fiee duimg the entire piocedure , rehable 

(5) The spoie suspension is lemaikably stable and is usua ' pjiaii'ie 
several months Howevei, it may become contaminated, with a res ^ 

m sensitivity If this method is being used routinely ovei a j.(.pro 

time, it IS well to run a weekly oi foitnightly standaid cuive to 


Even with the increased vaiiation at higher levels, the method is 


“ that "I 

exact foi chnieal purposes It must be pomted out, hovevei, 

modifications the method is not leliable foi use in a patient r^ pioderah'''' 
penicillin and stieptomycm, since the strain of B suhtihs used 
sensitive to penicilbn x r 

•Pressed glass Petri dishes \\ere obtained from Corning Glass Con P 


tiout 

both 
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A method is desciibed foi estimating stieptoinjcui in seiuin It uses onlj 

0 3 ml of blood, and tlieiefoie is paitieulailj applicable for use among infants 
and children It requiies no unusual or c\pensi\e equipment and the laboia 
torj techniques are easih acquiicd and earned out 
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A '\n:rH()D foe the quantitative deteemination op 

BILIEUBIN IN UEINE 

VAi itR E C Golden, PhD vnd John G Snwel\, MD 
Stvmford, Conn 

QIAI uroocJuies toi the quantitative deteiminatioii ot biluulim m 

w 111 I ' ui- luLii (lesciibed Most ot these have utilized the piuiciple oi 
I , 1)111 in 1 ihiulun fiom uiine ou insoluble baiium oi calciiun salts Bill 
I’lb lit' 1 iiitid tiom the adsoibate and some chaiacteiistic coloi leaction 
IS I s( (.1 ii, I iiiimiK the concentiatioii Methods emploving these priiiciplu 

liaseht 111] s( j ihc j 'n Huntei,^ Godtiied - and AVitlP among otheis 

<Hu itioits Id 1st such techniques toi the quantitatne detciniinatioii o 
bihiubin pioM d di ipjKmiting toi seveial leasons 

Fust ue veie unable to eftect complete lemoval of bihiubin tiom ide™ 
mine Puu biluubiu added to noimal mine could be lemosed eompletch t^™ 
solution In addition of baiium ehloiide and centiiiugation ot the adsoibate, u 
qiiantitatu e lenioval ot natuialh octiuimg bilirubin fiom icteiic mine cou 
not be achieved b\ tlie s n i lecluiique 

Second clntoi i i nl liiin fiom the baiium suliate biliiiibiii complex 
incomplete altn <>> st h non 

Fin dl\ iin 1, ilistuibnig pioblem aiose in connection with the coo^ 
dcM iopii I iii n ih, (luted biliiubin The pieMOiisly mentioned aiithois e ^ 
ploxcd som, modihi uion of the Ehilich diazo leaction This icaction gnej 
cliaiacteiistu ud lolui iiith bihiubin Ou diazotization, mam 
a itddish iiiovn coloi c\hich masks the coloi ot diazotized bilniibin , i^j.^ 
to oieiconic this difhcults bx e\tiaction of the diazotized bilimbm mt' 
toini, but he lepoitcd that he was unsuccessful in obtaining qiiaiititatne e 
tion 

Some imestieatoi's base tiled to estimate bihiubin in iiiine b\ 
zotizatioii without piehminaix adsoiptioii Goodson and Sheaid^ haic pu 
''inh a piocediiie lu then ]uocedu»e no means ot obviating the mtei ^ 
diu to the diazotizable noiibiliiubm chiomogemc mateiial m uimo is o 
Oiu attempts to deteiminc bihiubin in in me bx diiect 
sinqile alcoholic solution gax’e piomismg lesults xvhen highlx icteiic 
tested Ilowexei, noimal claik mines liee fiom bihiubin dexeloped a 
coloi upon diazotization This ied-biox\n coloi absoibed a sigmfieJ*' 
huht when lead in a photometei at a xxaxe length suitable toi diazo 
iiihiii A diiect diazotization method, theictoie, seemed to lequm son 
ot axouhng tlie mteiteience of this diazotizable nonbihiubm chioinogcn 
iial 

From tlie Bepartnicnt oC Laboratories Stamford Hospital 
Rcc ivcd for publichition Marcli 1948 
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It scemccl fusible to a\oul this inttitoiciicc !)> apphcdtion of tlie Viei*oidt 
principle® for deteimming indnidinl oonceiitiations of pijrments in a mi\tuie 
This leqiiiies that the mi\tuu be lead it two wrac leivtlis that the latios oi 
the optical densities at both ua\e kiuths foi each pument in puie solution bo 
known and that these latios be constant o\ei the ot conceiitiations to be 

tested Gibson and CacImi'^ hue applied this piiiici))k to tlu photometne de 
teimiintion of Eariis blue in sciiim in the piescnce of hemoglobin Engstioni 
and ilason and otliers haAe emploAed it loi the pliotometiic dcteimin itioii ot 
17 ketosteioids ni mine 

Emplojiiig this pimcijile aac liaAc dcA eloped a piocidiiie foi the deteimina 
tion of biliiubm m mine Avhieli oAeiconies intei'teitnce tioni nonbilirubin mite 
rial 

Reagents- mzthod 

(!) Alcohol 95 pel cent ethanol ESP 

(2) Diazo reagent A DissoUo 1 Gm siilfanilie acid in 1 > ml concentiated 
hjdiochloiic aeid in a litci Aolunictuc 11 isk and dilute to mail aaiIIi Asatei 
{Keeps nulefiniteh ) 

Diazo leagent B Oissohe 05 Gm sodium nitiite chemicalh jnuc in 
water and mako to 100 millilitci's Stoie solution in rcfiir-ciatoi and discard 
when it develops discernible coloi 

Diazo reagent foi use 2Ii\ fiesh inioi to dctoimination 10 ml dinzo leapCnt 
A and 0 3 ml diazo leagent B 

Procedure — One milliliter of mine (as voided oi diluted*') is measmod into 
a eoloumcter tulie (19 b} 150 mm ) Eie,bt milblitcis of alcohol and 1 ml of 
fitshlv prepared diazo leagcnt aic sucecssnoh added mL\ Vllovr that} 
nimutes foi color de\eIopmcnt then add 0 25 ml concentiated hvdiochloiie 
acid and mi\ Read pei cent tiansmissioii in photometert at wave lengths of 
575 and 450 ni/x vvith photomctci aeljusted to lead 100 pci cent tiansmission with 
alcohol blank at each lespectnc wave length 

Convert the transmission readings at eacli wave lenerth to coiiesponding op 
tical densities 

Optical deusitj eguals 2 minus log T where T equals pei cent tiansmission 
The optical density of biluubin is then calculated fiom the cepiation \ t =■ 
- 0 202 Mi 0 wheie Y , equals optical densitv of bilirubin at 575 in/i 
7 equals obseived optical densitj of diazotized mine at 57o ni/t u eepials 
observed optical densit} of diazotizeel urine at 450 ni/x and vAlieic tlie numerical 
constants liave been dciiAcd cNperiincntallv as oUen ehscwhcie in the text 

Given Y ,3 the coiiccntratiou of bilirubin equals K times 5. vvlieie 1C 
13 the calibiation factor obtained as dtsciibcd below 

standardization M^ith Puie BiUnihm — 

^tock standaid (10 mg pci cent) Dissolve 10 mg of pure Inliiubnif m 
^dorof onn and make to l voluiiu, ot 100 inillilitcis 

I" f-J'nicil testing the urin Is Uhitcd to 100 ml per imur If thr urmo no%N I** not ulrendj 
‘•fttiicr Unn that 

tPiiotometcr rcnaings uie male on the Coltnian Jr Clinical Spectropliolomctcr mod 1 OA 

lEa tnnn Kodak Dlllrubin No 101 
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Dilute standaid (1 mg pei cent) Dilute 10 ml of the stock standard to 
100 ml Avith alcohol Meai.uie 0 5, 1, 2, 3, 4, and 5 ml ot the 1 mg iierunt 
standaid into coloiimetei tubes These tubes coiiespoiid respeetiveh to Oa, 
1, 2, 3, 4, and 5 mg pei cent Make each to a volume of 8 ml i\ith alcohol 
Add 1 ml of watei to each and mi\ To each add 1 ml cliazo leageut, 11111, 
allow coloi to develop thiity minutes, then add 0 25 ml eonceiitiated ludro- 
chloiie acid Mix and lead at 575 m/t against alcohol blank set at 100 percent 
tiansmission A tiansmission-eoncentiation cuive may be plotted on senulo" 
papei 01 a conversion tactoi may be calculated fiom the eoiiespoudmg optical 

densities accoidiiig to the foimula K =-^(wheie K is the coiiveision factor 

C is concentiation in milligrams pei cent and D is optical densitj) for that 
laiige of concentiation uheie K is constant 

Standai dization pei formed 111 the piecedmg maunei has yielded a K \aliie 
of 6 2 for coneentiations up to 5 mg pei cent of biliiubin Thus, Y5 5 times 62 
equals concentiation of bilirubin in milligiams pei cent 


SPECTROPHOTOMETRIC STUDIES^ 

In the development of the method, certain spectiophotonietiic studies worn 
earned out Biliiubin solutions, leteiie mine, and noimal urme weie tieatol 
accoiding to the desciibed method with certain laiiatioiis ivhich mil he iioteJ 
The spectial tiansmittance euives weie then detei mined '' They are lepiotlucc 
in Pigs 1 to 3 

The pieparation of the mateiial foi the study was made as follous 
Piepaiation 1 Biliiubin solution (equivalent to 2 mg pei cent miume) 
tieated with diazo leagent and not subsequently acidified {Cutvc 1, Dg 1) 
Piepaiation 2 Bilnubin solution (same as in Piepaiation 1) treated "T 
diazo leagent and then acidified {Ciuve 5, Pig 1) 

Piepaiation 3 Normal uime tieated witr diazo blankf and not su 
queiitly acidified {Ciu ve 3, Pig 2) 

Pieparation 4 Normal mine tieated with diazo leagent and not s 
qiiently acidified {Cuive 4, ¥ 1 ^ 2) 

Piepaiation 5 Noimal mine treated with diazo blankf and then aci 
(Cmi;e5, Pig 2) ..j 

Preparation 6 Noimal urine tieated with diazo leagent and then a 
{Cuive 6, Pig 2) 

Prepaiation 7 Icteric urine tieated ivith diazo blankf and not suhseq 
acidified {Cuive 7, Pig 3) ^^1^^ 

Piepaiation S Icteric mine tieated uith diazo leagent and no 
quently acidified {Cuive 8, Pig 3) 

Preparation 9 Icteiic mine tieated with diazo blankf and then 


{Curve 9, Pig 3) 

•On a General Electric recordingr spectrophotometer at the Stamford R 
torles of tlie American Cjanamid Co in I 

tHydrochloric acid 15 per cent (15 ml concentrated hjdrochloric 
solution) 


labors 

OjO 
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Prepaiation 9 Icteiic urine tieated with diazo blaukf and then acidified 
{Cuive 10, Fig 3) 

Cu)V6 1 lepresents the speeti d tiaiisinittnnce of the red (nonacidified) 
azobilirubm, the deinatue commonly employed foi quantitative bilirubin de 
teimuiatious in seium This icd pigment has its absoiption ma\imum at 530 
to 540 millimicious If the led azobiluubm is stion^h acidified with hjdio 
chloric acid, it is at once converted to a puiple pigment ® Cm ve 2 shows the 
spectral transmittance of tins pigment The puiple (acidified) azobiliiubin has 



Fie 1 


its absoiption maximum at 570 to 580 miUiinicions Since Cuives 1 and 2 
repiesent equal amounts of bilaubiii it is seen that tlic purple pigment absoibs 
iiioie lijit at 575 than the led pigment at 53 ) millimicions This alone sug 
gests that the purple (acidified) azobiliiubin is the moie scnsitne dernatne 
foi photometric anah sis 

2 presents the cur\es obtained using noimal luine piesumabl> bill 
rubin free Curve 4 shows the tiansmittance of a pigment developed bj diazo 
tizatiou and Cuivc 6 shows the change in transmittance produced upon acidifica 
hou Curve 3 is the blank for Cmve 4 and Ciuie j is the blank for Cmve 6 
Cuiic 4 has no maximum absorption band in the visible spectrum while 
Cxtive 6 has a broad ma\imum absorjition Iniid fiom 440 to 480 millimicrons 
Both piepaiations show significant absoiption at the wave lengths at whicli 
azobihrubin ma> be read that is 530 m/i foi the led oi 575 ni/i for the purple 
pigment The piesence of the interfcim,^ substances in noimal urine cleaih 
indicates the need for a means of collection in methods emplovmg dnect diazo 
tization Foi coiucnienee we designate this inteifeiing mateiial as \ chromogen 


Tho con\eraion of red a2obinnibIn to a purple pigment bv 
Hn. u— j attributed 

b> MUller 


acltl vinV u of red a2obinniBin t 

(oririnM known for sonic time and 

5 nal reference not available! as cited 


acidification with Jijdrochloric 
to both Ehrlich and Proschcr 
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0 &h0Ms a shift of tlie absoiption inavumim Horn 

1) to m to 530 nulhaoeions Ti. 
smooth since vehiomogen has no absoiption inaMii.um m 
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spectriini Cunc 7 is the hi iiik toi Cuiie 8 Cunc JO piesents the tiansmit 
tance cliaiactenstics of puiple (acidified) azobiliiubin {CuneJ Fio 1) modified 
In the piesciice of icidified diazotizcd \ chioniOj^cn Curie 10 shows that the 
absoiptioii maximum is ncithci shifted noi si„nificantl\ bioadcned but theie 
IS a distinct depiessioii in the othciwise smooth cuivc at 490 to 510 m/i appai 
enth the effect ot the absoiption due to atidified diizotized \ chioniogen These 
properties emphasize the supeiioiiU of the puipie (acidified) azobiiiiubin foi 
photometric analysis Cunc 9 is the blank for Cunc 10 


DEim mON \ND ePPIIClTIOX ot correction FQl VTION 
The Q^eiieral foim of the equation which applies foi the photoinetiic 
dctcimination of the indnidinl piomciits of a two (omponent mcxtuic is 
denied as follows 


Let \ =z optic'll densit} of \ ‘‘ubstnnte at « ive length a 
Xb = optiC'il density of \ substance at wa\c length b 
T = optical dcnsit} of "i substance at wave length a 

lb = optical ilcnsitj of \ substance at wa^e length b 

il = optical dcDsitj of i mixture of \ and \ it \\a\c length a 

M|,= optical density of a mixture of \ md "i ot travo length b 

(1) (2) i!, = k 

If substances X and \ do not icact chemicill) with one nnotJici the 
following holds 


(3) ii =\ + Y 
Fiom (2) and (3) 


(4) Mb = s t ib 


(5) M = \ + R,Y 


And fiom (1) and (4) 

(0) -R + Y 

Sohing equations (5) and (6) foi 'ib we obtain 

R Mb - M 


C7) Tb = 


R - R 


An inspection of the spectial tiansmittaiice cunes m Fi^s 1 to 3 
indicates tA\o suitable wa\e lengths me 575 and 450 milhmicions If we let 
^ repiesent biliiubin X, the inteifeiiiie, chiomogen a 450 m/i, and b 575 
then equation (7) can be lewiittcn 


(S) 


V ^ 

* R - B, 


To apph the formula foi use the uunieiical \dlues of Rx andRy at 
150 and, 575 must be deined Values foi Rx weie obtained b} diazotizin^ 
normal bihiubin free urines bj the method oi\en pie\ioush and findin„ 
the optical densities at 450 and 575 millimicrons 


\ ^ optical density of x citromogen 4o0 him 

X optical density of X eliromogea at o 7 j mp. 
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Tvble I Determination oi Equation Constants 



NU^IBEl OF 


ST INI) 11 U DEIIilluI 


DmEKMINATIONS 

MEVN VALUE 

OF MEU 

R 

V 

'^'■s 0 

49 

519 

± o3( 

Y 

■R — — 

-Lij — . Y 
-*■ 5 

61 

0 25 

± 06b 


Table II Addition op Bilirubin to Urine 
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Values for 1 ?^ ^\ele similuh dcteimmcd with piiic bihiubm soliitioub Table 
I shows the sumimiizcd data foi the deteimiu itions oi md Ry 

Since Rj = 5 19 and Ry ^ 0 25 substitution of these \alues in equation 
( 8 ) gi\es the final equation 

.ox 519 M - M 

(^) — ST U " -" 25 = ^ » •’ 20251 ^ 

wlieie Y j equals the optical density of the biliiubin component of the 
mixtuie at 575 ni/t, M equ ils the optical deiisit\ of the mixtiiie of biliiubin 
and xehiomogen at 5T5 mfi and II , 30 equals the optical density of the same 
mixture at 450 niillimicions 

To dcteiinine the ichabihtt of tlie equation and the method lecoxenes 
of bilirubin added to noimal (biliiubin fiec) iiiiiie woie coined out The 
computed optical densities in these mixtiuis (\ , ) were compaied wuth 
the optical densities of the same umounts of puic biliiubin deteimmtd 
simiiltaneoush Since piecise amounts of biliiubin cannot bi added coiuementh 
to iiime dirccth tlie additions wtic aecomphsbcd b\ dissohmg tlic desiied 
amount of biliiubin in the alcohol used as the diluent in the method 

Table II picsents a summary of these data 

The diffciences between the calculated and csiiectcd optical densities 
(T yj of Table II) weio small and weie landom with icspcct to si,,!! The 
aierage lecoicij was 99 7 pei cent We conclude that equation (9) intioduces 
no significant theoretical ciioi *ind is thcicfore \Qlid and applicable foi the 
calculation of the optical deusiU of biliiubin mixed with x ehiomogen 
according to our method 

The aiithmctie mean of the optical densits difTciLiices (column six Table 
11) was 0 0076 legaidlcss of sign and this optical density is equivalent to 
approximately 0 04 mg pei cent ot bilirubin An eiioi of this oidei of 
magnitude is of little significance 

In oidei to show the older of magnitude of xclnomo^en we have pre 
sented m Table III data obtained fiom a leprcsentatne gioup of icteric 
urines Tliese results show that \cliiomo„en was encountered m all of 


T\DLE III EeLATIVE pROlORTIONS OF BlLlRUDIN AXD \ C^^O^rOGEN IN ICTERIC UeINE 


CASS 

DILUTION 





RELATIVE 
PROPORTION 
o> Y ANP y 

EXPRESSED AS MG % 
BILirUBlN 

OBSFRATD 

COMPUTED 

(V) 

X CIIROMO 

TRUE BILI 

Factor 



X 

Y t 

X 

Y 

GEN X 

rUBlN Y 

1 

5 

-40 

o62 

030 

332 

S 

92 

93 

10 30 


2 

521 

721 

072 

649 

10 

90 

90 

S 04 


1 

lo7 

177 


324 

14 

SQ 

33 

2 01 


5 

24S 

205 

040 

165 

-0 

SO 

125 

510 

s 

1 

700 

577 

132 

445 

23 

77 

S2 

2 76 


1 

GIS 

367 

llO 

2^7 

30 

70 

68 

1 59 


1 

400 

174 

074 

100 

43 

57 

46 

62 


1 

319 

119 

OuS 

061 

40 

51 

36 

38 


1 

1G7 

110 

068 

051 

57 

lo 

42 

32 


1 

IS/ 

111 

072 

039 

65 

33 

45 

24 


■SiT = Ms -T jj. 

t^i computed from equation (9) 
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these specimens and in amounts aeeounting foi fiom 8 to 65 pei cent of 
the ohseived optical density at 575 raiUimicions It is evident fiom tliOH 
data that the collection ±oi x-chiomogeii is essential toi the tiue bilinibm 
V allies 

jnSCELL VNEOUS DETAILS OF TECHNIQUE 

Ceitain points of technicpie vveie investigated to deteiinme conditions for 
optimum coloi development and lepiodiicibility The choice of alcohol as a 
diluent was based on the tact that the substitution ot watei foi 95 pei ctiit 
ethanol in the desciibed method lesults m a diminution ot optical deusitv of 
diazotized icteiic mine at both 450 and 575 millnuicions An example s 
given in Table IV 


Table IV “Water vs 95 Per ce\t Ethanol vs the Diluent 



optical 

DENSITY __ 

DILUENT 

575 m/i 

450 m 

Distdled watei 

26S 

168 

95% Ethanol 

OOlT 

UOI 

253 


The piesciibed oidei of addition of leagents was found supeiioi to other 
01 dels tiled Data lu Table V show that each modification lesulted m 
1 eduction of optical density at 575 millimicions 

In the desciibed method, tliiitj minutes aie allowed toi coloi clevelopnien 
betoie the addition ot acid because the coloi leaction changes httle a ter 


Table V Order op Addition of Be vgents 

ORDER OF VDDITION 

OPTICVL DENSITV (575 nl/lj , 

SOLUTION 1 1 SOLUTION 2 | _SOLimON__ 

1, 2, 3, 4, 5 

1, 3, 4, 2 5 

350 

310 - 

1, 2, 3, 4, 5 

1, 2j Oj Dj 4 

314 

233 iif— — 


2 95 per cent ethanol 

3 Diazo reagent 

4 Color dc\ elopnient period (thirtj minutes) 

5 Concentrated h^dlochlorlc acid 0 25 milliliter 

tw eiitv -five minutes and is maximal at thiitv mmiites the 

(acidified) azobiliiubin is cpiite stable, theie is no advantage ni c 
leading The data conceiniiig the late of coloi development an . . 

of the coloi aie showm in Table VI Puie biliiubm was imei 
detei minations 


tli(Ne 


Table YX 


Minutes after addition of 

diazo reagent 5 

jMinutes after addition of acid* 
Optical Densitv 

Solution 1 187 

Solution 2 337 



‘Acid added thirtj minutes after diazo reageuL 
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III oidti to o\oicl \ Illations tliic to latc ot uuir How md to ob\wte 
tuiliiditics in coiicuiitiatcd spetimtns it was iound dcbii iblc to collect the 
mine o\ci i timed iKiiod The mine is then diluted to a total \olume equal 
to 100 ml pel lioiu Vflei mixini? 1 ml of this diluted specimen is used foi 
aiialAMS Tins dilution oliMitis tnihiditus ind males milli-nms poi 100 
ml cquualent to millioiamb pei horn Foi uiinc flow abo\c 100 ml per houi 
appiopiiatc collection must be nude if the lesults nu to be e\)ncsj,cd in 
units of time If the urine is tmbid even aftii this dilution a poition should 
be ccutnfuged before tabula the 1 ml for anaUsis IIir,hl\ ictcwc \umcs will 
reqime e\on gicatei dilutions than 100 ml per hoiii foiTeitioii must be 
made foi the fuithci dilution m cikulatin^ the (onemtiation «t hiliiuhin oi 
foi cxpiessiu^ the amount ot bdnubin pci imil tunc 

Collection of specimens in stoppeitd blown botths md prompt inihsis 
n-e lecommended to aioid loss ot biliiubm is upoitcd In With'’ We ln\i 
found losses of 14 15, and 50 pci cent ot biliiiibin fiom thiee icteiic mine 
specimens held tweiiti tom lioiu*s m the leliisciitoi in stopjieied Inown 
bottles 

INTERIHUNCi MXTUnvL-S 

W\ liaie in\cstigitcd tlic possible intcifiieiuc witli tlie jnocednie h\ 
ccitnn common mcdicitioiib X'linc specimens weie roUoMcd tiom pitnnts 
icceumg Solu and penicillin Neither ot these substances was found to 
ba\e mteilcnuij propcities as shown In the 5 \alucs pioscnted in Tabh 
VIT Ciioups I and II 

Siilfatliia/olc and sulfadiazine in amounts ot 25 in^, pii (ont do not 
inteiteie with the teat as sliowii In the \ , \alucs in Table X 11 ( roup III 


Table VH Effect of iljscELLASEoea Medications 


TYPE OF specimen I 

1 

I ^ 

\ CO IPCTED 

Uroup I Specimens from patient** recciMOg pemciWin i 

1 ' 



1 i 


0G3 

+ 002 


1 ^ 1 

030 , 

- 01(1 

•> I 

1 IGI 1 

0 15 

0 

■1 1 

1 ‘ 

' 0 2 1 

^ 004 

orouji n Specimens from patients reiemng Solu K j 

1 T?* 1 

! 1 

1 4- l»0 


1‘>1 1 

1 O-i" 1 

1 + 001 

1 

in 1 

032 1 

+ 001 

tjroup m 'Vormal urine and sulf i conipoumla 




"Normal urine 




+ nm 

Same urine + -o % Na t.uliatbiuzole 

i 

040 1 


Same urine + 25 mg ^ "Na suJfa/liazinc. 

-2 ) 

04( 1 


Group IV Normal urine in<l Vtabrinc 




Normil unne i 

104 i 

I) S) 

+ 002 

Same urine + 1 m^ V< ilirint 

-IS ' 

oasu 

- ooa 

Sum urine + 1 mg Mabrinc 

244 1 

0410 

1 - one, 

'^imc urmc + '' mg ^ U vbnm. 

2' S 1 

04" j 



Uangc of «.nor c;cpre tU uh bilirubin - 06 to + 0 mg p r cent 
oxpecteU none 


This propri td.rv \ltaiuln U complex Tor l ai ntcral Ube c ntiini thluniin ribt>Ht\In 
y>naoxine pantotlicnate an I nlcoUnaml le 
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Atabiine (qiunaciine hydiochloiide in amounts ot 1, 2, and 3 mj,' per 
cent) shows a. slight mtcifeience as denionstiated in the data of Table All, 
(hoiip IV The 3 mg pei cent concentration would mask apinoximateh 
0 0 j mg pel cent ot hiliiiihin, an amount we fonsidci insignificant 

Protein in the uiine in amounts gieatei than 01 mg pei cent (2 plui 
ling 01 acetic acid heat test) causes tiiihidities which lenclei tins mcllio<l 
unsuitahle Since most of the commonlj u^ed inotein piecipitaiits nm 
lemoxe hiliiuhin wuth the piotein, then use is (ontianidicated 

In the couise ot the deiivation ot the mimciial xaliic foi Kj a kv 
uiine specimens (foui out of fifty-five) weie encountered which ga\e Ihialaui 
exceeding the mean ot 5 19 hy ahout foui times the standaid dcviatiuii h 
IS safe to assume that these mine specimens contained some inteifcmi'' 
mateiial in addition to \-chiomogen Such an inteifeimg niatciial m an 
ictciic uiine w'ould tend to mask a poition ot the hiliiubin This eftcct ivai 
ohseiced when twm of these mine specimens weie used ioi lecoien cxperiniciils 
In both instances the computed values of Y,j, weie less than expected In an 
amount coiiesponding to approximately 0 2 mg pei cent of bihiiibiii AAc 
ha\e been unable to identifv the mateiial lesponsiblc loi this inteitcieiice 

vuAPiAriox' 01 Airruoj lo in ifk piiOTOMriEK 

The method piesented heie would have limited clinical application Jj 'l 
could not be adapted to filter photometers Its adaptation to one i cr 
photometei was easilv accomplished in our lahoiatoiy 

Following the exact pioccdmc outlined undei Dciivatioii and 
ot (’onection Eciuation, a gioup of ten noimal nunc spccnncns 
of biluiibin solutions langing liom 0 5 to 4 mg pei cent woie 
and read in the Lumetion instrument using orange (580 m/i) and 
filters From these readings the constants Kj and Ky weic 
toiind to be 8 0 and 0 31, respectively Substituting these constants ni eji 
(8), It becomes (9^) Ygyange = 104 Morauge - 013 Mbiue W'heie the simi 
analogous to those of equation (9) for the Coleman instrument 


Table VUI Addition of Bilirubin to Urine, Recovery on a Luweirox 

, PilOIOMETH’ 

eVSE 

M 

‘^orange 

OBSERVED 

^^bluo 

OBSERVED 

Yorangc 

computed 

^oran « 

\dded 

COLUSI'' t 

jIlMo 

COIAJCjjJ^ 

— niin 

38 

30 

to 

41 

42 

43 

44 

45 

4b 

47 

149 

146 

149 

143 

152 

2b0 

260 

268 

264 

260 

252 

215 

260 

248 

337 

244 

194 

306 

178 

222 

122 

124 

121 

117 

114 

23S 

245 

238 

249 

241 

1 125 

125 

125 

125 

125 

252 

252 

252 

252 

252 _ 

_ 001 
- 004 
_ OtU 

_ oil 
_ oil 

_ noi 
_ oil 
_ 001 


Mean deviation regardless ot sign 0076 
Range of error expressed as bilirubin - OOS to - 0 11 mg 
V\erage per cent reco\erj of added bilirubin 06 per cent 


A Luuietron photometer model 400 X was emplojed 
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A calibiation was caiiiecl out using the piocecliue outlined uudei i\rethod 
A comersion factoi (K) of 81 was obtained winch ^\as constant up to the 
4 mg per cent concentiation Thus 8 1 times Yora equals miUigiams per cent 
bilirubin 

The \aliditj of equation (9a) w is tested with inixtuies of normal urine 
and bilirubm as desciibed (Dcmatioii and Application of Coriection Equation) 
The data of this expciiment arc shown m Table VIII The ieco\eiics appeal 
to be entirel} satisfactory 

^.s an additional eheelv on the reliability of the method using the filter 
photomctei, a paiallel senes of determm itions wcic done on icteiic urine 
specimens usm^, hoth instruments Tlie icsults show close agiecment, as can 
be seen m the data ot Table IX 


Table IX Biluiubin in Icteric Urine Detebminfd Simultanlolslv o\ Tuo PnoTOMETzrs 


19 TO 99 ilQ % 

100 MO 

VND OVEF 

GOLEM VN 

LUMETRON 

GOLEM VN 

I 1 MFTPON 

19 

J3 

1 04 

1 }o 

20 

27 

1 1- 

\ 22 

22 

2S 

1 21 

1 S2 

22 

JG 

1 20 

1 -9 

23 

«7 

1 4o 

150 

‘*4 

-9 

1 01 

1 73 

05 

20 

1 08 

1 7o 

23 

3G 

1 09 

1 81 

^0 

30 

3 77 

1 03 

35 

30 

195 

2 00 

30 

30 

201 

102 

38 

28 

238 

2 32 

38 

0 

-28 

2 28 

39 

45 

2 28 

2 30 

40 

5’ 

2 30 

2 30 

41 

40 

2 37 

2 54 

47 

02 

2 40 

2 44 

48 

G7 

2 00 

2 63 

52 

OS 

2 0- 

2 60 

55 

03 

2 72 

2 70 

G9 

79 

2 74 

2 72 

70 

S4 

2 79 

2 84 

80 

89 

2 94 

3 00 



3 01 

'■04 




3 20 





l)ISrU=BION 

The method for the dcteiminatipu of hihrubin in uiine which we ha\c 
presented here is essentially a modification oi adiptation of the Ehrlich diazo 
reaction as employed in the Mallo\ and I \cl\n" method for seium biliiuhin 
^mce normal oi ictciic semm has no ohiomogen otiici than bihiubm which 
^h>on di i7oti7ation produces a significant amount of color witli a spcctial 
'ibsorption maximum at 'iSO ni/i, no scpaiatioii of tlic Inluuhin from Ihe 
i^enun h necessary This rmlrcs the dctcimination in seium lelatuoh simple 

stiaightforward 

However, in normal or icteiic iirino thcie aic amounts of chiomogenic 
Material which will react with the diazo leagcnt to cause a significant inter 
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feience ^vlth the photometiic leading of the diazotized biluubin Theiefoieiii 
anal} zing mine loi biliiubin by this leaction one is faced with the imcs.-iitv 
of (1) sepal ating the biliiubm oi its eoloied deiivative fiom the uiiiie b\ 
chemical oi physical means, oi (2) deteimiiimg and appljmg a coiieitioii loi 
the inteifeimg mateiial Attempts at applying the fiist alteinatne ha\e bo 
fai, to the best of oui knowledge, proved nnsuccesstnl In the piesent woik 
ve ha\e succeeded in employing the second alteinatne The collection 
ecpiation which we have deiived was tested by adding known ainounb of 
biluubin to iiiiiie and obtaining satistactoiy lecoveiies This demoiistiatcd to 
oui satisfaction that neithei significant tbeoietic noi systematic eiiois iiere 
encountered in the pioceduie 


We belle^e that we have enhanced tlie specificitc and seiisitmb d tl'i 
deteimmation In conveiting tlie led azobiluubin with spectial ahsoiiition 
ma\imuni at 530 iu/a to the pin pie azobiluubin with speetial abboiptioii 
ma\imum at 575 ni/i, thiough acidification with liydiochloiic acid This lus 
two beneficial effects Oui data show' that in puie solution the led azohihiubiii 
has less optical density at 530 m/A than an equivalent amount of pmpk 
azobiluubin at 575 millmucions Thus small amounts ot biluubin can bt 
deteimined moie accuiateh as the inuple deiivative than as the led deuiatnc 
The second beneficial effect is that at 575 m/A the mteifeience ot the nonhilirubm 
mateiial which we ha\e designated \ cluoniogen is significanth less than at 
530 millimicions Even though the piinciple on wdiieli oui collection ecpiatioi' 
IS based would be equally valid foi the leadings at 530 ni/i, iieveitheless an' 
means ot minimizing the effect of the inteifeiing mateiial should be utilize 


AVitli lespect to the sensitivity of the method, we estimate a 


hkeh 

eiioi ot 015 in the computed values of This is tw'ice the mean eiro^ 

of OUI addition and lecoveiy e\peiiments (Table II) Such an 
ecpiualent to appioximately 01 mg pei cent of biluubin in iiiine hi cei 
instances wheie tw'O- oi thieefold dilutions of the uiine have been ma 
eiioi might be as laige as 0 2 to 0 3 mg pei cent in teims ot hilnii m^i 
eentiation in the oiigmal mine We feel that this is a libeial 
the lowei limit of sensitivity of the method In fact, lepeated 
little as 0 2 mg pei lioui have been found to date only ni patients 
disoideis of biluubin metabolism 

We belle^e that cliazotization piovides a moie specific coloi icac 
biluubin than oxidation methods using ieiiic salts oi nitiic aci 
method of Singei and Kubin The led blue, and gieen roloiei o\ 
pioducts aie not too well ehai actei izecl 


Finally, we wish to emphasize the lelatue simphcitv 


T of the pio^' 


cduro 

The 


It iec(mies no special appaiatns othei than a leliable clinical 
lequiied leagents aie leadih acailable and easy to piepaie Once t 
ec[uation and the standaicl cui\e oi calibiation factoi ha\e leipum 

foi the instillment to be used, the loutine peifoimaiice ot tie 
piacticallv no moie manipulation than a seium biluubin deteimim 
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SUMM\R\ 

A method foi the quaiififatne deteimmation of biiinibin lu uiiiie is 
presented It emplo\s the inmciple ot diiect clmzotuation ot mine A\ith 
Ehrlich’s diazo leagcnt 

A collection equation is deinccl and applied foi the elimination of 
nonbihinbin inteitLiiiip, maternl 
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A PRACTICAL METHOD FOR THE PREPARATION OP OKGANS I- OR 
THE DETERMINATION OP ANTIBIOTIC CONTENT 

B S Schwartz, and M N Lrwis 
New York, N Y 

I N THE course of oui studies on penicillin tissue levels in small laboiatori 
animals (lats and mice) we weie faced with the pioblera ot lapidh einiik 
fying a laige numbei of oigan samples undei steiile conditions Tlie small 
tissue volumes, then laige numbei, and tlie time and expense nivohed piecluded 
the use of the semimicio Waiing blendei oi of moitai and pestle 

We solved this pioblem by using a Foiedom Lightei Dutv Flexible Sliait 
machine (appioximately 1/25 horsepowei ) , fitted with a mio hiUi,h, b 
and 2 ounce jais with metal seiew caps (Pig 1 ) Holes ]ust laige enou, 
to accommodate the shaft ot the wiie biiish weie made m the coveis ot t e jaix 
The holes were plugged with cotton and the coveied oais weie steiihze J 
tissues — lung, livei, kidney, and spleen — weie icmoxed aseptically an P^ 
m jais appiopiiate to the volume of the sample Two volumes of steue 
cent phosphate buffei (pH 6 0) and some steiile alnndum weie “ 
steiihzed wiie biushes weie nisei ted tlnoiigh the jai caps and attacie ^ 
handpiece Rotation of the wne biush at approMiiiatelj 10,000 
minute pioduced a finely giound tissue mash in about one e\olutioi'» 

was pouied into centiifuge tubes and spun at low speed (500 to 1 
pel minute), the cleai supernatant liquid was used foi assaj 
weie washed in 20 pei cent NaOH to lemove grit and tissue paitic es, 
tap watei, and lesteiilized ^ 

Eighty to one hundied tissue samples, langmg fiom 0 5 to 30 Gm 
be prepared satisfaetoiily in a single day by this method 
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A KAPID METHOD FOR SEIiLil CALCIUM 
DETERMINATION 

Makio IMukayajia, ]\I A 
Axk Arbor, Mich 


I N jMANY clinical situations, such as convulsions clue to infantile tctiin 
a lapid method foi deteimination ol seinm calcium, e\en it somewhat !(■''> 
accui ate, ould be more c aluable to clinicians than the tune coibiiiniiu 
standaid method A method to be most usetnl should possess speed and a 
leasonable degiee of aeeuiaey and lequiie a minimum amount of blood 

The method to be desciibed is a nephelometiic piocediire adapted fiom 
the one foi deteimination of calcium in ivatei ^ Although less pieeise than 
a standaid miciomethod, the pioceduie can attain an aeeuiac\ adeipiatc for 
the usual clinical pin poses, it takes less than an hoiii and leriinies onh 0) 
ml of seium 

Potassium oleate leagent in Duponol solution leacts with calcium ion 
ammoniacal solution to gue a white colloidal suspension ot calenmi oeae^ 
The degiee ot tiubiditv is piopoitional to the amount ot calcium piesui 
tiichloioacetic acid filtiate ot seium The tiiibiditj is measiiied lu ^ 
eleetiic coloiimetei The method described is adapted to 
(micio) photoeleetiic coloiimetei Most ot the common ions iioima ' 

111 human seium liaie no effect on the leaction Duponol 
toimation of magnesium oleate, thus eliminating uiteiieience due to ns 


REAGENTS AND APPARATUS 

Potassium Oleate Reagent — This leagent is piepaied as 
Saifer and Claik ' Shake 7 05 Gm ot oleic acid** with a enuihioii 

of potassium In dioxide in 5 0 ml ot distilled watei Tiaiis ei for 

b}’’ means of 50 ml of 70 pei cent ethanol to a bask Re 
one hoiii and dilute iMth distilled watei to 250 ml ni a \olunit i Dmioiiol 
Duponol Solution — Piepaie 3 pei cent solution in distille 

P C IS an emulsitMiig leagent t r I inooiiul 

Potusunm Oleate-Duponol Reagent — To each 100 m o ^^gjipifugitw"' 
add 20 ml of potassium oleate leageiit Piltei oft, oi leniocc ],j,f will 

an> sediment foimed This leagent is stable at /T' !!lltrackinto''0>«'^ 
come out of solution at lowei tempciatuies It can be hi ^ 
bv waiming in an incnbatoi at 37° C ^ ^ tiidikr*^ 

Twenty pet cent TncMoioaietn Acid — Dissohe 10 Lin o^ doiraiA 
acetic acid in distilled icatei and make up to 50 millilitei's ^r micop"- 
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to nuke moic at i tune ijecuisi tin solution is not complctih stable The 
solution must be kept in tlie lefu^eiitoi ^\hcn not in iisi 

Ca/ci»iJi hUindanl i^iolution — Dissoht 0^ (in ol puu cildtL (ealeium 
carbonate) in a 500 nil Li]cnino\ei llasl uilli 20 ml of 1 ) dilute In dioeliloiic 
icul, beiiji^ eucful to uoid hintteiiiu \dd about 200 ml of distilltd u itei 
nid boil loi a tew minutes to dine oil the caibon diovide Cool to loom 
temperatuie and tiansici ({uantit itnt h to a 500 ml \olumetuc IhsI Alike 
up to ^oUllne witli carbon dio\i(Ie tiee distilled watei Stoic in i si is.s 
stoppeixd bottle Ibis stindaid should lie ohcektd toi esact eihium con 
tent nsnip i j)einnn„ mate titi itiuii luoceduie Vdpisl tin concenti itn*n ot 
the standaid to 40 0 nip, ofealeiumiHi 100 milhlileis 

Dxlntc Calcium iaiandaul Solution — DduU the jutccdin^ st md ud solnti n 
m 100 ml \olumctuc flasks Add fiom a buicttc 10 0 15 0 20 0 25 0 nncl 
300 ml of the caleium stand ud solution and thin add c ubon clio\ideii(< 
distilled w itei to the mail to ^et 4 b ^ It) md 12 111 ^, I'Ci 100 ml 
reapeetneh 

Pipcttw — Two t^pes of pipettes iic used m the method the fonstiution 
Upe, ^ modified to a lauei volume and sviiiui pi])cttis^ niodilied toi 
semiautomatic dehveo The ictmacv ot i ml s\ 1111^,0 is ibout 0 01 poi 
cent* Tlie b^iiiioe pipettes* iic cxtiaoidmnnlv accuiitc and tuithonnoK 
tiiu aie c\tiemelj eoiueiiieiit to lundic When the sum volunn ot u unit 
to be added to u luimbei of samples these pipettes will save mudi turn On 
tho other hind, thev ue not well suited foi pipittnu miin difJeKiil sam])hs 
because the elcidsjiaee of these pipettes ie(|iuits i thoioiuh ekmuip, between 
vath sample In this ease the constiietieii pipettes aie moic convenient 
^Vhen the comiiosition of tlie samples elocs not diffe i too much the w islmu 
o£ the pipettes can bo ncolceted The aeeiiiaev ot 1 1 ml eonstiictioii pipette 
IS about 0 1 jjer cent “ 

The sizes of constnction pipcKcs used aio 0 5 ml and 13 milliliteis f 
^tith s^ijii^t pijiettes it is couveiueiit to hue pipeties m the sizes ot 1 md 20 
'al to dehvei 0 5 and 10 ml lospcetuciv 


i uocrni HI 

ricluci 05 ml ol serum into a 12 ml P\je\ eentiifiuc tiihe Add 10 
of distilled watei (with a 2 ml sjimpe pipette adjusted In deiuei 1 0 ml ) 
Tbeii idd 05 ml of 20 pei cent tiichloio icetic kkI (with s\iuuo pipette 
’Adjusted to deliv 01 this amount) Ali\ the ooiitcnts thoioiuhh with 1 pai ifbned 
wooden applicutoi md allow it to stand loi five minutes (intiifiue foi ten 
iwinutcs it 2 500 levoliitions jiei minute Timstei 13 ml ol eentiifiuite 
(with the constnction pipette) into a ealilu itcd coloumelei tula \dd 02 ml 
of ooiicentiated umnoiiium hvdioxidet Funlh add 1 ml of potassium ole itc 
'h'oiiol u uent (witli i sviiiue pipette) illow it to st md toi fitteeii minutes 
J^_^^lhe tmlndit^ in a Kbit Sunimei'sou (inieio) photocleetiie eoionmetci 

^'*'1 nuUilrip^\^ \*^^^**' HJ«> be obtnlnvtl from N rtli in TmiI nnl In tnimcnt e n 

>n Dijclt nui\ b blaliiclfrom ViUmrlf Tl 11 e mj nn> I liil i Mj I ia 
tVnotlicr 1 n,i sjrinpu pIpUtL ulju t 1 to lcll\ i e) nl 1 r iimunlNl as 


1 tim tM.r 
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using a 420 (blue) filtei * Set the zeio against the distilletl 
(as desciibed in the Klett-Summeison manual) and then pioi 
It has been found most expedient to constiuct the standaid cm 
a specimen is analyzed in oidei to keep eiioi at a minimum 
of dilute standaid solutions of 6, 8, 10, and 12 mg of ealeiiini 
exactly as the seiaim would be tieated Eecoid the optical dciisiti 
the unknown the same way, Du Conveit the unknown optical 
milligiams of calcium pei 100 ml of seium accoiding to the equatu 

Mg Ca per 100 ml of serum = — x Mg Ca per 100 ml of staadn 

EXPERIMENTAL 

Saifei and Clark have investigated various conditions iiecessan 
oleate formation foi the determination of calcium m water The n 
ditions were studied in tins laboratory to insiiie optimum co 
calcium oleate formation with tiichloroacetic acid filtrate 

Effect of Variation of Potassium Oleate Rearjent — To 13 m' 
loacetie acid centiifugate weie added 0 5, 10, 15, and 2 0 ml c 
oleate-Duponol leagent, lespeetively One millibtei was found h 
quate amount to obtain the maximum optical density 

Effect of Vanation of Ammonium Hydroxide — To 13 ml tn 
acid centiifugate were added varying amounts of conceiitiated b 
then 1 0 ml of potassium oleate-Duponol leageiit was added 
densities observed lemained the same fiom 50 e mm of concentiat 
up to 320 cubic millimeteis However there was a decieaso iii 
densities obseiwed when 640 c mm oi more of ammonium hid 
added 

Effect of Variation of Time — The reaction seems to take p 
instantlv However it has been found that a slight mcicase m t'l' 
place from fifteen minutes to tliiii' heieattei the tui i 

almost unchanged 



SEIUAI C\LCIUM DETERMIMTION 


Precision of the Method — The icsults of Icii iiubsch on out s,am|il. c.t 
human seium aie shown in Table I The inciaoc \alue is !) C ni„ of ojltiui t 
jier 100 ml, and the mu\inium dctiatioii fiom the iveia^e is 0 0 in,, jui 100 
milhhteis 

Table II Deteii jim vtios o» Ibded Cilcium to Pooiio SErii i 


KRAMER TISDILL 

(mvcrometuod) 


KEPIILLOMETRIC 

2 0 ilL 

1 ECOVEI Y j 


(SIC PER 100 ML I 


(ilO PEI 100 MI 


' Eadi actermlnatlon shown Is the TAcraEB o( trlellcnte. 

wl — The lAciage recoieu foi tin tliiti ispciimonts 

en dO mg of caleniin wore added to 100 ml of seiuiii w IS } 7 loj tiip 
ramerTisdall method aiid 3 5 in„ poi 100 ml ot sciiim toi tlu miihili 
etnc method In the ease of 3 6 m„ jici 100 ml oi btiiim tiie lecovdics utu 
methods 1^-nnici Tisdall incl the nophclometiic 

^clahonsUip of Conccntiatxon to Optical Density — Nephelometiic measuie 
en s aie earned out !)> the same pioccduie ind instiuments used foi the 
mcasuieineuts of substances in solution, tliat is 1>> companson laanist a senes 
0 s aiidards Tiaiismittaiice meisurcincnt paiticulaxl\ ulien used m instiu 
meats equipped ^^^tll a photoelcctiic cell is the most sensitne and satisfacton 
or tie pioceduie descnbtd, it lias been found that optieal density ls diioet]\ 
Piopoitional to coiicentiation and thus resembles optical density ±oi substances 
m solution Theicfoit m this method turbidity mcasuiemeiit is caiiied out 
lesults aie calculated in the same manner as foi li^ht absoiption 

SUMM \R\ 

^ A lapid method foi the deteimmatioii of seium calcium Ins been piesentcd 
m possible to obtain the lesults in an hoiu on a duplicate sample of 0 5 
1 lilitei Tlie lesults ha\e been found to be adequate foi clinical purjioscs 
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CIECULATION TIME AN ACCUKATE INDICATOR 
FOE OBJECTIVE MEASUEEMENT 

Bernard J Miller, MD 
Phil VDELPHi V, Pa 

M any methods foi nieasuimg the \elocitj of blood have been pioposctl 
in iLcent yeais Desiiite this, theie aie few that aie simple to peitoim and 
dependable yith leteience to acciuate lediiplication ot measniemeiit 

The 1 espouse to the paiticulai substance used may be subjectne, sudi (s 
the sensation ot heat,^ ^ neuiomuseulai stimulation, ■* ” oi taste,'' vbile ob- 
jectne lesponses may be manifested by then eoloi® “ ladioactniti, or 
fluoicseence Obyiously an’^ method depending upon the patients pn 
ce[)tion IS subject to uncontiollable tactois which modify the accuiaci am 
(-onsecpienth the clmical \alue of the deteimiiiatioii In addition siiti 
pioceduies aie not applicable to the unconscious patient 

Duiing the couise of clinical investigations of tlie state of the cnciiation 
in suigical patients with the die T1824, the aiinal ot the die in the 
oi the eai iias fiist studied ivith the Millikan oMinetei ’■ The gahaiionie ^ 
deflection with this instiument ivas not sufficientlv lapid ioi ciu nation 
measuiement, noi iias the deflection of sufficient magnitude to pro 
unmistakable end point The photometei to be desciibed gnoi" 
lespoiise and deflection Stabilitj is sufficient to peimit lalid 
the changing optical density of T182-i ovei a consideiable peiioi o ^ 
Studies of the mixing time ot T182-1, using this method, mil he lepoi 
latei communication 

The piinciple miolied depends upon the measuiement o o 
which have been adeciuately filteied to insuie lelative 
aie thiee essential components to the appaiatus, nameli a 'a pliotocdl 

and scieening filtei iiliich tiansmit light in the nciniti ot 6_ * > 
and diiect coupled amplifiei ot high sensitivity and good staii 
indicating galianometei oi giaphic lecoider 


yppVRATUS 

Light Soiuce — The light source is mouuted it one end of the ^ suppl'‘»o 

utilizes I 0 to S ^olt bulb (Jlizdi 50) operated it 5 5 volts In n 
neeess irv light, the bulb also tumishes gentle heat which produces inticns. m 

sequent increase in both blood ind d>e thickness This is desirib^^^s ,.yrrent i 

thickness produces a reduction in nionochromatic light intensitj 

tamed at a constant value bj the introduction of the countertcll ( rah iiw'm*^’^ 

'beUer°tl.ino’-^J’^^'’"' 

wet storage cell (D, Fig 1) is used to operite the light 
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into the circuit Const int cuirent is indicated bj central n )' Tir*r 

Fig 2) connected across E7 (Fig 2) Voltage regul ition is 


jledical 


Collis 
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••ecorJIntr cJrculjtlon time nJtJ T}s'>i i Light source B flU t 
'anom t ^ I’hotocfiJl compartment D terage botteo for Jight tire / nmr r nal 
ter t Esternne \nsu« graphic rccoiding itt(r <? liitct couplet ainplil! i 


^Li<jht Filter — Tlio acreemng filter is u codjijo ite mnt coDbi of t»o Conung: sm 

0 -ilh and No 9780 Tlic cvact aiiectnl trunsnna ton i uku uud witli i <5pcctrophouieti r 
‘C* etween oSSOA and OoOO \ iFit)i 300 per cent trm tin inn at olOOA. nnl sO pci cent at 
hJlOA. The filter la placed in the t-oinpirtnunt (JJ 1; in fiont tf the jhotocell nu 1 
completelj acreens all light iiasiing through the eir to the jiJioto ell 

Photocell — Pliotromc culls were not eoD'odirel iippii ihJe he* lU'e of their mJierent 
instability and sensitivity to infrared light i^ In addition rh< output of piiotionii lel) i 
i^atfinent for recording low vilucs of light intensity with relitneh lUg^ed in trummf 
ihc pliotoeniissivo tjje of cell KCA No was fount to he conltitetuh suit ihle hecimse 
ds spectral re ponse small size and stability t Adi*f(uate Iif,ht nal apaciti hielling 
provided bj means of a small metal cilindtr whi<h i serureiv fa t ntd to the frame of 
1C ear piete {C Fig 1) The light aperture is 3 m in diameter Tiie photocell is con 
^cctetl to tlio ani^ihfier by mt ins of a hiLh insulation shielde 1 cable an 1 coaxial connector 
n anode ]Jotenti il of 7 3 to 10 yolts will not product lomzatmn of the rttilual gas m the 
I occli The response to minute changes in li„ltt mtcnsitj is instantaneous 

I'aph^^’r — In order to obtain maxiinum sensitmtv plus lar„e reapou-o from a photo 
necessary that the grid current of tin nitasuriug tube, he in the vicimtv of 
amperes. Grid current m measnnng tubes plites a lower limit on the current 
ensitiTity Thcte char ictcristics mij le obtained in speciall} designed electrometer tubes! 
m acorn tubes operated under spetml conJitione Gahus and Pooled and recently Nitl eui 
t-li QWTt that acorn tubes ma\ be operated with gri 1 current comparable to that 


-p filter No 6 0 obtained from Rubicon Coiiipanv Phlhi leJpJila Pa. 

11 C V. Slanufacturlng Company Inc. Camden N J Form PT ORI 
Connanx General LlectrJc compon} Schenectad> N 1 D 5647 tyestern Electric 

> Newark N J vw II VIctorten Instrument Company Cleveland Ohio 
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obtained with special electrometer tubes by simply reieismg the suppa->or attl contid 
gilds and leducmg opeiating potentials Bj viitue of the two posunoh cliaio'od ^nl , 
LI and G2, ions foimed m the hot cathode are prevented from le idling the lontrol „'iil 
This eliminates the greatest source of grid curient The elections, on the other lianil, ate 
aiceleiated toward the control giid, G3 
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, n> 10 ohm 

Pig 2 — Schematic diagram of amplifier Ri, 100 to potentionictir 

Mound potentiometer General Radio #301 R3, ^ Radio *111 cliw 

Radio #301 B3 2 000 ohm wire-wound poteiRmrneter General^ rlicostat I'lO 0^ |„- 
ohm wire-wound potentiometer General Radio #314 A ire-wound lived rui ^, 

shunt R6 5 0 ohm rheostat with 10 ohm shunt R7 ID ohm UrjM ohm 

temperature coefficient RS 5 0 ohm semivariable ''^,"2 resistor chm 

wire-wound flxed resistor RIO, 10 megohm R13, >n nucr> 

wire potentiometei R12 20 000 ohm wire-wound “i. resistor ^ 

wound fixed resistoi R15 RIG, 60 000 ohm "'•I'®"'' ,JL,npre panel meter "'‘.pi, SI 
ampeie panel meter with 0 to 100 scale 3/1, 0 to 1 pole single dirow pj 

to 60 scale Si S3 4 pole single thiow switch SI, olt batter> ("‘IvJtteD ^ 

pole 4 position selector switch BI 4 5 volt batte^ -o- ,,Trtpn SS, 3 00 'Olt o-., [^jtan 
2 0 volt stoi age cell Bj 6 0 volt battery volt batteo 22 i 

6 0 volt batterv BS 6 volt storage battery B9, 2 volt stor g 

BII, 7 5 volt battery ^ 

The sensihvitj ordiuarilj obtainable with the special Puse 

the stability of the tube itself and that of the batteries r® cm-Oii 

the use of sensitive, long period galvanometers and cumbersome work, ’’ 

restrictions to single tube circuits make them unsuitable for lo 

one desires to record a rapidlj changing sequence of events ratin' "* clciif""'''' 

The amplifier discussed in this paper einplovs an acorn ,on take 

fashion in conjunction with a current amplifier (Big 2) ^ of v TUp 

of the high sensitivity obtainable with on acorn tube an .jj,,, of l.f 

recording instrument Inverse feedback further increases ‘ i Tin- ^ , 

and renders it completeU free flora botlieisome drift an ,]etiection Tin w n^^ ^ 

a three hour test period is less thin 0 20 per cent of u sc^^^^ full sialc 11 

galvanometer may be anv rugged instrument with a nimini bos { > 

milliamperes A speciallv designed, multiple reflection type o 
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a mirror gaU uiomctcr nio\ement ^10/0 and u 12 nicli s(.ale nffordw immist il ubk 

reading of light mtcnsitj The ciiclo cd light source consists of i. pen light t>pc of bulb 
a condensing lens, and a lo \olt drj battcr\ The shunt rCMstanco is equal to the 
critical damping resistance of the movement Vn Esterlinc A.ngus grnpiiic Reorder (F 
Fig 1) with a 1 ila movement mav bt u ed for continuous recording of optical densilv 
Fall scale deflection of the recorder is easily obtainable with tho stand irj amount of bght 
passing through an ear of normal tliicknesa and the light filter 

A type EGA j^959 acorn tube is used in the first stage The grid input resistance is 
seiccteil bj means of switch S5 (Fig 2) Surface leakage in the grid selector switch is 
reduced to a minimum, bj first treating the switch with DC 200t and fusing at a temperature 
of oOO C for at least two hours The suppre sor grid, G3 and control grid, Gl are 
reversed m position The plate ind serwn arc optnttd at b volts mil the filanicntti at 
OS volt llicse reduced operating conditions improve stabilitj and reduce grid current A 
negative bias of 4 5 volts on the control grid Q3 results m i hneai respon-^e Tho potentiil 
of Grid Ql is maintained at approiciniatch 0 8 volt positive depending upon its effect on the 
slope and the linearitj of tho plate curve 

The second and third stage function ns voltage and current amplifiers respectivdv 
The output of tho acorn tube EC \ #959 is fed diroctlj to tlic grid of an K C A #IKi) 
A negative bias of 4 5 volts is sufficient to control plitc current The treen grid and 
plato are both operated at 45 toUs An BC jjflCo is used m tho last stage with 45 volts 
applied to tlie screen and 22 5- volts to tlio plate V negative gnd bins of 2 5 volts will 
permit cutoff operations ju this stage 

An input resistance of 108 ohms will produce full scale defiection of the recording 
meter when the photoeell receives light pnssin^ through an ear of norm il tiucknes's and the 
filter A 1 volt input signal wiU produce a o Ma increase in the plate current 
of tho final stage 

Tlie entire amplifier with the exception of the photocell is enclosed m a heavv 
aluminum cabinet (G Fig 1) The tubes lud input resist ince are fiimlv supported 
on tho metal panel by means of metal brackets and are fuitlier enclosed m an aiitight 
plastic case containing anhydrous calcium chloride This further reduces atmospheric 
effects on tho surface resistance of the tubes and improves tabihtv Vll batteries with 
tho exception of the G volt storage cell used for the light ource are enclosed in tho cabinet 
The B batteries are of medium size since the current drain is miniiiml 

Operation — A double pole double throw switch permits tlie use of the internal 
galvanometer (if Fig 2) together with the variable shunt {FIS Fig 2) or an external 
indicating device The amplifier is placed in operation bj means of switdi SI (Fig 2) 

V warmup of about five minutes is sufficient to insure tab Iitv The bulb and bucking 
circuit {B6 and Illl Fig 2) are placed in operation by means of SS (Fig 2) The bucking 
circuit IS nece&sary only if the indicating meter got off calc wlion usin„ the stindard 
amount of illumination Zero setting of the indicating galvanometer is determined by the 
position of Fd (Fig 2) With tho amplifier operating slit,Iitl\ above zero bias the inverse 
feedback control (EJ Fig 2) is gradually rotated clockwise to the point wlierc the meter 
deflection begins to decrease This position indicates adequ ite locking of tlio input and 
output signals and effective feedback operation Further adjustment of tlie mver c feed 
h'lck and zero controls is not necessary Tho condition of all batteries mav be determined 
from tlie meter (MJ Fig 2) by rotating swatch S4 (Fig 2) 

METHOD 

The amplifier is placed in opeiation No adjustments of zero or feed 
bacly controls are necessary The patient is placed m a recumheut position 
The ri ght arm is elevated to the appioNimate position of the nsht auricle 
Rubicon Company 

Mich tliylsillcom. DC 00 supplied b> the Dow Corning Corporation Midland 
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“Giaphic measurement of aini-to car circulation time usinc 


of Tis:ii 


and the eai piece is applied to the light cai Theie is no nee 
the patient about any sudden leaction Illuniination is nc\t ‘>pp^^ 
eai The gahanometei deflection will deciease sliglitl> lull 

minut&s and then come to lest This is due to incieasnig lasoci a a 

_ _ . , n ,lieC 111 


eai The gahanometei deflection will deciease slighth lull 

minut&s and then come to lest This is due to incieasnig lasoc i a a 
scale deflection is ne\t obtained by means ot a potentionietei 1’ \iui 
put ciieiiit An 18 gauge needle is then inseitcd into the an 
of the light aim and attei a shoit pause appioximalel} 3 c( o ^ 


•0 1 per cent sterile solution of riSJJ supplieU b> 


Willimn Wainer Cuim<‘"' 


N Y 



niCITLVTION ilMI \(.(Uimi 1M)I(. VTOR lOIt OBIl ( 11\1 \I F VSURUll' \ T 915 


ripidlj injected A stop \\ itch im\ ho used to dcteimiiic the time intci\al, to 
the nearest 0 5 second between the moment of injection and tlie besinniiio 
of oahanomctei dellcction 

Some slight difficultN ma\ be oncoiinteied in difteicntiatin„ the lit^inning 
of gah inomctei deflection iiom the stoad\ fiuctuilioii ot the f,al\ niometei 
due to lespnation The ciioi ni this iep,did is of no clinical si„nific nice 
since it is alwaj below 0 5 second Tins dilTiciilti is eliminated b\ iisiiit, a 
onphic lecoidci If a iccoidin^ motci is used the time mteml mai be 
determined bj nieasuniio the time base (Pi^ 3 ) Ciieulation time im isuie 
nieiits maj be made to 0 1 second with tins mctliod The detcimiintion m n be 
repeated if desiied 

OUSFR\ \TI0\S 

V seiics of cn dilation time mcasmcmeiits using 11^24 was made on i 
gioup of eighteen patients who did not exhibit an\ ehnic il CMiknci of con 
oGStuc heart disease In addition icpcat mcasincmcnts weie made within 
fifteen minutes usiiig snnllei (junititics of d\e (Tal)Ie I) These \ dues weic 
then compaied with those olitamcd with a standard clinical pioceduio usiiio 
calcium gluconate 

Circulation time measuiements with T1824 \aiied between 10 0 and 210 
seconds, with in aveiage of 14 2 seconds hi one instance both initial and 
repeat determuntiona iG\caled a ciicuIation time of 210 st conds This was 
obsened in a 68 jeai old emaciated white male patient Two sets of deter 
nnnations were obtained in Ncoio pitients In these instances the gahanometer 
dettcction was icduced but was still witbin adcqiiite lange to ie\eil a shaip 
end point The ^leatest diffeicncc between icpcat iDeasiuemcnts was 2 0 
seconds (Table I) 

ilcasuiement of the cnculatiou tunc with calcium glucon ite laiied between 
12 0 and 25 0 seconds with an a\cia„e of IbO seconds In tluee instances 
the patients weie confused in lelatiou to the moment of lieat sensation in the 
phaijnx The diffeience between the a\ciat,e eiiculation time obtained with 
T1824 and that obtained with calcium gluconate foi each indnidual \aiied 
between 0 8 and 6 5 seconds 

DISCUSSION 

Ciieulation time measuiements obtained with T1824 aie in general agree 
luent with those leported foi methods using larious chemical substances 
Ooldbeig^ using calcium gluconite rcpoittd iioimil ciieulation times between 
10 and 16 seconds Beinstein and Simpkins* lepoited an a\eraoe of 12 9 
seconds foi circulation times with magnesium sulfite Jla^nesium sulfate has 
tile added adiantaoCs of pioducmo a sliaipei end point and liein^, less toxic 
than cileium gluconate “ \.\cia„e ciieulation times in noinnl niduiduals of 
20 8 seconds liaie been icpoitcd when papa.\ciine was used ^ 12 S seconds witli 
'‘Ipha Iolielme° and 15 6 seconds with lluoiestciu " Circulation times mcisiired 
with calcium gluconate weie always lon^ci than tliose obtained with T1824 in 
this study 
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The differences obsened bet^\een repeat measiuements ^MtIl T1824 -weie 
2 0 seconds, oi less, in all cases A diffeiuiicc of 2 0 seconds was observed in 
iv .0 instances the lemamdei ueie nithiii one second LilienfUd and Beilinei^“ 
reported differences of 3 to 199 per cent in repeat determmations usmg 
alpha lobeline, with fadiiio to obtain am leaction in 20 pei cent ot then 
patients With papaveiine diffcienccs in duplicate determinations have been 
as great as 3 seconds * 

SUMM VRT 

The azo dye T1S24 mav be used as an objectne measuie of circulation 
time Inherent eirors of subjective methods aie eliminated and patients aie 
not aware of any discomfort duimg the piOr,icss of the test The test ma> 
bo performed in indiMduals having deeph pigmented skins with only slioht 
sacnficc of galvanometei deflection 

The use of monochromatic light ind a hi^h sensiti\it\ indicating appaiatus 
permits detection of minute amounts of dve in the blood stieam 'Validity of 
circulation time measuiemonts witli T1824 is dciiendent upon tlie sensitivitv 
and time constant of the amplifier The amplifici desciibed has a short time 
constant and high degiee of seiisitivitv Amplification is sufficitiit to pioduce 
galvanometei deflection as high as 10 4 ccntimcteis In addition provisions aic 
made for continuous recording of d>e concentration in tlie blood stieam 

The author wishes to thank Dr John H Oibbon Jr, and Dr Frank F Allbritten 
Jff for assisting in the preparation of this manu cript and air ilaitin Sillier for 
assistance and oiImcc in tlio meclinnicnl construction of (hn 'ipjiirntus Tlio author also 
lesires to acknowledge tlio technical assistance of Mr Franz GoUlstem and Mks Therc’^a 
D Urso m the performance of circulation time moaburcinents 


REFERENCES 

1 Goldberg, S J tJse of Calcium Gluconate ns a Circulation Time Test Am J M Sc 

36 192 193G 

2 Bernstein M and Simpkins S The Use of Magnesium Sulfate m the Measurement 

of Circulation Time Am Heart T 17 218 1010 

3 Gross, D The Measurement of the Lunj, to Fact Time b\ Vm^l Nitrate Am Heart 

J 30 19 30 1945 

4 Elek, 8 R and Solarez S D Tlic U c of Pipniennp as an Objective Measure of 

Circulation Time, Am Heart J 24 821 1942 

0 StanojeviG L Determination of Circulation Timo With Dobclinc Ztsch f Krcialaufforsch 

30 521, 1932 

6 Gargill s l The Use of Sodium Deh\drocholate as a Clinical Te^t of the Velocitj of 

Blood Flow, New England J Med 209 1089 1933 

7 Fishberg A M Hitzig, W M and Kinj, F V Measurement of Circulation Time 
„ With Saccharin Proc Soc Exper Biol Med 30 Col 1933 

3 Weiler J, and Wittenbergor J Vn Objective Method for Dttcrmmmg Circulation 
Time from l^monary to S>‘?teniie Capillaries bi U o of the Oximeter J Chn 
Inv 26 447 194G 

J Jabalon B Cohen, J and Swciskj V Clmital Studies of Circulation M ith Objcctne 

10 -ni (Photoolectnc) Method Utilized J Chn InveHtigatioii 14 1 192< 

Blunigart H L and Tens O C Studies on the Velocity of Blood Flow The 

11 T Method Utihzed J Clin. In\ cstigation 14 1 1927 

11 Lange K, and Bo\d L J Objectue Methods to Determine the Spool of Blood 
io Flow and thtir Results Vm J M Se 206 4u0 1943 

1 -iiillikan G A The Oximeter an Instrument for Measuring Continuously the Oxjgcn 

. Saturation of Artemi Blood in Man Rei Seicnt Instruments 13 434 194- 

I'l Brabkin D L Photometry Medical Plij sics Chicae,o 1944, The 1 car Book Publishers 
Inc 



916 


ailLLER 


W 

S o 

W cr 

^ ^ w 
^ ^ rr, 

« g “ 

^ §§ 

a g H 

H g W 

5 p> 

g 2 o 

5 £h W 


CO CO 

CO 

CO 

CO O O TO O 

O uo O LO C 

04 pH 

pH 

CO 

oi 'HI m CO m 

C'l o W CO 10 

+ -I* 

_f- 

+ 

+ H* 4- -f- + 

4" 4* + 4* + 


o o o o o o o 

CM •iH W C5 TO O 
r-< I— < 04 r-< 1—1 r< 


o Irt t- t- CQ 

CO i-T 1-1 lo o »>“ 


b-OOOlO OWOWH 
rHiHrJi-i^r-l b-COf^t-O 
r-lC4t-lHi-l riT-lr^!-lt-l 


O lO »0 lO lO 

i-l o o o o o 


O O O Cl I”* 
m Cl n O c 


<0 CM Cl Ci lO CO UO 
O O f-1 O O O T-i 


OiOiTOlOt- 
01 1-1 pH i-i O 


O O CO Cl Cl ^ " 


<3 ^ 

J g H 

giss 

cs w 


O O IfS lO »0 w 

CO (M PH »0 O O 

pH pH pH pH pH pH pH 


O O O W O 

Cl pH ’H' 
pH d pH iH rH 


o o o c Cl N * i: 


W CO U5 w U5 ITS WTO'O^’O^’^ 


o s§ 


h1 ^ ^ 

•JoS COOOrJHoC50r*10t-OOOt- 
S Bi^'^OOrHOOpHpHClCMOlpHO 
Q rH 


►4 ^ W ^ 

t^oS^ ooooooooooooo 

ShSw ^’-‘COClCOH<lOCOpH<MOb-t- 

HH ~ >■_ V tH 1— ^ ^H pH pH pH ^H pH pH pH pH pH 

O 


^miooociooiooooo 

ggS rHpH ClClrHCl<MpHClClpHC3 

fl ^ ^ 


pH r}l rJH TO ® 
Tfl Tji LO lO CO 


lO O O o 2 

pH pH HI ^ 

H Cl H pH 


O t- O O O 
04 pH d Cl N 


COPHr^-^ir » ■:’: 

pH.o-octri-'^ 

;5 

OOOOO^I si 
t- CO Cl £- o ;;;^ = ^ 


Cl 0 ^ 
?*- 

S N r-1 Cl Cl i: - 


^ ,5 
B 


i C3 c» ci 

> ^ (m ^ 


S a O o a 

-g -g a a s 

2 2 o o o 

3 « -S -S 'S 
? ? 2 2 2 
O Ofii (1( p< 


° ° ° S Cl 

gggSo 


a S S S S 
2 2 ° 2 1 
§ § J S S 
o o o 2 2 


r I- U I- I- 

“Sii| 

tJ o 2 2 s 
2 £ 6 = = 
o =5 =i 

■g o o 2 2 


Mm^KP P’ 

H t-3 P P 


w ^ 2 ^ ^ rr ^ ^ 

^r- ^ ^ ., 

p> ^ 1 



ANTIHYALUKONIDASL ANT-\(_ OMSTK TO I \LUJIOCOCCUS 
HYALURONIDASE IN THE SERLH OP NORM VL III MAN BEINGS AND 
PATIENTS IVITII PNEUMOC()( OK PNI I MONI V RISE OP TITER 
IN BACI’ERBIIIC PNI I'MOCOCCK PNI I MONIA 

RocrRT T Thompson Al I) 

CiNtiNwn (huo 

problem of lapidl} filnl put innotuccic putumonia at the Cincinnati 
1 General Hospital lias pioinpud the piesent iiif|uii> into the pathogenesis of 
tins disease Appioii.imateh one fourth of the fatalities due to pneuniococcic 
pneumonia at this hospital in the last thiee yeais occiiired withiii twenty four 
hours of the patient's admission ' ^ Between Jnlj ] 1945 and Jiih 1 1947 
tliere were 426 patients with pneuniococcic pncunionii admitted including tliosc 
with purulent complication on admission tlie mortality has been 15 pei cent 
In 1931, from a stud^ of buman antops} specimens Loeschcl concluded 
that acti\ely advancing pneuniococcic pneumonia spread witbm a lobe of lung 
by progicssion of a peripheral zone of edema fluid containing pneumococci fiom 
aheolus to alveolus thiougli the poies of Kohn Tins was coiroborated e\peii 
mentally bj Roliertson, Coggeshall and Terrell * Gunn and Nuiigestei and 
Wood® These investigators found that spieading espeiimental piieumococcic 
pneumonia was marked by a peiipheral zone of alveoli tontaming fluid and 
pneumococci wliieli preceded definite change m the appearance of the aheolai 
cells or the migration of ei’ythiocytes and polymorphonucleai leucocytes into 
the alveoli Robertson and associates® also described regurgitation of this 
infected alveolar fluid through communicating biouchioles into previously 
uninvolved alveoli of the same lobe of lung Robertson and Ilambuiger de 
scribed the inteilobar spiead of c\peiiinental pneumococcic pneumonia by the 
mtrabronchial flow of infected fluid exudate 

Filtrates of virulent cultures of pneumococcus contain spieading factoi 
(diffusion factor) which pioduces edema when injected into the flank skin of the 
rabbit® This edema pixiducing effect of spieading factor was demonstrated to 
be enzymic when Chain and Diithie** established the identitv of spreading factor 
and hyaluronidase in 1939 In a survey of m vitro liy aluronidase production 
by eighty one strains of pneumococcus isolated from successiv e cases of pneu 
monia, Humphrey found no correlation between the amount of hyaluronidase 
produced and the clinical seventy of pneumonia” However the in vitro pro 
duction of hyaluronidase by pneumococci, which vanes according to the avail 
ability of hyaluronic acid in the medium and the duration of incubation of the 


p,vii Mork was done In the Departmenta of Internal Medicine and Biocliemlstri of tlio 
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culture, may not truly reflect the elaboration of hyaluromdase during pneu 
mococcic infection Therefore the present investigation was undertaken to 
study in vivo elaboration of hyaluromdase during pneumococcic pneumonia 
in man 


Spreading factor was fiist described by Duran-Keynals m 1928® when the 
lesion of vaccinial infection of the rabbit was enlarged bj'’ aqueous extracts of 
labbit, guinea pig, and rat testicle The spreading effect was characterized 
by a zone of edema and xvas ascribed to an increase of tissue pernieabihti In 
McCIean^“ and by Hoffman and Duraii-Reynals Duiaii-Eeyiials found this 
spreading factor in filtrates of only invasive strains of staplivlococei and strep 
tocoeci and not in noninvasive strains 


Plvaluronidase is the enzyme which hydrolyzes the viscous niucopohsac 
charide called hyaluronic acid Hyaluronic acid, the substrate, has been 
extracted from mammalian vitreous humor, synovial fluid, umbilical cord,“ 
and skin There is indirect evidence of the presence of hyaluronic acid in lung 
tissue Hj'aluionic acid is soluble in watei and will not dialyze through a 
porous cellophane membrane The exact chemical composition of hjaluronn. 
acid IS undetennined, but it is knoxvii to contain equimolar amounts of hexosa 
mine, acetyl, and glucuronic acid^® Hyalmonic acid, the substrate, is not 
antigemc,'® in contradistinction to hyaluromdase, the enzyme, which is anh 
genic The studies of Bensley*® suggest that hyaluronic acid is one of t e 
components of the intercellular ground substance of loose connective tissue 
Accepting the probability of this pi emise, Duran-Reynals has propose ® 
hypothesis that infection by invasive bacteria is induced by hvdrobsis o t e 


mucoid ground substance of connectix'e tissue 

■jQ 40 » 

Hyaluromdases are antigenic, as demonstrated by McCleau m 
Therefore it was proposed to estimate the amount of pneumococcus 
dase elaborated in selected cases of pneumococcic pneumonia by titration o 
corresponding antihyaluromdase which was elaborated in the seium oi 
patient A series of sera was drawn on each patient tested and rises 
hyaluromdase titei in a given patient’s series of sera were taken o 


elaboration of hyaluromdase during that patient’s infection 

Three groups of patients, representing three rather definite dCo^ 
severity of primary pneumococcic pneumonia, were selected for 
Qualifications of the patients selected foi the lespectue groups were 
Negatix'e blood culture and no purulent complication, pneumococcim^^ purulent 
and no purulent complication, and pneumonoccus bacteremia 
complication All of these patients weie studied while they were jjjjiuded 
ment for pneumonia at the Cincinnati General Hospital All pn gyinu 

here had blood culture taken on admission to the hospital, an 


was drawn within three days of admission 


ibstraet fom' 


A prelimmaiy repoit of this work was published ^ 

1946,-’* and a later report was published in abstiaet form m ^ ^ 

•These reports were read at the 1945 and the 1947 Meetings of tUe 
Clinical Research 
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METHODS 


Serial dilutions of the serum to be tested Mere incubated with a constant 
amount of hyaluronidase, and then these incubates were tested for residual 
hyaluromdase activity Byers' modificatiou” of iMcClean's inucoprotem clot 
prevention (MCP ) test^° The highest dilution of the seiiim which inactivated 
a constant amount of hyaluionidase was taken as tlie diitihvalurouidase titer 
of that serum 

♦ TJie hjaluronidases used m these tests were Seitz filtered seventy two hour 
cultures of mouse virulent Types 1 2 and 7 pneiimoeocei in fluid medium which 
contained 0 75 per cent potassium li 3 aluronate and no glucose The potassium 
hjaluronate used was prepared bj the method of B^ers T\tell and Logan 
The three hyaluronidases used m the preliminarj tests^* were prepared by 
Gibert in the semisynthetic medium wluch she de\ eloped for pneumococci^* 
The three hyaluronidases used m subsequent tests were prepared in beef heart 
infusion broth (Difco) By the mucoproteiu clot prevention test five of these 
hyaluronidases were active in the dilution of at least 1 16 000, and the sixth 
was active in the dilution of 1 1,200 

The constant amount of hj aluromdase used throughout these tests was 
025 cc of the unrefined hj aluronidase which had been diluted so that a 1 8 
or a 1 16 dilution prevented the mucoproteiu clot, regardless of the oiigmal 
potenej of the preparatiou used This dilution of each hj alurouidase was 
freshly prepared each day and was used to supplj all tests done that dav All 
dilutions of hj alurouidase and of seimn to be tested were made in 1 per cent 
proteose peptone lu phjsiologic salju® Tins solution minimized a partial loss 
of potency which occurred when the hjaluronidases weie diluted in distilled 
water or phjsiologic saline 

All of the sera lu one patient's series of sera were tested at one time with 
one hyaluromdase preparation Five to seven nonual sera and the serum of 
Patient A T * as the control weie tested at one time with the Type 2 pneumo 
coccus hyaluromdase Twofold serial dilution begimimg with 1 2 was made 
for each serum tested Usually ten dilutions weie made for each serum, but 
more were added as needed to obtain an end pomt Seium dilutions were made 
m the volume of 0 5 c c in tubes 100 by 13 millimeters The constant amount 
of hyaluronidase in the volume of 0 25 cc was added to each serum dilution 
and to a eoutiol tube containing 0 5 c c of proteose peptone salme with no 
serum The tubes were mixed by shaking the tube rack then they were lucu 
bated at room temperature (25 C ) for twentj minutes The final dilution ot 
serum m the first tube was 1 3 and the final volume in each tube was 0 7o 


cubic centimeter 

Etsidual hjaluromdase activity winch remained after incubation of the 
serum dilution and hyaluronidase mixtures was determined as foUows 

(1) To each tube nas added 1 0 c c of substrate This substrate contained 
equal volumes of three components dialyzed tryptie digest of umbilical cord 


cvrdUl'^’i® patient was sfx months "rype s'pneumococcus 

ctpJlUs with repeated septic pulmonary emholl which were compucaiea uy ±yvv *' 
eoipi etna 
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■sshicli contained appioxiinately 0 20 pei cent hyaluionic acicV* normal liorso 
serum which exhibited neithei hyaluionidase noi antihyahnoiiiclase actinti, 
and distilled watei 

(2) The tubes were mixed by shalcing the tube laek They iveic incubated 
in a watei bath at 37° C for thirty minutes, and then cooled in an leeivaler 
bath foi five minutes 


(3) To each tube was added 10 ce of 5 pei cent acetic acid, and each 
tube was shaken individually and lead foi formation of the niucopiotein clot 
The highest dilution of a given seium which exhibited either heavy oi tlireadv 
clot was taken as the antihyaluionidase titer of that serum Eesults vcie ex 
pressed in teims of dilution of seium piioi to addition of the siibstiate htm 
ty of the constant amount of hyaluionidase was demoiistiated in the control 


tube by prevention of the clot 

The mucopiotem clot prevention had a standard eiioi of about 22 percent 
as estimated by McClean in his own use of the test ““ The deteruiiuation of 
antihyaluionidase, as done here, permitted a twofold chance variation of titer of 
a given seium, but fourfold variation did not occur For example, antihjalurou 
idase determinations were repeated eight times on the seium of Patient A T 
in its use as a control seium, with titers of 1 384 six times aud titem of 1 19- 
two times 


Table I Antihyaluronidase Antagonistic to Pneumococcus 

Type 2 Pneumococcus) , Serum Titers op Normal Human Beings^Comfvr 



TITERt 




NORMAL 

PATIENT 

NORMAL 


IsO 

SUBJECT 

A T 

A T 

NO 

1 

1 192 

1 192 

1 

26 

2 

1 192 

1 192 

1 

27 

3 

1 192 

1 384 

1 2 

28 

4 

1 192 

1 384 

1 2 

29 

5 

1 96 

1 192 

1 2 

30 

6 

1 96 

1 192 

1 2 

31 

7 

1 96 

1 3S4 

1 4 

32 

S 

1 96 

1 384 

1 4 

33 

9 

1 96 

1 384 

1 4 

34 

10 

1 96 

1 384 

1 4 

35 

11 

1 96 

1 384 

1 4 

3fa 

12 

1 9b 

1 384 

1 4 

37 

13 

1 96 

1 384 

1 4 

38 

14 

1 48 

1 192 

1 4 

39 

lo 

1 48 

1 192 

1 4 

40 

16 

1 48 

1 192 

1 4 

41 

17 

1 48 

1 384 

1 8 

42 

18 

1 48 

1 3S4 

1 8 

43 

19 

1 48 

1 3S4 

1 8 

44 

20 

1 48 

1 384 

1 8 

45 

21 

1 48 

1 384 

1 8 

46 

22 

1 48 

1 384 

1 8 

47 

23 

1 48 

1 384 

1 8 

48 

24 

1 48 

1 384 

1 8 

49 

25 

1 48 

1 384 

1 8 

50 


normal 
subject 
1 IS 
1 48 
48 
48 
48 
24 
24 
24 
24 
24 
24 
24 
24 
12 
12 
12 
12 
12 
12 
12 
12 
12 
G 
6 
G 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


1 

1 

1 

1 

1 

1 

1 

1 

1 


TlTERt 

PATIEM’ 
A T 
384 
384 
384 
384 
384 
192 
192 
384 
_ 384 
I 384 
1 384 
1 384 
1 384 
1 19G 
1 384 
1 384 
1 384 
1 384 
1 384 
1 384 
1 384 
1 384 
1 192 
1 384 
1 384 


SOKMU 
A T 
1 8 
18 
IS 
1 8 
1 8 
1 8 
IS 
1 10 
1 10 
1 10 
1 10 
1 10 
1 10 
1 10 
1 32 
1 32 
132 
1 32 
1 32 
132 
132 
132 
132 
1 ol 
1 ol 


*xi3ls patient ‘Nvas six -y rmr » t 

carditis and multiple septic pulmonarv emboli with T>pe - Pu *«nt amount of ! 

IThe highest dilution of the seium which inactivated the cons 
used In the test 
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RESOI TS 

Normal Human Seiiim — intiMalmoiiidase autagonistio to Tjpe 2 pueu 
mococcus liyalui onidase nas piesent in the serum of tuo noimal Imman bemgs 
m the same titer as that of Patient A T foui were ^ the titei of Patient A T 
ten were 34> sixteen neie 14 sexen weie 14o ume xveie and two weie 
>/e4 (Table I) 

Setum of Pneumococcic Pneumoma Paiients — Seiinl sera of twcntx six 
patients with pneumonia weie tested sexen pnticnts had negative blood eultuie 
and no puiiilent eomplication, elexen pTtients had pueiimococcns baeteieniiT 
and no purulent eouiplicatioii eight patients Ind pneiiniococcus bacteremia 
lutli purulent complications 


lABLE IL AUTinx XLUrOMDXSE IN PNEUMOCOCCIC PlLUMOVIl Bl ODD ClETIllE NegxTIXE 
A2»D No Purulent COMPiicvTiONS Tabulation ot Serim Vntiiiyalironidy^xE Titeps 
Plotted on the GRvrns m Fia 1 



DAYS ILL 


DUS FROM 





DUS FROM 

FIRST SEHtJAf 

TYPE OF PN 

TITER OF 

TITER OP 

PN TYPE 

BEFORE 

VDMISSION TO 

TO lUOUEST 

UTALUKONIDASE 

FIRST 

HIGHEST 

ADMISSION 

FIRST SEUDM 

TITER 

ANTAGONIZED 

sERrir 

TITER 

3 

7 

0 

18 

1 

12 

12 




18 

2 

12 

1- 

18 

10 

1 

31 

1 

24 

48 




21 

2 

_4 

48 

1 

3 

0 

32 

7 

48 

9t 

7 

1 

0 

19 

o 

384 

384 




19 

7 

192 

192 

*>0 

Unknown 

3 

5 

14 

1 

o 

192 

9() 

884 

48* 




5 

7 

Ol) 

103 

7 

4 

0 

8 

1 

24 

6 

6f 



8* 

2 

24 

12 

2 

1 

10 

1 

384 

192 




10 

2 

192 

192 




10 

7 

96 

48 


/^^‘^^aluronldaae titers decreased 

T 3 patient died on the dfteentli hospital da> of left ventricular cardiac failure 


Serum of Patients 'With Negative Blood Cxdtme and no Pxiridcni Coniph 
caUon Antihyalurouidase responses obtained in the se\en patients in this 
group are presented in Table II and Pi^ 1 a^d the sequence of eases in Table 
I corresponds with the sequence of graphs m Fig 1 The sera of two patients 
were titrated against Type 1 Type 2 and T\pe 7 pneumococcus h^aluroni 
sera of four patients ^\ele titiated against two of these hj aluronidases 
sad sera of one patient weie titiated against onlj one hjaluronidase Changes 
of sntihyaluronidase titer found in these fifteen titrations of serial sera were 
one fourth fold once, one half fold four times unclianged fi\e tmies, and two 
old five times The abscissa of each graph repiesents tlie time in days sub 
sequent to hospital admission at which seiuni samples were draiMi from the 
patient The oidiuate represents the antilijaluromdase titers of tlie sera tested 
ospressed as the reciprocal of the highest dilutions of sera vvhicli niactuated 
constant amount of liy aim onidase Each curve lepiesents tlie antilnnl 
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uromdase response as titiated against one of the hyalin onidases Prom the 
graphs in Fig 1 it can be seen that none of these patients exhibited rise o' 
seiuni antihyakuonidase titer which exceeded twofold, representing no ris» 
within the accuiacy of the test 


'pn 3 


Pi, 20 




Ph 18 


Pn 7 


’ CATS 


Pn 1 


Ph 6 





Pig 1 — ^Antlhj alurontdase In pneumococcic pneumonia blood culture ncgatbe 

The clinical data pertaining to these seven patients aie shown in 
Then aveiage age was 45 7 years An average of 17 lobes 
pneumonia, and the average hospital stay was 16 4 days The ouv ^ 
eiiried m a 72-yeai-old woman who died of left ventriculai caidiae ^ 
her fifteenth hospital day, four days aftei loentgenogiam had s own d> 
lesolution of the pneumonia 

"D PULTURE 

Table HI Aktihvalurootdase in Pneujiococcic Pneuitonia, blood 
AND No Purulent Complications, Clinic il data 



AGE OF 


treatment 


P\TIENT 

LOBES OF LUNG 


PEN! 

P^ T^PE 

(YR ) 

IN^^OLVED 

j SULF\ 

CILLIN 

3 

74 

LU,EL 

+ 

0 

18 

29 

RU 

+ 

0 

1 

33 

EL 

+ 

0 

7 

32 

LL,RL 

+ 

0 

20 

5^ 

LL, RU, EL 

+ 

+ 

7 

26 

LL 

+ 

0 

6t 

72 

XjL, HLi 

+ 

+ 


Average 45 7 


1 71 



20 000 W 


tie» 


•Sulpha. Ordinarj doses of sulfamerazine* or sulfadlMlM 01)8 

units of amorphous penicillin every three hours intramuscularly 
peutlc antipneumococcic rabbit serum (Lederle) cardiac failure- 

tThls patient died on the fifteenth hospital da> of left \entrc ^ ^ 

Serum of Patients W'lth Pneumococcus Bacteiemia and m ttL 

plicatum Autihjraluronidase responses ohtamed m the e ei en 
group are presented in Table IV and Fig 2, and the sequence o ^ ^ 

•N^o distinction uas ni ide m tliis or thtf» other nneumococciw^j^ 

tion of pneumonia was lobar or bronchial The type of ^^^/i^ii^bv^roent&eDOgrain 
in all cases and the distribution of the pneumonia was Identinea s 
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IV conespoiids witli tlie seqiiejiee oi ^jiaplis jn Fjst 2 The seia ^^ere titrated 
against Tjpe 1, T>pe 2, and T 3 pe 7 pneumococcus h} aluroniclases Rises of 
aiitihyaluronidase titei found in these thuty thiee titrations of seinl seia -were 
no change once, twofold se\eu tunes fourfold six times eightfold ele\eu times, 
and sixteen fold eiglit times Fiom the curves in Fig 2 it can be seen that the 
first eight patients exhibited uses of titer v\hich v\eie fourfold or greater and 
that SIX of these eight patients oxhibitetl uses uhich ueie eightfold or gi eater 
These increases of autibyalurouidase titei v\ere all appaient during the patients’ 
first week of hospitalization and weie not specific for pneumococcus type In 
four patients who weie observed foi more than thirt> dajs the highest rise of 
serum antih}aIuronidase titei occuiied thiiteen to tliiitj davs aftei pneumo 
coccus bacteremia The last three paticuts m this gioup exhibited rises of 
titer which were twofold oi less ie 2 >i 6 SentJng no use within the accuracy of 
the test 


Table IV ANTim \luronidase in Pneomocoocic PvtuMONiA PNEuMOCornm Bvcteremia 
W iTuouT Purulent Complic vtions Tadui-vtion ot Seri m Antiiivalui onip^se 
Titers Plotted on Graphs tN Pro 2 


PV TTPE 

PKTSllL 

BEfOBE 

ADMISSION 

DAVS FROif 
\DiiISSrON TO 
FIRST SERUM 

1 DAVS > ROM 
PJTIST SERUM 1 

1 TO HIOEtEST 1 

t TITER 1 

TTPE OF PN 

uv vlubonidase 

ANTAGONIZED 

1 TITER OF 
: FIRST 

1 SERUM 

1 TITER OF 

' HIGHEST 

1 TITETl 

7 

5 

1 

12 

1 

24 

0() 



12 

2 

12 

U 




12 

7 

24 

10- 

2u 

4 

o 

21 

1 

4S 

7(.s 




21 

2 

48 

384 




21 

7 

48 

384 

3 

Unknoun 

1 

13 

1 

9C 

1530 




13 

o 

192 

708 




13 

7 

9G 

768 

7 

5 

1 

14 

1 

24 

384 




28 

2 

12 

192 




2S 

7 

24 

192 

p 

1 

1 

17 

1 

or 

3 j36 




30 

2 

00 

768 




10 

7 

48 

384 

u 

Unknown 

3 

15 

1 

90 

768 



29 

2 

43 

708 




29 

7 

48 

708 

7 

3 

o 

18 

1 

96 

768 





2 

90 

768 




IS 

7 

24 

384 

1 



21 

1 

4S 

302 





2 

90 

384 




21 

7 

48 

19- 

1 




1 

go 

192 





2 

90 

192 




G 

7 

48 

19- 

”5 

Unknown 

1 

18 

18 

1 

96 

48 

192 

96 




IS 

7 

24 

43 

S 



14 

1 

96 

192 




14 


00 

90 

— 



14 

7 

90 

102 


Ul of these i)at!ent5 recovere 1 
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The clinical data pei taming to these eleven patients .lie slioiin iii Tabl^ 
V The a^eiage age was 45 2 yeais An aveiage of 1 6 lobes i\as imohedl) 
pneumonia, and the aveiage hospital stay iias 29 0 days All of tlie^e cleid 
patients lecoveied 



lent complications 


Table V Amihyalubonidase in Pneujiococcic Pneumonia, Pneomococcls 
W iTHODT Purulent Complications, Clinic il Datv 


JJMTEIUO 


PN TYPE* 

\GE OF 
PATIENT 
(TR) 

LOBES OF LUNG 
INVOLVED 

T 

SULFA 

reatment 

PENI 

CILLIN 

f 

SERUJC 

7 

37 

HU, 

RM, RL 

+ 

+ 

+ 

25 

42 

RL 


+ 

+ 

0 

3 

45 

LL, 

RU 

+ 

0 

0 

7 

58 

RU, 

RM 

+ 

+ 

0 

12 

35 

RU 


+ 

+ 

0 

14 

58 

RM, 

RL 

+ 

+ 

0 

7 

44 

RL 


+ 

+ 

0 

1 

49 

RM, 

RL 

+ 

0 

0 

1 

18 

LL 


+ 

+ 

0 

25 

8 

Vverage 

bo 

47 

45 2 

LU, 

RU 

LL 

1 bo 

+ 

+ 

0 

0 

n 


♦All of these patients recovered 

tSulta Ordinary doses of sulfamerazine* or sulfadiazine 
of amorphous penicillin every three hours lntramusculari> 
antlpneumococcic rabbit serum (Lederle) 

tThese complications occurred during convalescence 


rnvlPLlCATlQvS 

Cerebral 
thrombo is, 
Vzotemi i 
Vzotemi i 
Pleural 
effusioa 
0 

Pulraon irv 

infarctiou! 

Delaved 

resolutiea 

0 

0 

Vzotemia 
0 




IIV\3 O' 
110 = 
PlTil 
40 

V 
11 
w 

10 
4o 


9 

19 

3> 


serum 
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Seuim of Patients With Pneumococcus Pactciemia II ith Piitulent CompU 
cations Aiitibyaluronidase lesponses obtTiiied iii the eiglit patients in tins 
group aie piesented in TuWt VI and 3 and tlie sequence of cases m Table 
VI corresponds ■vMth the sequence ot in Pig- 3 The seia v,eio titrated 

against T}pe 1, T\pe 2, and T-spe 7 piieuiiiococcus lij aluionidases Rises of 
antib} iluronid ISO titei found in these twenty foui titiations of seiial sera were 
fourfold SIX times eightfold fi\e times sixteen fold three tunes tliirt} two fold 



three times, and sixtj foui fold or greater sexeu times Fiom the cui’ves in Pig 
3 It can be seen that all eight patients exhibited uses of titei which weic four 
fold OP greatei, and that foui patients exhibited increases which -v^eie eightfold 
or gieater Rises of antihjaluionidase titei in six patients were apparent dur 
"'o the fiist ueel of hospitalization and in all patients x\eie not specific foi ty 2 ^o 
of pneumococcus In fi\e patients a\Jio weie obser^ed foi more tliau thutv 
dajs the highest use of seium antihx aluroiudasL titer occiuied ten to tueiit^ 
seven dajs after pneumococcus bacteremia 

The clinical data pertaiuiug to these eight patients aie shown in Tabic VII 
The aiera^e age was 48 3 years An aveiage of 1 7 lobes Avas in\oRed bj pneu 
inouia, and the avenge hospital staj was 41 0 days The first six patients 
reco\ered, the seventh died of empjema on the twenty fifth hospital daj and 
iJie eighth died of multiple lung abscesses on the thirty second hospital daj 

Particular Considciations of the Antihyalui omdase in the Serum of Pa 
^^nts With Pneumococcic Pneumonia Studies which indicate that the anti 
liyalurouidnse m these seia v,as specifically antagonistic to hyaluronidase elab 
orated by the species pneumococcus have been reported elsewhere ® 
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Table VI Antihyalukomdase I^ Pneumococcic Pneusionia, Pi^eumococlis Dtro ruu 
'U'^ITII PUPULENT COMPLICATIOlsS, TABULATION OP SEBUJI ANTIHY\LUP0MD\SE TlTP > 
Plotted on the Graphs in Pig 3 

PN TYPE 

DAYS ILL 

BEFORE 

ADMISSION 

DAYS FROM 
ADMISSION TO 
FIPST SEPUM 

DAYS FROM 
FIRST SERUM 

TO HIGHEST 
TTTER 

TYPE OP PN 
HYALDRONIDASE 
ANTAGONIZED 

TITEi Oi 
FIRST 
SERUM 

TUB OF 
HIGHEJI 
TUB 

8 

3 

1 

19 

1 

90 

4Db’ 




48 

2 

00 

]9o,iy 3 




48 

7 

9G 

21,3/0 

1 

4 

0 

8 

1 

48 





31 

2 

12 

1,5 0 




8 

7 

12 

331 

1 

4 

1 

12 

1 

12 





12 

2 

3 

/lb 




12 

7 

<3 

]'/' 

12 

0 

3 

47 

1 

9G 

3j1 




89 

2 

48 

3M 




14 

7 

24 

m 

7 

Unknown 

1 

10 

1 

12 

h 



10 

2 

24 

% 




10 

7 

24 

K 

1 

Unknown 

1 

26 

1 

48 

703 




20 

2 

24 

/bb 




26 

7 

24 

ti'-l 

5* 

5t 

3 

7 

1 

2 

19 

16 

19 

22 

22 

22 

1 

2 

7 

1 

2 

7 

384 

192 

192 

48 

24 

48 

1,)30 

/oS 

l,o3tl 

PI 

n 

p’ 


•This patient died of etnpjema 

tThis patient died of multiple lung abscesses 

T^\BLE VII ANTinYALURONiDASE IN PNEUMOCOCCIC PNEUMONIA, 

Bacteremia With purulent Complications, Clinical v 


PN TYPE 


\GE OP 

patient! 


LOBES OP LUNG 
IN\OLVED 


1 TREiVTMENT* | 

SULPA 

PEM 

CILUN 

SEFUJI 


8 

17 

EL 

+ 

0 

0 

1 

37 

LL 

+ 

+ 

+ 

1 

43 

LL ' 

+ 

ot 

0 

12 

71 

EU 

+ 

+ 

0 

7 

52 

EU, EM, EL 

+ 

+ 

+ 

1 

52 

EU, EM, EL 

+ 

+ 

0 

5t 

00 

EL 

+ 

+ 

0 

5t 

60 

LL, RB, RL 

+ 

+ 

0 


C OMll ICATiQ Nf, 
■^mpjenu 
Einpienia 

Enipjema 

PyarthrOais, 
azotemia 
Meningitis 
Enipjonia 

EmpM®‘‘ 
Lung 


1103 
riTii^ 

ul 

iCt) 

tO 

i\ 

ul 

L 


A\erage 48 3 


1 75 



•Sulfa , Ordinary doses of sulfatnerazme’ or sulfadiazine Po 
of amorphous penicillin every three hours intramuscularly sciuu 
antipneumococcic labbit serum (Lcderlel 

fThls patient received intrapleural penicillin only 




T'lnis pauent received intrapleural penicillin oni> r. 

tThese patients died on the t\\ent>-flfth and thnt> -second hosp 




little aii« 


Therapeutic antipneumococcie labbit seium jut^piieuiiiey^"'’ '■ 

byaluromdase The highest dilution of Type 2 


serum* which antagonized the constant amount of IjP® 
uioiudase was 1 12 , 

its ^ 

•The antisera tested y\ere Lederle Lot No 172H676J 50 000 
Lot No B4555 20 000 units per vial 
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Intravenous admmistiatiou of 200000 uuits of T>pe 1 theiapeutic anti 
pneumocoecic rabbit senini (Lederle) in two mjections to i pitieiit with Tjpe 
1 pneumonia did not briii" about an increase of the patient s seium autihjal 
uromdase titei m the twoda^ peiiod folloning the antiseium but did pioduce 
a marked rise m titei of aoglutmiiis fox the specific pneiimocoLCus Tlieie 
uere no aj-glutiiiius foi T 3 pe 1 pneumococcus befoie tlie antiseium but 
there was a piOoiessive use of agglutuim titer to 1 2 560 (2 plus) is obseiwed 
at four mtcnals in the two da\ peiiod One patient with T\pe 7 pneumonia 
who was given 200,000 units of Ijpe 7 antipneumoeoccic labbit seiuni intia 
venous!} in one injection exhibited no ilnngc of seiiim antiliv ahuonid ise titei 
twenty dajs later 

High therapeutic coucentiations of peiiicilhn and sodium sulfadiazine did 
not exhibit antihjaluiomdase activitv when titiated against piieumoeocLiis 
hjaluronidase The coucentiations tested wcie -i units ot peniciUm pei cubic 
centimetei (Food and Diu^, Administration Stindaul) and 20 mg pei 100 cc 
of sodium sulfadiazine 

Low titer and hioli titer antih>aluiouidase seia fioni one patient and sen 
fiom two other patients exliibitcd no loss of intilivalnionidnse activitv followin, 
one horn at 56 C m a water batli 

Patients with othei pneumococcus infections without imeumonia exhibited 
iises of serum autiUjaUiiomdase titei Oue patient with pneumoeoccic inenin 
gitis secoudaiv to mastoiditis and another patient with niesothelioma of the 
pleura complicated b} pucuinococcic empjema exhibited lespectiveh fouifold 
and eightfold rises of soium ‘intilivaluiouidase titei is tested with the three 
pneumococcus hyaliirouidases One patient with T>pe 12 pneumocofcic noitic 
endocarditis and no evidence of pneumonii exliibited a rise of seium anti 
hjaluronidase titei from the titer of 1 3 to the titer of 1 192 as titrated with 
Type 2 pneumococcus hjaluronidase 

DISCUSSION 

The rises of serum antihjaluionidase titer repoited heie indicate that 
hjaluronidase is elaborated in the baeteieinic pneumoeoccic paeumouias In 
general following an optimal injection of an antigen theie is a lag of a few 
dajs before the appeaiance in the blood of the corresponding aiitibodv The 
titer of this autibodj rises rapidlj to a maximum w hich usually is attained 
between the tenth and tweutv second day after mooulation According to 
these principles elaboration of hvaluioiiidasc in foiiiteeii of sixteen cases of 
hacterenuc pneumoeoccic pneumonia began duriu„ oi befoie the first weel of 

hospitalization 

The relation of this elaboration of hjaluronidase to the seventj of pneu 
aiococcic pneumonia is not cleai The rises of seium autihjaluionidase titer 
J''hich were exhibited bv all patients with purulent compile itiou suggest that 
*'aluronidase niaj piomote incieased peimeabihtv of pleuial meningeal, oi 
■synovial tissues In corroboration of tins impression all patients whose serum 
exhibited no merease of antibyaluronidose titer were free of purulent comphen 
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tion Ineiease of antili’^ aliuomcldse titei could not be conelatul \\itli tb 
numbei ot lobes imolved b-y the pneumonia since the dveiage niimbei of 
invohed nas siinilai m all gioups 

The autihyalui onidase lepoited heie nid}" be smiildi to the iionantilutUni! 
theiapeutic factoi ■which ■was lepoited to be piesent in antipneumotoieie Imw 
seium by Sabin in 1932 

The occuiience of small amounts ot antihyalui onidase antagoiihtu 
pneumococcus In alui onidase in the seium of all ot fitti noiinal Innnan buii'^ib 
notable, but its significance is ohscuie Ten of these people weie liigb '.cIk 1 
\ouths 17 and IS ■yeais ot age, and fortj -weie medical peisoniiel of the tincm 
nati Geueial Hospital between 20 and 30 jeais of age 

The absence of H^ie specificit}'’ of the antihyalui onidase lespoiisc in pneii 
mococcic pneumonia is consistent with the finding of Fiioii and "Wenucr tlial 
an inhibitoiv substance in the seium ot labbits iminiinized with piieiiiiii)o»i 
ueutialized enzymes (In aluiomdases) deiived tioin si\ ditteieiit tipi^ "i 
pneumococci 


SUAIAIARY 

Antilij alui onidase in the seium of fifty noiiiial liunian beings aiitagonUa 
to Tjpe 2 pneumococcus hyalin onidase w'as compaied with the same ai^^^ 
In aim onidase in the seium of Patient A T who was sis. 
from Type 2 pueumocoecus endocarditis All of the fiftj uoima 
tested had some degiee of this antih 3 ’alui onidase Since 
iiients demonstiated that seium antihj'aliii onidase antagonistic to 
In aim onidase is not type specific, these obseivatioiis upon the seia 
human bemgs pertain to hvalm onidase elaboiated hj’’ all tspes o pua 
Seiial seia of tweiits' six patients svith piiinai}’’ 


wit'i 


weie tested foi a ntihs'alm onidase bj*^ titiatiou against 
filtiates of Tjpe 1, Tspe 2, and Tipe 7 pneumococci Seien pa 
negatne blood ciiltme and no puiiilent complication exhihitei 
aiitihs aim onidase titei Eight of eleseu patients with tii^f 

lemia and no pmiilent complication exliibited uses ot ajitihya^^^^^^^^^^^^^^^ 
which weic tomtold oi gieatei All ot eight patients with 
eniia and puiulent complication exhibited uses ot titei ot bpeiil"- 

The uses ot antihjmlm onidase titei wdiich weie obsened wcie n 
pneumococcus ti pe ,,runi'm 

Theiapeutic antipneumococcie labbit seium exhibited jiorW“‘ 

pneumococcus In almonidase than did a majontx" of the seia yilfa 

human beings High thei aiieutic concentiations ot penici 
diazine exhibited no antagonism ot pneumococcus 113 m mon' n' 

A use ot seium antilnalui onidase titei could not be ' 

patient wuth pueumococeic pneumonia b 3 the acah>'’‘-'‘ 

theiapeutic antipneiimocoecie seimn, but a piogiessne 1 
titei toi tlie homologous pneumococcus xvas piodiiced 
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CONCLUSIOK 

Rises m tiie titer ot stiinu aiitilnalmomddsc antuoni^tic to pneuinoLoccus 
hjalurouidase, found m sixteen patients ^\ltIl hacteiemie pneumococLio piieu 
inonia, indicate tliat hj duronidase -wis ehborited and ■v\as uitigeiiio in tlicse 
pneumococcus inteetions Tins elaboi ition of hj aliuoniddse is appaient 
dunn^ tile first ■\\eek ot hospitahz ition in fouiteen of tliese sixteen patients 
i\itli pneumonia The elaboration of ]i> ihiionidase appeal’s to be lelited in 
some 'wa’v to the de\elopment of inuiilent complications m pneumocotcic pneu 
monia 
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THL ROLL OF IIIGU BLOOD PENICILLIN LL\ CLb ACHIEVED AMTH 
CARON VAIIDL IN PENPTR VTING THL BLOOD BR VIN B \RRIER 

llrNRv D JvNO\\nz AID S brvxLt^ hcn\unjso\ AID AIvkc\ L Si^smw 
AID, iND 1 KrDnuci H Ki\c AID 
New York N Y 

I N A previous reiioiP v\e desciibed i method foi pioducing sust lined hi,,li 
penieillm levels in the blood This consisted of titquent i ipid intiaveiious 
injections of large doses of eivstdllinc penicillin in conjunction vvitli the oial 
administration of Caionamidc (4' c‘iibo\}phcnjlmetlnncsulfoinnilide) The 
lattei inhibits tubulai cxcietion of the antibiotic The method was found to 
be safe and effective 

In a leview of pievious investigations AA^vl lepoitid dis ie,icenKnt on the 
question of vvhethei any pemeiUin tiavciscs the blood biam biiiiei undci normal 
and abnoiiiial conditions AAHien penetiation into the spinal fluid was lepoitcd 
the levels recoidcd weic low Smith and coll iboiatois* gave 100 000 imits ot 
penieillm mtiavenously to piticnls with iioimal and inflannd meninges and 
foniid onlj tiaces of penicillin in the spinal fluid Thev (oneluded tint the 
ineiimges are lolativelj niipoimcablc to pemeiliin Schwcmleim and co woil eis 
administered penicillin bj intiavcnous diip in amounts varving fiom 10 to 2) 
unllion units in twentv foui houis and found tlie highest spinal fluid level thus 
ichieved to I c 055 0\foid unit pci inillilitoi Bcciuisc ot these and siinilai 
findings bv otliei authois, ceicbiospinal infections have been ticated bv the 
intrathecal route a pioccduie not without hazaid ^ " 

Foi the studv reported below twelve patients fice of infection of the eeiitial 
nervous svstem weie selected In eight of these twelve patients one million 
units of civstallme penicillin vveic adniiiiisteied rapidlv intiavonoush eveiv 
hour foi ten houis In foui nainclv Patients 3 4 5 lud 7 a continuous intia 
'enous infusion of 10 pei cent clueo‘'c in 1 000 cc of distilled watei was admin 
isteicd duimg the ten lioiu pciiod and the penicillin was injected even houi 
into the distal end of the lubbei tubing Eight patients received Caionamidc 
in doses of 4 Gin everj tliiee horn’s staiting eighteen houi’s pnoi to and con 
tinning during the peiiod of admiiiistiatioii of tlie antibiotic These included 
patients who received the hourlv injections and two who received penicillin 
dong with a continuous intravenous injection of e,lucosc Poi comparison 
Caionamidc was withheld from the lem iiiiin^ fom patients 

The periplieial venous blood and the spinal fluid samples wcie obtained 
■'PpioMniatelv fifteen minutes aftei the I ist (tentlO injection of tlic penicillin 
In some of the patients specimens also vveie obtained fifteen minutes aftei the 
filth IS well as the tenth injection and fouiteen ]ioiir& after the last (tentii) 
nijection 

SInal Hospital® Molltil S rvJce and the DM I n of Bacteriologj Laboratories of Uio Mount 

Rccchca for publication Vlaj 6 1318 


933 



934 


JV^O\\nZ, SCHMIIFKSON, bU'^S'M \\ \\D KING 


The method of penicilbn assaN was a bioth tube dilution metliod iwn,' 
StapJuiJoLOcciis aiDeus, stiaiii H, as the staudaid oigamsiu and uc4\ iiiul 
cNtidct bioth as the medium The mminial eonceiitiation ot the staiidaul jhw 
nllm-' lequiied to inlnbit the inoculum of 5 x 10 = Staph auieu', strain II ulU 
uas 0 02 unit pei millilitei All titiations ot blood and spinal fluid leiclsnui 
accompanied by and compaied with this standaid 


IVBiL I Penicillin Lecels in the Blood vnd Ceelbkoswv cl Pllid Vitep the U'HIM 
trction op Onf Million Units oi Cknstcilinf Penicillin E\lrc Hour foi Tes lloir 
AVitii and AAit'iolt Cvroncmide (in Oxford P\its Per Miiiiiitfu) 


1 

1 ■VTllM 

1 TIMb 

1 AFTEP IIFI'II INJECTION | 

1 VFTEB tenth INJECTION I 

14 H0613 LWEP 

BLOOD 

SPIN Ui 

i-LUID 

BLOOD 

! SI IN VL 1 
1 FLUID ' 

j SlIVU 
BLOOD ! U'll' 




With Caionamide 


1 

2bG 0 

20 

160 0 

44 

2 0 'P 

2 

260 0 

20 

280 0 

60 

44 OS 

p 



100 0 

20 


a-” 



140 0 

5 0 


5 



280 0 

10 


0 



280 0 

06 

20 0 0 1 )s 

7 



220 0 

44 


s 



300 0 

2 5 





WlihoHt Caionamide 


3 



40 0 

0 24 


o'* 



12 5 

0133 


7* 



40 0 

10 


9 



20 0 

0133 



•Injection made into tubing of continuous intracenous drip 


It mar be seen fioni Table I that substantial peuicillni let els t\eie ao® 
m the ceiebiospinal fluid, especiallj* when Caiouaimde t\as emplo'C' 
adjuvant The levels in this gioup langed fioni 10 to 6 6 *'^1113^10! 

ot spinal fluid with an avmiage of 4 0 units pei miUilitei Iiituo pa ic j 

attei the fifth injection a level of 2 0 units of peiiicillni pei i'p i 
fluid v\as piesent Penicillni was still found 111 the spinal flint m ‘c 
tested foul teen horns aftei the last injection ^ ^ 

In a numbei of instances the blood penicilliu levels weie j„ti 

had been anticipated This occuiied in two patients who 
biotic vua the intiavenous tubing thiough which a 10 pei cent so n 
was being admniisteied It is believed that such factois as 1 u ion ^ 

penicillin because of diuiesis inav have plaved a loie 10 ‘ jipn jcu’b 
leteived niteiniittent injections and Caionamide, the blood iw 

maikedh elevated as pievioiislv lepoitecP put ivn‘" 

touiid 111 the blood and spinal fluid of those patients v >0 i 


Caionamide 


These studies demoiistiate that substantial penicillin ;;\atein3 
111 the ceiebiospinal fluid of patients with noinial ceiebiospina^ elui'-^ ’ 
1,11 Aip niPMimablv rliip to the elevated blood levels an i i„Tiiirhi‘'’ 


la* c,»a« 


levels aie piesumably due to the elevated blood levels 
pcimeabilitv of the meninges Howevei, it is possible 


that even 


)„4htr h"' 


•Obt'iincd from the United States Department of Vtrit-nUurc 
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might bo att^mcd ni the 1110*501100 ot dit>eised and moit pOimeable meinbiaues 
In such ca»;e 3 intrathecal Klimmsti itioii of ptiiieillni m tlie tieatment of the 
infections mifiht pio\c unneces.sai\ 


SUMM ll{\ 

IIiJi peiiicillm le\ds in tlic CLiobiospiiial thud ueic pioduccd 111 iioinial 
mdniduals b\ a method designed to pioducc high sustained blood lei els In 
three instaiicts the piesenct of the antibiotic nas still demomstiable in flit spinil 
fluid fouiteeii hoiu*s iftei the last intia\ciious injection oi penicillin 
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THE EFFECT OF SODIUH SALICYLATE UPON SEKTEI DISC \,sF 

IN RABBITS 

KiTH VRIXE Smull,* M D , Robert W WlsSLER, Ph D , 

AXD Jaimes il W vtson, B S 
Chicago, III 

IXTRODUCTION 

^HE theiapeutie %alue of salicylates in the tieatment of acule ikmiLt't 
evei and serom siclmess has long been lecoguized,* = but moJ dinuda 
pcnence^ ^ as ^indicated that these diugs have no specific eftect upon (hp diM.o.M 
piocisses Theie has been little oppoiliinity hovevei to obsene vliitiici th 
osions of these diseases aie alteied by salicylate theiapy Although an exjun 
menta appioach Mould be helpful in evaluating the histopathologic efacLi oi 
ese mgs, m the past this type of study has been impossible because oi tli 
a iseiice o± a suitable counteipait of iheuinatie fevei oi seium sicluiesi in aniinah 
cecent 1 such an oppoituiiitv has been ofteied b\ the pioducfion oi strum 
( iseasc in labbits® and the deinonstiation that it is chaiacteiized In hsions 
o t le aiteues and heait nhich aie sunilai in seveial inspects to those oi jcuit 
iheuinatic fe\ei ® 

The foUoMing expeiiments neie undei taken, theiefoie, to test the uiihii!'''<' 
ot sodium salicylate theiapy upon the lesions lesulting fiom the iiijeuioa of 
labbits with laige intiavenous doses of noimal hoise senim Because a iiierwds 
study had suggested that the neciotizmg aiteiitis which some rabbits dudop 
foUoMing hoise seium injection might be due in pait to arteiial spasm 
oppoituiiit-s Mas taken to study the aiteiial blood piessuies of sonic ot tlmam 
nials dm mg the couise of development of the lesions In addition the ervthiw't' 
sedimentation lates of the rabbits M^eie measuied, since pi ehminaij obienalicU' 
indicated that they became elevated cluiing the couise of seiuni disease m 
labbit as in man It Mas hoped that these determinations might gne a clmua 
^asiue of the se\ entj of the dei eloping lesion wheie other ciiteiia had lade 
We ako ivished to asceitain the efteets, if anj, of saliejlate thwapj upo” ‘ " 
inci6&sGcl SGclmientation latGs 


EXPERniENT^VL. PROCEDURE V>.D MVTERIVLS 

Two experiments were performed In tlie first, fifteen rabbits were u ed 
jire iminary period of eight dajs before the first injection of hor-e 'Cram, four dt-tsriiu ^ 
ot each animal’s blood pressure and sedimentation rate were made to Cs’abb h uorva p 
On the first Uax of the experiment all but two of the rabbits were matted ffJth I'l p 
kilogram of horse serum intravenously The two uninjcctod animals soned a= r®® , 

for the blood pressure determimitions and the other tor salicylate thenpi 
pressure s and erythrocyte sedimentation rates, the latter always aecoiupanicil •> y'- 


^om the Department ot Pathology The Lniyersltj of Chicago , U k 
Jackson Pal-k skmtorium'^ ^ memorial fund 

Receiyed for publication May 24 194S 
•La jRabida research felloyy for 1917-191S 


930 



liner ot SODIUM s\iic\i \n os sntuM nisi \sr i\ uvunns 


937 


fklcnnmations, ^\trc mensuul on illirnito dajs tlirout,liout Uio experiment On tlie sixth 
fullowiuf, the imtnil injtclion of horse scrum a number of tlio rabbits })Of,an to shnu 
(loiJiil stOimcntution nifes anil i.r>llJiij)alou8 cars® siig-fttstinj, a serum reaction 

ScMjjum snbcjJato treatment \wis tJien Ix/^un i« half the iiijccttrl rabbits am] one of tlio un 
injected controls lu tho trcntniont of iculo rliLiiiimtic fc\Lr Coburn advotatod innintuinmff 
plasma «ihc}lnto levels above 3o0 {,animii per milliliter Because this average Icvd la rabbits 
ilniost alwajs results lu sovero toxieitv tho dru^ was administered in quiatifns designed to 
iiiamtam an avern^o of about JuO gamiui per milliliter throughout the twintj four hour fenod 
Tlio aninmls were paired so tint Ihosi showing similar sediment ition rate increases wen 
divided between tlio salicylate treated mid the unlrt ited groujis 'salicvlato titer ipy u is « on 
tinued through tho tenth day when it was nssunied tli it fh« (is. uo it at tion to the first injot tion 
of liorso serum was eomplcto ^ On the sixficnlli day of the experiment sal tcv late tin r ipv was 
resumed m tho tri lied rabbit Sinco in oui expcriciiee irfentis has been producid in gn iftr 
iiilensity am] m more tnimnls faJloiuii„ a second large injeftiou of horst seruin ad of tho 
amnnls were reinjecUd intrnvfinously on the sevenleentli dnv of (lie expennunf with JO ml 
per Kilogram ‘sahoylnto lliornpy was continued for the followiii,^ elteen divs at the > ml of 
winch time the treated rabbits iiid thur toiitrola were sucnli td amj uitille letim wtn 
taken for histologic study 

Twenty two ribbits wero used in tin stooiid experiment winch w is imilar in j Ian to tin 
first witli tho following exceptions Blood pressures were not detirmineil Sc lumntifijn rat s 
and hcmiUoerits were caeh mcisurtel twice before tho experiment sfirliiJ five cvtii aim 
twelve, and fourlceu days after tho first injection of horso strum and two Jmir an 1 ix 
days after tho second injection h ighteen ribbita wore injected witli liorsc* eruni time nieivi 1 
fialicylito only and ono served is i cuntreil on the cITeets of blee ling ten rilbits of tlic 
group injeetcil with hor e eriuii vvero Inntce! with salicylato beginning on tho aixfti dav in i 
(mlmeiit was contmued m (ho survivors uutil Iho experiment e ndtd V sis on 1 injei ti m i 1 
liorso scrum was gixen on (he sixteenth day of (lie c\i>crimeiit and the survivors wen surifi i 1 
on Iho twenty second day 

Iniandif — lliirtj even i<lult riblnls of both sexes were used With tho exception of 
four animals they were ill ilhinos Ihcir initial weights v iried from ] D to 3 9 kilograms 
'liny Were c igoil singlv and ftil n coainu re i il rabbit food nnlwutcr id libitum 

Horse ^scruiit — iuo Jots of iioniml hor c Mriini uithout pusenativo were used] om 
for each expirniieiit \n alupiot of earli was cultured immcdiiitoly before it was injtclcil ind 
was found to be sterile the i rum w m injected slowly into a literal cir vein using sicnlc 
pU“cantions 

Scdiaienifltion Julies — Iheao were determined using thick walled capillary tubes with the 
si>eciflcations of Westergren ’ Iho tubes were filled to a 20 cm nmrk ind their lower ends 
wero plugged witli modeling clay They were kept m a xertlcul position by tho method sug 
gested by Foster 13 Ury oxalato niaxture*-* bcntd as tlio anticoagulant llemitoerits won' 
always dclcrmincd amiult incouslj by a mieroiiicthod i the sedimentation rate re idings were 
niado at two liours and were corrected for aneiiu i with data obt lined in tins labnratorv b\ 
lusldiuigliio ^>iio employed this techniquo with tho sinio strain of rabbits Willi this imthod 
tho hiaItJiy rjjJdnt with a norm d Jicnnitocnt has n two hour stdimcntafion rale of Jess Dian 
^ millmiclcrs 

■Arterial Jilood 1 rcssurcs — IhcMi wero mci ureil usin^ tho nicUiod and njiparaturt de 
scribed by Qr mt and Botlisdiihl ” llie Mine point on tho saiiio car artery w is nbe 1 for 
^ach dctcrmin ition Hio ear was nlwnvs vvunnd until thero was maximal xa odilalution iw 
front of tho light which served us the soiirec of illiiimiiation for tho readings liaii Ihnn 
riadinga were mndo m r ipul succession nml the ivcrn^o was rerorjed is tho blooil pressure 
Botli systolic and dnistobc rcailin^s wero obtained 

‘iodium SahcyUito Idimmslration — IioJiminiry cxpcriintntn indic ited tint it was iicc 
cs-ary (o gj\o a tot il quantity of 7o0 jn„ per I(iIo„rniii in divided doses each day in orJcr to 
"’’unt im a ilicylato levels of approximnltly 2i0 gainm i p<r milliliter or above throughout most 

Ue.ckliinl itabblt I tllcls 

(Kin lly supplied pj Dr b G Jones of the I tll> Itcsearcli Foun Inllon Indlnmpolls Ind 
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of tlie t^\entJ foui koui period lu the first experiment the silic\late was idiuini toml w 
enh treated ribbit in three divided doses of 250 lUg per kilogram at S 30 MI, tin m, 
iiid 10 10 P VI Two routes of administr ition were tried in this experiment On dai^ 'eito, 
eight, and nine a 5 pei cent solution of sodium salicvlate in distilled water was fed In dora c' 
tube Bee luse of technical difliculty in pissing the tube ind the deith of one of therdilut 
from tradieal passage, the drug was given subcutaneouslj in a 4 per cent solution on tie 
tenth daj A\hen theiapv was resumed on the sixteenth daj the subcutaneous route was ag m 
used and continued until the twenty eighth daj An occasion il dose w is omitted if the animjl 
appeared toxic 

In the second experiment, a 5 per cent iqueous solution of sodium sahcjlate was gma 
be stomach tube throughout the treatment period This route w is cliosen because furtlw 
observations hid indicated that a more sustained lea el could he attained m this fa hion an! 
further expeiience had made this route safei Although the times of admimatration wfie 
--imilir to those of the first expeiimeiit, the amount of drug was a iricd from ralibit to ralibl 
and from da> to d ij as follow s A total of 850 mg per kilogram divided into thru du i 
w IS guen for the first twoiitj four hours Thereafter the dail) quantities wen adju tel 
i( I ordiiig to the plasma leaels obt lined in an ittempt to maintain conipinUe leicl Tb 
dmded doses aaried between 75, 75, and 100 mg per kilogram per da) and 300 , 300 , sud aW 
mg per kilogram per dav The larger amount alwavs was given at 10 30 pm in an litenift 
to maintain a high lev el oi er the ten hour period at night 

Planiui Salitylate Dttei minaftons — These weic made aciordmg to the fulornutt 
method ot Brodie, Iidenfiieud, and Cobuiiiis Eeidmgs were taken with a 
photoelectric colorimeter using a filter with a wave length of 540 millimicrons n u 
when determinations were made on the tieated rabbits, an equn dent amount o o 
drawn from the untieated labbits in order to equalize blood loss 

Antibody Titeis — Seiuiu was collected on the sixteenth da) m tlie first exper^m^ 
on davs seven, fourteen, and twenty one in the second experiment from all tbe rai ' 
w is stored in parafiin se iled tubes at -20” C until the end of the experiment w 
titers to horse serum weie determined by the collodion jiarticle agglutination 
Cannon and Marshall m h 

Eistotoqic Studies — The annuals which survived were sicriticeu in f „ „ unde, m 
the first expeiiment a single transverse section through the bise of no, 

the second, four sections of the heart were made, one through each of t ic^ stoma'k 

In addition, in each experiment sections of the lungs, mediastinum, narrow, i“'' 

pancieas and spleen, mescuterie Ivmph nodes, left kidnev, left adrenal, /niUr 

testis or uterus ind ovarv from each rabbit weie examined All tissues "cre 
form ilin solution, embedded in puaffiii, and stained with hemito\)lui and eosin 


FXPFRIXIE.NT\L RESULTS 

Sedimentation Bates — Fig 1 shows the collected tw( 
iiientation lates and the mean lates found in the tieated and 
in the second expeiiment The changes in the sedimentation la e 


wo horn uAtlno.|tevC'l' 
iiiitieafed aia"!' 


4- n m P 

expeiiments ■\\eie so snnilai that only those ot expeiiment tye ^ t? 


detail 


Xoimal lates peisisted in the salicilate tieated and bleeding |fivwi 

which did not leceive intiaxenons hoise seium Of the thiitr ‘ ,^£ond 


hoi-se seium onh five faded to show a use above 20 mm aftei ja' at 

injection The late usually began to rise fiom the fifth to t ^ jiiithtr 

the tune when the fii'st manilestatious of hvpeiseiisitivitv weie ]iur'<- 

elevation usually oecuiied one to two davs aftei the seeoiu intica=ii'- 

seium when piesumably the extent and seventy ot the lesions ^ jalt 


Salicvlate tieatment did not exeit any notable effect on 
in spite of the fact that the lesions weie less seveie m 




this group 


of aiiiia’ 



FtFRC*! 01- bODIbAt ^\ric\l\ir ON MKUM DISF VSI IN H VBBITs 


930 


No Icsioiib cvcept tliose attnbutnWi to InpclstIlsltIMt^ could be found it iutop >;5 
(0 iccoimtloi the oliseived tlnii^t ol the sedimuintioii nti 

It ‘ihould be noted tint ill oi tlie i iblnts showed i dtcieased cell \oUuuc 
The neiioe heiiutocnt of twihe sdlictlitc tieated ommals fell from 120 to 
‘’5 8 pet cent, while the iitrige ot twelve Hiititated labbits fell fiom 410 to 
307 pel cent Similuli, the hem ilociits ot the lahbits lecen mg saiicilatc alone 
elropped about twice as much is those ot the hleeelin^ conliols It appeal’s that 
salieilafe in this dosage incieiies the aneniid which nhbits ieceiMn„ laige doses 
of hoise sciiini del clop 



‘*‘ • -1 1 I ’rs— ■— r I I I f"| -| I -S -1— ■ I ' i i -’- i T' S -T— r""T— r-" 

DAIS 

7 3 1 5 7 9 12 H 17 19 21 


Hff 1 — Er>tIiroc>tc <iecllincntnlfon ratcsi of rabbits InJtcted ulth horse strum 

jB/ood Piessuie Fvidinui — Foi piiiposes of coinpaiisoii the nine labbits 
ivhich rceeiicd two injections of lioise scium and suriiied to the end of the hist 
e>.peiinieiit weie diiieled into thiee gioups (Tig 2) Oioup A consisted ol 
tliice labbits whicli at death manifested seieic aiteritis tioiip B was composed 
of thiee sHinhiJj injected labbits which developed nunimil oi no arteritis and 
Iioup c the thiee i dibits which icceiied both sci-um and salicjiatc and which 
also show ed onlj slight aiteinl leaction Oiili the sjstolic picssures aic reeoided 
tile ^laph since the changes in tlic diastolic piessuies w eie paiallel 
Sustained hypei-teiision was not noted lu aiij animal of these thiee groups 
It IS of mteiest howciei that theie was a definite trend foi tlie aiteiial pussiiies 
of the untreated gioups (A and B) to iisc following the fii-st injection of horse 
''Cinm Iloweiei this was no nioie iiiailcd in the rahhits which later eehibitcd 
lesions than ni those which leactcd with little oi no arteiitis This delation was 
most evident fioiii daj seieii to elaj eleicii followuig injection an inlenal eoi 
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ie-3pouding to the manifestations of seiuin disease in the labbit, iiaincl\ car 
civthema,*' tempeiatuie iise,-® and use in sedimentation late (Fig 1) Unth 
othei hand the tieated lahbits nhieli were leceiving salicylate duiing thbpcuwl 
(day se^en thiough day ten) showed a shaip diop in blood piessure l\Ticu 
salicylate theiapy was stopped theie Ayas a use towaid the pieinjection leicl 


o^GROUPA-RAEBlTS WITH IMKED AldERITlS 
^GRGUPB-RABBITS V/ITH MINIIML ('JdERlTIS 
•--•CROUPC-SAIJCYLATE TREATED RABBITS 
BH PERIOD OF SALICYLATE TR£AT(/£NT 



The second mjection of hoise seiinn on the seyenteenth daj ivas a ^ 
bj a fall m the aiteiial blood piessuie lyhich was most appaien 
untieated gioups, A and B The lemamdei of the obseivation 
acteiized by a gradual use of the aiterial piessuie m Groups ^ /gioup hi 
compaiahle to the piemjection levels (Gionp C) oi shghth hig er 
The labbits A\hich weie dei'elopmg maiked geneialized to 

showed no significant change in then blood piessuie fioni daj jpgsahnlah 
ty enty-sei en Fuitheimoie the drop in blood piessme obseive 
tieated gioup m the fii-st tieatment peiiod did not lecui diuiUo 
theiapy ^^25 diliiculf 

Salicylate Levels — ^jMaintenance of adeciuate sahcylate In »pito 

because of wide yanation in the ammals’ toleiauce foi the j^jg jnioai-J 
eaieful adjustment of mdividual doses, seyen labbits ched oi to h 

tion befoie the completion of the experiments The leye concenh"at‘o'^ 

adequate duimg most of the twenty-four houi peiiod if a P preiwi” 

of 150 gamma pei mfilfiitei or moie yas piesent five jgte le'eL>''^'^’^ 

admmistiation of the ding In the fiist espeimient plasma sa 
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deteniiined oil da>s ten and ciolitien it si\ liouis and on the tMcutietli daj at 
tliiee houi’s after the 1110111111^ dose These Ie\cls iieie ^l\\a^s ubo\c 150 ^imiin 
md the aveidi^e of the thiee dUeiminations in each iniiiial langtd between 343 
and 544 ^amma In the second exiieiimcnt plasma &alie\late coiicentiatioiis 
ueie measiued on tlic eighth da3 tuehe houis aftei the eicning dose of diu^ 
uid on dats 111110, tivehe fouiteen si\tecn and nineteen fi\e houi’s aftei the 
moiinng dose Induidiial \alues langcd betiicin 0 and 530 gniima In foiu 
animals, a^eiage fi\ehoui le\els weie between 254 and 353 gamma The othci 
toyi animals had aiciige fi\e houi 1 Ladings ot 90 to 12S minima but uen leoen 
such large amounts of sahejiate (0 9 to 1 1 Gm pei 1 ilogiim pei d'l ^ ) tint 
It did not seem wise to nicicase the dose fuithei 

Ilisiopathohytc Findings — Table I summarizes the findings m e\pciimciit 
one 111 foil! treated and foui unticited labbits ivhich iieie paiied on tlu basis 
of similai leapouses 111 sedimentation late follo\Mng the fiist injection of hoise 


Table I Extent and SEM:niT\ op the Lesions oi Seiiuii Diseise in Trlmel \nu 
Untreated Pirns op Ribuits (Exilkxmint One) 


HOPSE SERUM AND SODIUM SLLICILVTE 

1 IIORSF SERliM 

rlbbit I 

1 

DL\ OP 
DE\Tir i 

niSTOLOQIC LESIONS 

! 

D\\ OF 1 
IKDBIT 1 DCVTH 

1 HiSTOLOcir ia:siONs 

MIO I AFTE 1 

CAKOIVL 1 RILL I RFN VI 

M\0 1 LRTE 1 

' C\RDI\L riAL ! PFNU, 

1 37 0 00 

2 2S 0 +0 

b 28 0 + + ± 

- 8 28 0 0 0 

4 17 0 + + + 0 

1 28 0 + + *f ± 

1 1 28 0 + + + + 0 
' 14 28 0 ±0 


SCI urn One pan died of an anaph> lactic shock immediately following the second 
injection of hoise seium and the other thice pan-s siuvned to the end of tlu 
expeiiment The lesions were giadcd scpaiitch b\ two observers fioni 1 plus 
to 4 plus depending upon then extent and se\eriU The ex'tent of the vahnlai 
lesions could not be evaluated in tins exjicnnicnt because of the mannei ni wlucli 
the heait sections weie made It should be noted that the numbei’s of animals 
to be coinpaied weie small ui this expciiment beciuse two salicjhte treated 
rabbits died 011 dajs eight and nine Despite tlic small senes the lesults stiongly 
suggest that salicjlate treatment had dcpiessed the dc\eloping arteiitis in the 
s^hcjlate tieated gioup 


Table n Extent vnd Severiti op the Lesions op Serum Dislasl \nd Precipitin Iiters 
TO noESE StRuu AT Death in Treated \nd Untreated Pairs of Bibbits 
(Experiment Two) 


_nORSL SLILUM and SOmUJI SVLICVLATE 


R.\n 

[f)E.VTltl 


•lo 

o9 

60 

0*1 

4/ 

41 

4« 


15 

IS 

18 

1<) 

10 


1 UISTOLOQIG LESIONS , 




1 IIISTOLOGIO 

LESIONS 1 



M\0 



ANTI 


DAT ; 


ino 



\NTI 

V\L- 

CAR ' 

ARTE 


DOD\ 

RAB 

OF 1 

NAL 

CIR 

\RTE 


BODI 

VULAIl 

DI \L 

RI\L 

REN IL 

1 TITEP 

BIT 

UEATirl 

\UL4Vrl 

DHL 

PILL 

rEN\L 

TITFI 


0 

0 

+ + + 
0 
0 
0 
0 
0 


1 160 
1 SO 
1 ICO 
1 ICO 
1 640 
I f40 


HorSE SEBl M 


5S 

55 

56 
54 

45 
49 

46 
43 


] j 

IS 

18 

19 

19 


+ + + 0 

+ + 0 

± + + + 

+ + + + + + 

+ + 0 

+ + 0 

± 0 


1 100 
1 040 
1 100 
1 1280 
1 2ob0 
1 2j(j0 
1 320 
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Table II summaiizes foi experiment two the histologic findings in eisui 
tieated labbits paiied with eight untieated labbits on the basis of therbeu 
the sedimentation late aftei the fiist m^eetion of hoi-se serum Two saliubtf 
tieated labbits -which had been injected with hoise seiuni died early, one o' 
false passage of the stomach tube and one of salicylate uitoxication These wen 
eliminated from the expeiiment Five salicylate tieated animals died later, one 
of false passage of the stomach tube and foui of salicylate intoxication One 
died on day fourteen, two on day eighteen, and two on day nineteen In end 
instance the paired untieated control animal was sacrificed on the same da\ 

It may be seen fiom Tables I and II that the lesions of the saheilate tieatol 
labbits weie considerably less severe and extensive than those ohseived m the 
untreated group This fact is fuithei emphasized by Figs 3 and I which illii> 
tiate the changes in the mitral valves m each pair of labbits ui experiment 
For reasons which are not clear there xvas a much greater degree ot necrotizms 
arteritis in the anmials of experiment one, xvhile the lesions obseiwed m tlii 
second experiment xveie more severe in the mx'ocaidiiim and heart lalies 



tils 

Slieroseopieally the aideiitis, when present, usually was ti<h“^ ’ 

sized arteries of the myocardium, lungs, pancreas, iiiesenteiy, 
liver, adrenal, diaphragm, and testis or iiteiiis Val-vulai teath'- 

Meiatixm in type, were found predominantly at the base o “ tbt'’ 

The latter were confined almost entirely to the mitral and aoi jg 

are m rheumatic fever These lesions were all smiilai qua 
described by Rich and Gregory Knowledge t** 

An additional lesion was noted m the mjocaiduim, to on jg^jon cea 
has not been reported previously m rabbits -with seiimi se 
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sisted of mnnj areas of necrosis of raiding size occunmg almost exclusuelv m 

T mstaiice dir^obseiv“ 

^ <J>=>™Pt«d and undeigoing neciosis theie was 

notable absence of iniUtiation by inflanimatoiy cclk In the oldei lesioiL 
there Mas eailj oiganization so that the avhole aiea Mas composed of a nLioik 
of large mononucleai cells These appealed to be soniewlmt abnormal bile 
macrophages oi joung fibroblasts «ith eleai chiomat.n poor nuclei and lar°e 

deep j .taming nucleoli (Pig fi) The lesions Mere not seen in he Llat 
which did not leeeno hoi-se serum annuals 






- '•‘O' 


'rU 






I ^ ^ ‘ ffS-x t r ' 

- ^ ^ '~S 

:- ' W': 11 

df ; r’*:- ■ I-T'-X' ' 

^ r *'*’"'* '“**•*■ "■ z*' ** " " 

Hlglier magnincatlon or an area at^lie edge or the lesion In Fig o MatnlBcatlon 


cnteied'^ni*^^ losions usually weie localized to the point ttheie alfcieut aiteiioles 
thebal that pomt there was an appaieut proUfei ation of endo 

mfiltr ^ JUNtaglomerulai appaiatus accompanied by a taiiable 

tufts ^Tl" '^*Pt*°oytes No significant changes were seen in the glomerular 
I and ‘Osions were mild and tveie obseived in oiilj a few animals (Tables 

sonie^oTth^ pubnonaiy hemoirhage and edema and glj cogen depletion of 
onimal tl'ore were no changes m the tissues of the saliej late ti eated 

tile drun-”^ salicylate contiols which could be attributed to toxic effects of 

after"^]”*'^”^^ ^*^**’^* — Titeis of sera obtained fioiii the rabbits sixteen days 
after ®“inm injection in c\peiuiicnt one and seven and fourteen days 
Sroun*"^'^?'''"^ CNpeiiment taro weic similai in the treated and untreated 
treated diffeieiiees in piecipitin titeis between the salicylate 

and unticated rabbits oecuned in sera drawn eighteen to twenty two 
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rlavs attei the fiist injection of hoise seium in the second expeiimeut (twotOMv 
(lavs attei the second in]eetion) These aie lecoided in Table II \ihcro 
it ran be seen that with one exception liighei titeis weie lecoidecl loi tlicuii 
tieated meinbei ot each pan The onlxc pair ot lalilnts in winch tins difteieua 
was not observed (Rabbits 57 and 43) showed the least contrast in the severio 
and extent of then lesions 

DISCUSSIOX 


The blood picssiiie obseivations do not support the concept that the aitcrul 
lesions develop as a lesiilt of aiteiial spasm’® oi that hypertension isfhcmipor 
tant common factoi in the pathogenesis ot expeiiniental peiiaiteiitis’’ Tlmi 
in agreement with the expeimiental lesults of Hopps and ]\IcColhiiii’'’ iiliolailetl 
to find a correlation between blood piessiiie changes and the lesions occiinin' 
in labbits leceiving laige doses of hoise seiuin The tiansient elevation ot hlool 
piessuie follonnng the initial injection of hoise seium might be iiiteipietid as 
a manifestation of a generalized aitenal constiiction Its inconstant occm rone 
tolloning the second injection of seium and the lack of correlation of thciw 
with the development of aitenal lesions make it untenable to assign to Inpu 
tension anx significant lole in the developing aiteiitis On the othei hand,! e 
obseivations do not disprove the hx'-pothesis that local aitenal spasm niav ooiur 
and be of some impoitance in the development of the aitenal lesions t n 
possible that the medial ear arteries utilized for the blood piessiiie deteiiniiialioii^ 
were unsuitable to reflect a generalized vasospastic reaction For tliepif^J’ 
the cpiestion of this phase of the pathogenesis of these aitenal lesions mn* 
left unanswered ^ 

The eixthioejde sedniieiitatioii rate appears to offer a ehnicdl 
the developing lesions of hvpeisensitivity although the extent and se\eu^^^^^ 
the lesions found do not alwav's correlate with the degree ot use ni sc 
rate Contrary to the clinical findings of some observers , ' sodnini sa ' 
exerted little it anj^ suppressive effect on the erythrocyte sediineiitation le* 

In these experiments an attempt was made to give the rabbits 
of salicjldte comparable to those advocated by Coburn for Iniiuan 
ever, as had been noted pievnously iii patients given large doses o sa^^ 
the quantities necessary to maintain a high salicvlate blood leve 
It IS extremely difficult to maurtain a sufficiently high level in t le nr 
producing severe toxic reactions which often terminate m cea 
tiom the results that tlie salicylate blood levels were adequate m 
dlthough levels of 150 gamma or less were noted at some peiio( 


four hoiii-s in inaiiv of the dirimals j-ibhitsf^ 

It IS obvious that the severe toxic reactions which some 
hibited as vv ell as the anemia vv Inch most of them dev elope slioiild b 

a nonspecific fashion to prevent the dev^elopmeiit of the iiiitriJl'-4 

noted however that the contrast between the lesions of the puitlier”"’^'’ 

rabbits was not limited to those which showed toxic synip 0 '“^ iiotiKjb' 

when an animal died vvuth salicj late intoxication it usua v ‘ olde‘‘ 

sick for only a few hours, whereas the lesions appear ec co 
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l)t luipoitmt ne\eUlu]ess to istLitiin nliethei the lesions of labbit 
beium disease can be i>ie\ented oi tieated Mitli doses^ ot sdio^htc Mluth do not 
piodiicc toMcity 

At present one can onh speculate as to iiou sahcNlatcs pioduce tiieu effects 
It has been repoited tint sahc3lates depicss antiliodj fonnation “ Othei 
^\ritci’s do not a^ice Om studies sii„„cst tint intibode toinntion \v is 

somewhat dinunished in the salicylate tieated oioup latt in the expeiiinent 
Ho^\e^el sinee the concentiation ot antibody seems to Iia\e littU eoiielation 
iMth deeolopmciit of tlie lesions ‘ tiu sir^mficanet ot this finding is (jueslion dile 
Recent moiIc b^ Doifniaii ind cowoikeis*" confinns tint ot ( uena^* ind su^, 
f,ests that sodium salic^Iite inhibits the sjiieidiim effnt ot in aluionid ise 

The question of whethei salicylates meieh suppuss the svmptoms oi 
ivhethei they e\eit i siieeific iiifiuenec upon the lesions ot ilnumatic tc \ti has 
been leopoued recently Iiy Cohuin “ He has emphasized tiic jiossihk specific 
action of laige doses of salicylates m suppicssm^ tlie rhcumitn inociss anrl 
pre\euting the ensuing caiditis A few confirmatoi} studies liace cmphisizcd 
the need to admmistei the massne quantities of sibe\]ate eaih in the couinc 
of the disease”^* HoMe\ei, Keith and Ross* found that e\en ciih ticitinent 
'nth large doses of salicylate did not hasten icstontion of tin sidinunt ition 
rate or dimmish the incidence of subsequent hcait damaj.e as conipaicd yith 
euh treatment Mitli small doses of the duig Others ha\c icpoitcd that tin 
uitensue salicylate theiapy iccominended by Cobuin did not altei the inflini 
niatory icaetiou of ilicumatic fe\ei m the joints^ oi Iieait’ in patients of whom 
niost had had iheuniatic fe\ei foi foui oi nioic weeks befoie tieatmcnt Simi 
Jarly, Wegria and Smull found the dimtion of iheiimatic attae]^JS to be un 
affected by massive doses of salie\iate but suggested that earh treatment jni„ht 
have plo^ed efficacious At picsent, then the ohnical \alue of maintaniing higli 
whcylate levels in the ticatment of acute ihcumutic fe\ei is still on tiial It 
appears howevei that if salicylates aic to pioduce a specific effect upon the 
lesions of rheumatic fe^el they must be given eaih in the couise of the disease 


In contiast to the findings of Tlionias and Stnn„field^ oui. lesults show 
that sodium salicylate, given in laige doses eaih m the course of seium ebsea c 
lu rabbits leduces the extent and seventy of the nsnlting lesions It must be 
emphasized that in these exiierimeiits salicvlite theiapv was be-,un si\ davs 
after the initial injection of horse seium at a time when the lesions of Jivpei 
sensitivity aic picsumablv just becmiiing to develop It was eoiitnuied thioiigh 
out the period following the second injection of horse serum when it is assumed 
that the most maiked tissue i*eactions occiu Rtcanse of its lasidious onset tin 
first attack of iheuniatic fevci iiielv is seen by the elinuian at i compaiablv 
oarly sta^e However Scblesiiigei’’’ and Coburn and '\[ooic^® have lepoitcd 


success in suppiessmg the rheumatic process bv jnophyl ictic administi-ation of 
sahcylatc following streptococcal infection in subjects with pievious iheuniatic 
episodes Fiuthei expeiimeuts aie indicated to deteimine how lon^, lollowing 
the injection of labbits with hoi-se seium the. salicylate theiapv can be initiated 
mid still evert its suppicssive effect upon the development of the lesions 
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]\Iany have called attention to the clinical and pathologic smulantiestetwetu 
acute iheuniatie fevei and seium siclmessj^" and in oui opinion labbit ‘-ciimi 
disease lepie&ents the closest appioxiniation to acute iheiiniatic fevcMetpre- 
duced expeiinientallr Despite these atti active sinnlaiities, oui experience 
indicates that labbit seiuin disease does not fulfill all of the iigid pathologic 
ciiteiia listed by Gioss and co-woikeis'“’ foi the expeiiniental pioJuctiou d 
iheuniatie tevei The Asclioif-like lesions aie not luuneions .Vltbough tlicir 
cellulai components and location aie typical they seldom show fibiiiioid uocrosK 
Peiicaiditis is veiy laie and when piesent it is usually focal and minimal 
Yeiiucae die uiiconimon in the valxulai lesions and we ha\e been unable w 
pioduce chionic valvulai lesions like those in iheuniatie fever bv inaiiy lepcatcil 
injections of lioi’se seium ovei long peiiods of tune Theicfoie at present one 
must be cautious in assuming that the inliibitoiy effect of sahcvlatcs upon ih'' 
lesions of labbit seium disease can be applied to the lesions of iheiuuatic tevir 

SUMMVRV AND CONCLUSIONS 

The histopathologic lesions piodueed in twelve rabbits leceiving tuo mtra 
venous injections of steiile noiraal hoise seium fifteen to sixteen dajs apart m 
doses of 10 ml pei kilogiam have been conipaied with those piodueed in bvebe 
similaily tieated labbits which also leceived laige doses of sodium salicdat^ 
starting si\ days after the first injection of hoise seium Blood pressures 
detei mined lepeatedly in some of the rabbits (experiment one) Sedimeiitatw” 
lates and blood salicylate levels also were followed 
It IS concluded that 

The aiteiial blood pressure of rabbits receiving large doses of 
showed no sustained elevation, and no endence uas obtained that a 
arterial constriction plays a part in the pathogenesis of the aiteutiso 
seiimi sickness 

The erythrocyte sedimentation rates of rabbits given large ^,7 

jeetions of hoise seium appear to offer a clinical measure of the 
lesions of hypersensitivity Although the degree of aise could be 
some extent with the seventy of the lesions foimd, this conelatiou 
constant 

It IS difficult to maintain salicylate leVels of 350 gamma per mdhht 
mended tor man without producing intoxication and death in luh i s 

A moderate depression in the concentration of ciiculatmg anti 
serum was noted in the salicylate tieated rabbits of the second 
compared with the iintieated controls This occurred eighteen ^^rlior 
days after the first injection of horse serum Antibody coneen m ^ 
in the experiments were not significantly different in tlie tieate a 
groups jj, [ii 

A lesion of the right mymcaidium xvhicli occurred moie h' 

untreated rabbits is described Tins consisted of focal neeiosis a 
little inflammation 
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The lesions seen in the slllc^l itc heated labbits, csi)eeiall> the aitenal and 
\alvulu lesions, neie oreatlj icdueed in se\ciitj and extent ns complied ■with 
those in tlie unticated animals 
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ATiTER VTIONS OF RADI VL OR bRACHI VL INTR V A.RTLRI-\.L BLOOD 
PRI SSURL VND OP THE I LLCTRO( VKDlOtRUl INDUCLD 
B\ TILTLXRr 

Roberts Ckeen, ^ID Arnold AID vnd Joiin-^on AIlLuirj- AID 

CiNciNN m, Ohio 


TNTLRLST 111 the lesponse of blood pk.'smuc and pulse late to postm il Lhui„c 

I i\as stimulRted b^ the pioblem ol npid c\'iluitioii of taclnciidia m militm 
induction e\amiii itions Pieliminai\ obsci\ itioiis indicated that i significant 
sIowiiIq of he at i ite oceuiied with tilting to a Imd down position in subjects 
with t icla caidia sceondai\ to e\citenient On tiu otlici hind this slowm^, did 
not occur in mduetees with tatlncaidia whuh w is 1 itci found to be due to 
or^uiic dtsease ^Vii mciensc of blood piessuie oeeiuud in alt subjects dimn^ 
tlio tilt to the head down position In tins slud\ eiiitul aiuh sis has been muU 
of the response of heait nte and blooel pxcssinc to tiltin^ m noimal subjects m 
order to establisli a standaid to c\ lUnte eb ui^^ed it ictions due to dist ise oi 
drugs 

Hill* fiist demonstnted tlie impoitanee of »ia\it\ in the eiienlaton s\stem 
of nnn He also lepoited tli it the bnclnal sistolic blood piessuit as mt isuitd 
h\ the spin^moinauometei lemnncd appio\imiteh the same on tiltin^ tiom 
in elect to a head down position pioMdiiiff the leadings weie taken with tlie 

II min the fioiital pi me iicipendieulai to the lon„ a\is of tlie l)od\ (hoiizontil 
plane) AVith the aim in this position the effect of „i i\it\ on the column of 
blood within the aiteiics of the aim lenuincd constant ^ These leulm^s weio 
not taken duiin^, oi imniedi iteh following postui il change but aftei the subject 
IMS in the alteied position for m ippiccnble p( nod of time AAald ruLinst\ 
nul Scott'' Using i T\ehos sell iccoidiiip, sj)li\^moin mometer found tint tol 
louin„ a positional cliaiige fiom hoiizontil to standing, tlie hiacliial blood juts 
suic fell below the lo\cl olitaincd in the icdiinlient position m about ten seconds 
and then rc„ained or exceeded this Ie\cl within tliiit\ seconds Tiicir lesults 
with tilting fioin standing to hoiizontal position \ uied in the two subjects 
studied Otlici attempts to uiahze the hi lehi il iiteinl blood piessuic elnn^es 
^'fih tiltin^ ln\e losnlted in wulth di\oir,cii( findings ' Tlieie aie two im 
P'utant c\pl iiutions foi the disdcpaiicies in these lopoits (1) It is imjios 
sible to obtain accuiate iciclin^s of a npidU elunirin^ Idood piessuie witli i 
‘nff method and (2) the position in wliieh the aim was numt lined duiin^ the 
*'lbn^ Ills \ uied in the diffeient t\pcnmcnls 

^lowin„ of the heat i ite following i change fiom m emt to i hoiizontal 
bead down position has been deseiibcd In iiumeious obseneis ^ " How 

••'Cl these findings weie inteipieted fiom peiiodie pulse rate uddinp.s md the 
^ Mas not consisteiUh found in ill noiinal subjects 

'trsiiv^Ti'A*"- Cirliac Iibonloo C ncinmtl Tenoral Ho pRnl Collcgo of ■Mcillclno Uni 
>aiij of Cincinnati 

^‘und stu 1> carrlcl out un ler i grant froi » the lift, insunnee Me licnl Rt e ircli 

Led for publication March 29 194S 
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111 these studies we have lecoided iiitia aiteiial blood piessuie loiitina 
ous]\ with the aim maintained in a hoiizontal plane Heait late and rhvtb 

haie been inteipieted fiom an electiocaidiogiam taken tlnoughout the exiwi 
ment 


METHOD 

Diiect measurements of radial or biacliial artery pressure during md after ii!i^ 
have been obtained in more than two hundred subjects This report details the fia'lnigs ^ 
fifteen healthy young adults considered to hive normal cardioiascul ir sjsteiiis Siii'ullatuj 
electrocardiograms nere obtained in these subjects, and m addition rontmuous elutrourh 
grams have been lecorded in one bundled noimil itlult-^ during and following tilting 



The subjects nere tilted at a moderate rate from the 20 
the 15 degree head doivn position This position was iiiamtained for at has 
The subjects then w ere returned to the original position j 

Tilting was controlled bj means of an electrically opeiated table ja- " 

were securelj supported so that muscular activitj was not required to nnm ^ 

The blood pressure tracings were determined bj means of ^ 
adapted in our laboratory to record blood pressure changes b) means ® I' 

electrocardiograph *12 The gauge was ideally suited to tins tjpe o ^ 

•Research Model Cambridge Electrocardiograph Cambridge Instru 
I'orh N Y 
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compact (o by 1 by 1 inch) and could easily bo held m place dunng mo\cmcnts It did not 
respond to external vibration Clnnges of pleasure caused an alteration of electrical output 
that ins transmitted to the recording string ihanoiuctcr This output iiaa dircctlj pro 
portional to tho pressure thus linear records avero produced 

Preliminary investigation indicated that tins sjNtem hid iidtdnatc frequency for accurate 
pressure recording 

Id these experiments a size 20 IV inch ucclle with a 45 dct^rto ‘iliarp bciel wis at 
tached directly to the gauge Tht system was complctclj filled with a olution of heparin 
(5 mg per cubic centimeter) and tho needle watli 1k\c1 directed toward tlie heart was 
inserted into tlio brachial artery at the elbow or into the ladial aitcrv at the wrist 

it least three sets of obscriations wero made on each subject 

RESULTS 

Blood PressxuG — 

Head Doii^i Ttli (20 Degrees Ltect to 15 Dcgiets Head Bonn) ele 
nation of aiteiial blood piessuic in ihe iim oecuiud dmiii^ tlic )iend down 
tilt 111 all of the subjects studied In p^eiieial the der,itc of use uns uiiiloim 
thiougliout the tilt the ma\iniiim blood picssuie oeciuicd immediatch aftti 
tobsatioii of motion 

In the subjects -with noiunl ciuliovasculai systems tins ele\ation of blood 
piessuie (at-erage use 19 iiini s\stoli(/lb mm H, di stolit ) w is tolIo\ id 
b) a giatlinl fall hstiiig fiom eiolit to oip,htoen set ends until the blood pussuit 
leached a Ie\el tint Atas usuall\ slighth highti timn tliat obtained in tlio eie(t 
position The a\eiage fall in the noimal subjects during tin* peiiod was li 
mm Hg S5stolic/14 mm diastolic (Figs 2 and 3) 

Head Tip TtU (i5 Dcgi ecs Head Bonn to 20 Bcgiccs Eicet) Dm mg the 
return tilt the blood piessuic fell m all of tlic subjects This dcclme w is 
usually miiform thiougliout the tilt the lowest blood pic&siue occiiried imme 
diatelj after the cessation of motion 

In the noimal subjects tins piiniai^ fall of blood piessuie (a\oragc 14 
mm Hg s}stoIic/13 mm Hg diastolic) leached a let el below that mitialh ol) 
tamed in the elect position, and it was followed b\ a use the blood pressure 
returned to the stalling le^el within ei„ht to euhlcen seconds of the completion 

01 the tilt (Pigs 2 and 3) 

Hca)t Hate — 

Hcad-Bowji Txli In subjects with noimal caidioi isculai systems slowing 
of the heart rate iiiaaiiablj occiiiitcl subseQueat to the eIe\ation of blood pres 
sure The latc foi the fi^c second pciiod immediatch following the onset of 
slowing was alwa>s less than the eiect late and less than 90 per minute (Figs 

2 3, and 4) In the majonU of cases the onset of slowing was abiupt resulting 
■a bradjcaioiia which was mailed foi a few heats the late tiien giaduallj m 
creasing In others the slowing de\elopcd inoic giadiialh Hcgaidless of the 
hpe of the initial icspoiisc the lalt hecaine iclati\eh stable withm about fifteen 
''Ocoiuh of the completion of the tilt at a i ite tliat w is usinlh slowci tli in pu 
'louslj recoided in the eiect position 

HcadXJp Ixlt The lieait laie suddenh incieased following the drop in 
blood pressure This lesultcd in a rate that was moic lapid than the initial 
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late in this position in about inlf of the subjects In all instnices the late 
about ten seconds aftci the end oi the tilt ms cssenti tlh tin s line is the oiigiml 
late (Fi^s 2 3, and 4) 

IJ/cct»oc«r(?iot;iain — Oiii findings on the eftett ot ]H)sitioml change on the 
PR Hitenal, the QRS complcN and the T i\e of tlie iioini il ekttioc iidiogiam 
aiai m noiecment ^vith those icpoiUd h\ otlui iincsti^ itois IIo\\t\ei thcic 
are tuo obsenations not ^ et emphasizid which wc considci woitln of description 

(1) V slownio of the heiit i ite dctcimmed fiom piolong ition of the R R 
mtei\als followed the assumption of the 45 device iiead down position in c^cl^ 
normal subject 

(2) In twent) pei cent of the nonnal subjects tilted to the head down 
position the P waie giadualh dccieiscd in size iiid finalh disappeared foi 
seicial beats (Fi^ 4) The disappcaiance of the P w i\l was not preceded b\ 
a shoitening of the P R mtcnal This change did not iinniiabh ocdii in the 
same individual on suceessuc tilting 

DISCtSSION 

Blood Pressure — Tlic cliaiiges ot the ladial ind biachial intia aitcnal bhjod 
pressure lecoidcd in these cxpciimcnts wcic jnesuinabh a utlection ot the 
blood picssurc changes in the laigc aitcnes that arise tiom the aoitu u<h hi 
cause the arm was maintained tluoughout the tilt in a position in which the 
force of grant} of the column of blood within the ai tones of the nm lemamed 
constant Our studies haie shown that the blood piessiue lecoidcd fiom these 
ailenes nnaiiablj rose during the tilt fiom a head uj) to a head down position 
and fell dining the leieise tilt In othei c\pcnments we base demonstiated 
that the blood piessuie iccorded fiom the fcmoial aiteu alwais fell duiin^ 
the tilt from the head np to the head down position and losc during the return 
bit* These fiiidiUoS iiidicateel tint the piimin nlteiations of prcs.uio that 
iccompanied the postuial cliaiigc^ wcic due to a shift of the hemostatic foicc 
of giant} of the column of blood enclosed b\ the aorta and its blanches and 
Mere not secoudarv to icflcx changes These \niman alteiations of blood pres 
■’Ure apparentl} acted as intra aitcinl stimuli to tlie regulator\ mechanism that 
controls blood pressure 

In the subjects with noimal eaidioiasculai sistems these primarj alteia 
tions of ladial or braeliial piessuic weie followed hi a chaiacteristic pattern of 
depressor response in the licad dowai iiosition and of picssor icsponse in the 
erect position wheicln the blood picssuic m the region of the aortic arch re 
tuiaied within eight to eighteen seconds to a le\el that was appro\imatel> the 
“^nie regardless of the position of tlie bodi 

The mechanism of blood pitssuie ic-,ulatioii has been csploicd e\teiisi\ch 
>n animals An delation of iiteinl Mood picssurt stnniil itcs the propiioeep 
tors of the carotid sinus ic„ion * the left icntnde the aortic arch the 
thoracic aoita, ® and the abdominal loila This induces icfleN dilatation of 
the splanchiiie and peripheral aiteiioles and of tlie large thiioid lascular 
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bed iiitiaciaujal-eNtiacianial anastomoses,-' and slowing ot tlie heait i.ile, ' - 
lesultmg ui a letuin of the blood piessiue to its pie\ioiis le\el A fall a 
aileiial piessuie induces a diainetiically opposite tjpe ot lasomotoi lupony 
The piesence of both piessoi and depiessoi legulatoiy i espouses in himi 
subjects with iioimal caidioiasculai sj stems has been denioiistiated in tbustuil 
TIouevei exact auahsis ot these lespoiises in man awaits tiiitliei iniesligaliw 
of the sites ot initiation, the mechanisms ot legulation, and the plnsieal laduis 
that deteinnue the degiee ot blood piessuie use that occui-s diiiiiig tiltini; TLt 
man has vasculai leflexes which luHiienee blood piessuie has been pio\e(ltlirou"h 
the lesults ot deneivation opeiations and In the tact that stimnlatioii oi Ih 
eaiotid sinus aiea mai pioduce both biadicaidia and tall in blood pnisiire 
Eiideiiee that letlexes aie imiioitant in the postuial coiitiol ot blood pusiuio 
IS touiid 111 the peiipheial dilatation*® and the biadicaidia that ouin iffl 
assumption of a head-down position 

The tunction ot the legulatoii nieehainsins that inamtaiii the pnssmx' ni 
the iippei aoita at a lelatnelj stable level can be most cleailv thought of isi 
leaction to piotect the biaiii (and iiiobabh tlic heait) against aiteiial pif'^m 
changes that might haim the nidnidual At one evtieme a niaiked delation ii| 
nitiaciaiual aiteiial piessuie might concenabl} lesiilt m biam damage am < 
the othei a loweimg of eeiebial aiteiial piessuie might lead to ceidna moMa 
and SMieope 


Heait Rate — In a iioinial subject an nneise lelationship ot len 
blood piessuie has alwats tollowed the change of blood piessuie pie 
tilting Similai alteiations m heait late haie been noted 
change of blood piessuie that occiiis duinig and attei the ^ 
and tollowing the occlusion oi oponing of ai tei loi eiiotis fistulas 

The lelation between the position ot the bod\, the blood lln 

heait late m these expeiiments suggests that the change ot ll,c 

ledex inechanisms that legulates blood piessuie In the head cownj^ 
initial slowing gieatly lesembled a biaking action In addition^ 
late 111 this position was chaiacteiistically slowei than the la e 
position e^en though the bloody piessuie had letuined to the thepnha 

indicated that this lelatiye biadicaidia was one ot the means w dnCfU'i 

tial niciease ot piessuie due to the weight of the column of ) oe 
towaid the uppei aiteiial legions) was coiinteiacted theheu'"’" 

Although it has been known foi mane jeais that ° nictm» >“ 

occiii in the head down position, the uniicisal appeaiaiice o^ Thn 

subjects with noinial caidiocasciilai s\ stems has not lieen .nul ■ 

is piobabh due to the tact that tlie slowing is ottcii ot sioi 
detected onl\ tlnoiurh a continuous method pf lecoidiiig proimbim'®’ 

The disappcaiaiice ot the P wa%e toi a lew beats ni a^ at 

1101 mal subjects tilted to the head-down jiosition cannot be m anifk 

The taet that the disappeaianee was pieccded P, a aaphtaJ- ‘ 

tilde ot the P wa\e and was tollowed In a "ladiial iiicie* 
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CMdeuce that pobition alone is not the icbponsible futoi Tlie fact that the 
clnn^es of the P ^\‘\^c ^^ele not issoiiated with a shoitonnv Ihi P R mtei%al 
mdicites tint the result \nt ih\thm w \s not noil il 

111 lh97 IIilP concluded liom his oxpciimcut il woi! on the hlood piessiue 
ind heart i ite of aniiii iK that the (fleets ot eh ui„ni^, tlie position affoid a mast 
delicate test of the lasoinotoi inech mism llie development of i suit ible nutliod 
of blood prcssiue reeoidin„ lias made it possible loi us to dcmonsti it( that tins 
conclusion is piobabh valid foi hunnn snbicets Wt ftcl that this method ot 
stud} mav piove to be of value in obt nmn„ i beftci undii-sl iiidinR ot the noinnl 
phvsiolog} of eaidiovascul u leflcxes and ot the infliumc ofc disease ind dui„s 
on these lespoiises 

SUMWVRX AND CONtLl SION 

A ^iiplnc lecoid of ladial oi biaelnal inti i ntcml blood pussuu diiniu 
ami iftei tilting at a model itc i itc between the 20 dc,^iei cioet ind the 4 > dc^iei 
head down position was obt lined in nioie than two lumdied siilijetts In this 
‘‘tudv cueful analysis w is made ot tlic lesponsc ot hent i i(t and blood pus 
suie to tilting in fifteen hcalthv vouni, adults in oidii to tst ibhsh i st indnd 
to cviluate cbaiioed leietions due to disease oi du^s 

Llcctiocaidiogiains vveie lecoided in oiu bundled nonml wlults duinu 
ami following tilting 

All immediate elevation of lilood piessuic occuiicd m all suh^uts studud 
duiing the tilt from the 20 ckgiee elect to the 45 device licad clown position 
Ml immediate fall occuiied duuii^ the letiun tilt tiom the 45 degiei Iiead 
down to tlie 20 degite eicet position 

In the normal subjects these puinaiw iltointions ot blood piessiue were 
followed bv a chaiacteiistic p ittein of clcpicssoi icsponse in the head clown posi 
tion and of piessoi icsponse in the erect position whoiebv tlie blood piessiue 
letuined m fiom cioht to eij^litecii seconds to a level that was appiONinutdv 
the same le^aidless of the position of the bodj 

The heait i ite mvaiiabh slowed m the head down position and ineioased 
ni the elect position 

In twentv pei cent of the noimil subjects tilted to and muiitainecl in a 
head down position the P wave giadualh dceicased in size and finillv disap 
peaicd foi seveial beats The clisippc nance of the P wave w is not as-soci itcd 
'nth a change of the P R interval This change did not invainhlv ocini in the 
‘^aine individual on successive tiltnvs 
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DlCUArVROL IN LXPLRIAII NTAL inOCAlvDlAI INFVRCIION 

a V LfRo\ MD vndL -V Nvih-'ski MI) 

Chicago III 

T he fiist upoit of tlie influence of Tiiticon^uhnts on eoionaij tluombosi^ 
was that of Solaiult and Best in 1938* who used hepaiin suetesstulh ni 
expeiimental anim ils Since 1945 unin utides h i\e appealed in tin medical 
Iiteratuie detsciibiiija the use of Dieiinniol foi patients with acute uivocaidial 
mfaietion The fiist patients to iceeue aiitito if?ulant^ tIleIap^ weu selected 
becaiLsc ( 1 ) The^ Iiad suffeied repeated episodes ot multiple tiiiombi in dif 
fireiit aieas of the coiouin tite oi the oii„mal thioinljosis liad piopir,ated 
” or ( 2 ) ‘'The^ had suffeied lepeated einholic phenonum eithei piilmoinn 
01 to othei aieas ” If is appaicnt th it the initial iiiairations wcie biscd on 
analOf,! with the rationale of anticoajjiilaiit tlieiap\ in othei foims ot thiombo 
embolic disease Because of the buicficial effects of Dicumaiol its ust was not 
loiij, lestiicted to patients with the complications noted it was to patients 
witli nnocaidnl infarction as a pix)plnla\is aj^ainst such complications T)i 
ciiniarol ls geiieialh employed in piefeiciict to liejiaiiii becaust of the lessei 
expense and the convenience of the oial loute of adnunistiation UI wlio liavi 
rcpoited on its use have emphasized the indispuisabilitv of aecuiatc piothioiiibin 
time detcnninations to eoutiol the dosage 

The incidence of tluomboenibohc complications in patients with leeent mvo 
caidial infarction vanes in diffeient sciics of cases The conflicting data aie 
difficult to analyze and conipaie since the oiigiii of cmljoh is seldom deteiininablc 
witli certamtj Hellei-steiu and Maltin'* found thiombotmbohc lesions at autopsv 
ni 45 pel cent of 160 consecutive cases Nav and Baines* found thiomboembolie 
complications lu 37 pei cent of 100 consecutive patients with mjocaidial infaic 
tiou Blunier® found 16 per cent in his senes of 175 patients Connei and Holt*" 
reported 10 pei cent m then senes of 287 patients and Jfmtz and K itz ob 
served 9 9 pei cent in a senes of 572 patients witli leceiit mvocaidial infaiction 
These data include not oiilj thiomboembolie phenomena aiisin^ in the laait but 
also phlebothiombosis, thiombophlcbitis and so foith The incidence ot muni 
thioniljosis of the eiidocaidium is also difficult to usceitain In autopsv senes 
the repoittd incidence vanes fiom 17 pei cent to S3 iiei cent® It is evident 
from these lepoits that thiomboembolism is on inipoitant complication of mvo 
caidial infaictiou In all the lepoits of the lesults of anticoagulant tlierapv 
theic has been an apiiaieiitiv significmt leduction in the number of thiombo 
embolic complications and in the geneial luortilitv late Tlieie has lieen as vet 
>10 report which includes suitable contioLs but sutli studies ue now in piogiess 
at a number of ecntei's uiidei the auspices of the Vnieiicin Ileirt Vssoeiation 
ft appeal's likelv that anticoagulants will lie used to an iiioieisiiig extent in the 
bcatin eut of patients with leccnt injocaidial inf action 

From the Department of Medicine ISorOiwe tern Medical School 
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The chief hazdicl with anticoagulant theiapv is the development of a kiiior 
ihagic state It is customaiy to eonsidei anv aliiioimal bleeding temliuo 
hepatocellulai disease, and leiial insufficiency as contiaiiidications to the meuf 
Dicuinaiol Theie aie no lepoits in the liteiatuic of toxic eftects of Dicuinawl 
theiapy othei than the specific suppiession of piothiombin piodiiction IViidit' 
mentioned “The possibility that intinial hemoiihage might be a comiilicatmi 
Idctoi (in coionai-^ thiombosis) but no evidence was obtained in this seru\ 
eithei cliiiieally oi pathologically, that this was of significance in aii\ ca^e 
He also noted that “In no instance was it felt that Dicuinaiol influcnecd tb 
ill} thin 01 the late of the heait diiectly ” It occiiiied to us that the decKaiid 
coagulability of the blood lesulting fiom Dicuinaiol (oi hepaiin) theiapi ini,;ht 
affect adyeisely the eouise of the myocaidial infaiet The eaih stages of tliw 
mfaiets aie chaiaeteiized by hypeiemia and heinoirhage, which is then tollo" 
bx neciosis and oiganization xvith fibiosis It seemed possible that the use # 
anticoagulants could accentuate the hemorihagie stage of the infaict an tius 
piolong its resolution Puitheimoie, theie weie no lepoits in the liteiatuno 
side effects of Dicuinaiol xvliich might be adyantageoiis oi disadiaiitageoiu o 
the infaicted heait Such effects might inyolve facilitation oi 
autonomic leflexes aiising in the infaicted myocaidiuni“ Theyimg' 
to alteiations in conduction leadmg to changes in the 

The piesent study was undei taken to inyestigate the influence o 
theiapy on the healing of expeiimental myocaidial inf aids - 
diiected particulaily to (1) the moitality rate aftei the a 
Dicuinaiol, (2) the extent and chaiacter of the infaict, giossly an 

calh, (3) the eyoliition of the electiocaidiographic changes, an { ^ ^ 

of the sedimentation late Anteiioi infarcts produced by ligation o 
descending biancli of the left coiouar}' aiteiy were studied j lo\f 

the expeiienee in oui laboiatoiy, as xvell as elsexvheie,® die lutlaa 

immediate moitalitj- — less than 25 per cent of the expeiinienta ^ 
twentx-foui hours and virtually none die later of cardiac fai liau' 

iieiitnl m'O- 


u »» » XV llVkllO (IIXVX V 11 XlXtlXlJ' xiVliV 

liosis of the endoeaidium, or other obvious thiomboenibolic 

' _ , -t __xl. 


not been observed in any of the seyeial hundied dogs wffh il wa 

cardial intaiction studied in this laboiatoiy since 1938 n mw- 

thought that in dogs any alteiation in the mortality ® i^of tlie 1*1'^''"''''^“'’ 

caidial infaiction in treated animals xvould be a pimiai'y e cuinp'' 


lather than a secoudar-j effect due to the prevention of ations iro'" 

cations Since unex'entfiil recover xvas the usual finding, 

01 dinar x^ course should be easv to recognize 


th 


XIETHODS 


Healthy mongrel dogs of either sex xveie used Gontiol 


electiocarflw''"''"'' 

.t the Ifo'l"*'" 


xveie obtained, and blood xxms diaxvn foi the time 


time, the hematoeiit, and the sedimentation rate 


Piothionibm 


tliionibcp^ 


htin 


mined bx' the method of QuicV® using a potent lain > oi 

The concentiation of the thiomboplastm xvas adjustec so^^ ai,,mm(.3 to 
seconds xxas obtained x\ith normal dog plasma This xa ue x\ 
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result 100 per cent piotluombin time When loiioei -vdlms foi piotluombiii 
tune i\ere obtained duiiii}, Dicumaiol theiap\ the^ weie expressed simp]\ as 
per cent of the normal \alue of 6 seconds This iclatiouship is shown in Table 
I In some instances prothrombin time was deteinrinod with 12 5 per cent 
plasma the average normal \aliie was 16 5 seconds with a lan^e of 13 to 23 
seconds The sedimentation rate was measmed in a '\\intiol)e tube with one 
reading made at one hour Tlie hematocrit was deteimined in the same tube b^ 
centrifuging at hi„h speed to const int \oIume 


Tahle I Eelctiosship BFTWErx PitoTiihOMBiN Ti ir is NErnsas \\d Pik Cent 
Pkothpomuin Tijir 


inOTIIROMBIV TIME 
(SEC ) 

6 

7 o 
9 

12 

15 

18 

21 


I I h TEST 

I i OTIlnOMBlS TIWI- 
100 '^ 
so-? 

( 07 
)07 
■i 07 

,<)‘7r 


It is to be note] thut per cent prothrombin time rcpie enL. 

:ion«al control prothrombin time 00 It <loes not refer to the lllution 

observed prothrombin time ^ . 

ptii.ina which would give tiie amc number of second clotting tune 


f II I 1 il 


One half hour before operation each dog was guen a subcutaneous injiction 
of 1 0 nig per kilogram morphine sulfate and 0 03 mg ptr kiiOr,iain atropine 
sulfate Gciienl aiiestliesia was produced the slow intia\enous injection ot 
‘solution of sodium pentobarbital appioximateh 30 mg per kilogram Atracheil 
catheter was inserted and posituc pressure \tiitilation witli o\^gell was olrtaiiied 
^ntli a face mask ind i water seil With aseptic pietautions the thorax ind tlie 
pericardial sac were opened from the left side A. hgatrue was passed aiound 
tlie anterior descending brancli ot the left coioiiai\ aitcr\ between its origin 
and its fii-st major branch A satisfacton intaiet was observed in in 

stance Se\eial culiie ceiitimetei's of penicillin solution (10 000 units pei cubic 
centimeter) were placed in tlie pciicaidial and pleural spaces tlie Iniir, was re 
inflated and the thorax was closed in la\crs 

^^hen the\ regained consciousness the dogs that wcie to reccne Dicumaiol 
'^eie gneii i fiist dose of 50 or 100 mg in a bolus of gioiind meat The 
Hicumarol treated „ioiip were ^ncii the diu^ suliscqucnth accoidiiig to the 
following schedule 

Piotluomhin time less thin 15 seconds or moie than 40 pci cent pro 
thrombin time 50 nip, Dicumaiol 

Protlirombiii tune from 15 to 25 seconds or between 40 ind 24 pci cent 
prothrombin time 25 nr^, Dicumaiol 

Protliromlnu time more than 25 seconds or less tlian 24 pci cent jirothiom 
time no Dicumaiol 

*^einl deteiniin itions of tlie iiiothiombiii time the hematocrit and tlie sedi 
'‘"-ntation rate and soiial electiocaidiOr-i uns weu made on all dogs T\picil 
Mmplc pixitoeols lie shown in Tihlcs IV and V 
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The aminals weie saciificed at inteivals of five to twentj t«o daiu aitir 
tlie ligation of the eoionaiy aitery The time of death and the distubiition oi 
the gioups aie shoivn in Table II The lieaits weie lemoved, cut oiien, aiidliul 
in Kaiseiling I solution Subsequently the coloi of the tissues was deieloptl 
in Kaiseiling III solution and kodacliioine pliotogiaphs weie obtained Suitah'i 
blocks of tissue ueie removed foi histologic examination 

RESULIS 

Seven of the thiity-two dogs died within twentj -foiii houis attei tlieino- 
duction of eoionaiv occlusion, giving an mmiediate nioitality of 218 pei uiit 
(See Table II ) Theie weie no deaths attiibiitable to eaidiac faihne alter th 


Tabie II Experimental Datv 


Died vithin 24 hours oftei coiomij occlusion (21 8%) 
Conti ol group 

Sacrificed duimg first week 
Sacrificed during second week 
Sacrificed during third week 
Total 

Dicumarol treated group 
Sacrificed during first week 
Sacrificed during second week 
Sacrificed during third week 
Died heniorrhage/infection on eighth 
and eleienth day re&pectiveh 

Total 

Total experimental coronary occlusions 



filst dav Five of the dogs tieated with Dicumaiol developed 
to the abnormal henioiihagie tendency that lesiilted Tivo of tliese ‘ 
eiitlv from anemia, and the otliei three became seveiely anemic 'C 
of the findings in these animals aie shown in Table III All oi the aiuni. 


Tvble III Hemorrhagic Complications of Dicumarol THEPim 
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DICb 

MVROr 





lONGEST 

LOWEST 

(AV 




SACRI 

I ROTHROM 

HEilA 

DAIL\ 


DOC 

lULIJ 

(DAY) 

FICED 1 
(DA\) 1 

BIN" TIME 
(SEC ) 

tockit 
(7o) \ 

DOSE, 
VC ) 



S 

0 

11 

14 

17 


11 


16 


21 


50 (12%) 
37 (16%) 

30 (20%) 
65 ( 0%) 

05 ( 9%) 


16 

15 

15 

32* 

10 


40 

20 

25 

25 

10 


VUIOPsl 
nNDINP^ 

V, 

1 

iieniorrl! igo 

Ul.enliii 


Gastronitc^ 

from tlip 

„o mural 


*This value ma> lepresent relative hemoconcentration rei>uUinp 

one developed typical mjmcaidial iiifaicts There " 
bosis in any animal, and theie was no evidence that aiij 2 ^^ i„ii 

nomena occuiied Tjqncal protocols foi a control dog, jV aii'l ' 


toi a dog tieated wnth Diuimaiol, Dog 21, aie sliowii m 
lespectii ely 
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lutops) The nouua waa nell licilel Tint « i < Jhc ions I Ine n lunr, ui I cU t 

''ill There naa no effusion Thor na a. light perlc 1 linl effu 1 rj th 
Hulil of nhlch \\o9 tH-iosiingulneou** In chmeter Tin r 1 ni 11 iin > 

irci of fibrosis o\«rl>lnB the legion of the InlersentncuU r plum in l mni 
ipparont thinning of the ip x of the loft 'ontriclo Th vi, s « U n li 1 
iufarct 


coniiol elcetiot'iichoj.iams ■wtjc anal\/e<l icspeet tu the 
*^^nsl4len^l^ affected b> iiijocaidnl Hif uction The findni^^ foi of t)te 

'I'W tint sunned aie shown m Tible Aftci oiciusioii of the inUuoi dt 
'^endin^ branch of tlie lelt colon uj nrteis changes lescmliluir, the huinaii t^iTj 
Pattcin well, ohsened in fiiteon of twents one nninials wliose scinl ilectioc iidio 
r.nms weie satisf icton foi inahsis An example of the flmaeteiistic ch iiecs is 
shown 111 Pi^ 1 The tspml featiiits occiined in S7 ])ci cent of tlic contiol 
TOinnls and m 61 pci itiit of those itccnne Oi<«mirol Sic Table MI 1 
b is doubttal th it tins small diffci eim is si^niht uit The occin u me of changes 
m Q, T, T T, md ST segments ioi the cntiie ..loiip (eontiols indtioitedi 
's siimmanzcd m Table VIII The i itc of eioliitioii of the Q,T, pittciii in each 
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fciu VI Fl H T} 0« \1 mini \M os IV lUI'STX ((IMIoLDoiH 




Q, 

r 

— 


\ljstJit 

i 

i pnjii 

10 


Prtstnt 

4 

DipJji 11 

{ 


Deep 

U 

1 otletfni 

0 




Invetti 1 

7 




I 



Ij]iright 

J1 

1 priglit 

0 


Diph isjt 

I 

Uipht M 

1 


I oelectriL 

1 


1 


luverltd 

7 

luvcrti 1 

' 



sT ’^i^Tmuts \iii 

L<»i 1 




No dcMitiOD 

1 




Dejiro td ckiitiil 





i\uif MI 1n\lnsi''o> Scini 

ElECTR<?C VhJ Its i CMS 




UCCLt RENCe Qt T\PlC\LO T J ITTfTN IN 




Controls 

i out of S 




Dicumnrol treated 

s out of 1 1 




Total 

1o out of -1 



Q 

OCCURKENCF OF aRRJUTUMnS 





Premature xciitricuhir eoutimtioiw m 




Controls 

a out of 



Dicunoirol treated H out of 

Prenjiturc. 7JOiJ<J eontnution^ tnd buiiJJe brimh )>lc>ck <n 
Controls 0 out of s 

Dieutuarol trc Utd 4 out of 1 


Tcble Mil Ejfect op AsTEnion Inpcrction on QT Pcttebn m hriii\L ELEcmociRDio 
cRVits, Twenty osl ^\TistACTOR\ JIecohds 


No chnne,e 
Control to <lcep 
Deep to al)sejit 


T 

7 \o elnnf^e 1 

J*? Upright to ui%crtcd I 

1 I pright to laverto I 

to upright 9 

In\<rted to upright 


^0 change 30 

to jn\ert(Ml 7 

^prit,ht to inserted 

to upright 3 

Iiuerted to uprigJif 3 


T 

No eh luge 

npiight to luiirted -i 

Upright to micrtetl 

to upright 1 

Irmrtid to upright 


ST Segment 

Kicijiroral displaienient Leid I and III 11 

NoreujiroeuI <li plnu-nuitt Id 


-.ixiup IS siimiii jiized in Tibic IX There was no diifucnce in the lato of ttohi 
liou of the changes ni Q, In the 'iiiiinals that rtcened Dicumarol nu cited Tj 


tetunicd to noiinal on nn i^eia{,c of oiu da\ latei than in tlic contiol do,^s 
signifieaiiet of tins difttieiicc also is doubttiil Vrilivtiimias (see Table 
B) iicie found moie fietiueiitlj in the cleetiocaidiognnia of tht, do^s tiiat 
teetutd Dioumai'Ol Howes ei it is oiu e\peiience lint sshtii titctroi iisliosi ims 
“'e nude dailj m do<,s, sei-j few fail to show soint luhjfhinn sffii coioiiais 
etehision l,i the piesent espeiiiiient, tiacings wcie not alwass nude dailj 


duiiiii; tliL iiist -wctk uliui tlie Uansiton .invthiiiias octuiied Bundle braiuli 
Idoik octiuicd twici in tlie lie.itod {iump, imt tins is not iiiiiequtiit as a Iran 
sii nt 01 ( III II 111 0 in do^^'’ n ith iin oi aidi.il int.iiction 

1 \i)i t IX l\oibrii)N 01 Ill'll PviiiiN IN ^isisrus Vmmm s b\ti ifilw in nkumiami 
' llllltD UHK \nn (OIOSNIV Oten MON 


< 2 . 

( (intoils ((>) 

1 nt (IcNthipiil <lt< (( 1^1 

()iie li 1(1 no -(i^nilit int (.iiniiat in Qi 
Out rulurnotl to normal on tninlN lir>t d n 
lour utri •- itrilutd litnjri (.hanf,( oiiarrtd 
Diuini ind tn Jltd (11) 

Si\ (ItNilolitd dttp (|), 

I ni li id no tut i lian„i m t^, 

I i\ i* wtn. -nrilnid litlori i liaii^i oi.turRd 
Oni r( inrni d to norm il on imirli i ntli d n 

T, 

I ontiols (0) 

I m diNiloiad invirttd 1, 

I ni' rtluriitd to norm il 1)\ ti;,litli da' 

Oiu hid no si^niln ml i h in”i in'li 
I)i( uinarid l rtatid (11) 

1 m dt vtlo|H d lint rit d '1 1 
I our hn imo norm il 1 »n nintli da\ 

One diid on t'ljilitli dn I'l untried 

''IN h id no ''i„nitn in t i li mai m 'I i 

^\llll oiu' tMtptlou all tlu* licails leinotid at aiilopst 
infants ol till' apical and aiileiioi si'ptal legions, with iiiNoeaii ui . si 
and suhi'iidiK.iuli.il licinoi i ha^e The sole CNception, Dojt J J^luded 

visililo inlaiit The Inraliiu was in plate and the coionait jiraiitli 

Lante anastoiiiotie Inaiiches wcie ensile seen ,jot apP'^^’' 

with the tiKiiintlcN Inaiich ol the lell coionan aitciv jujarcts oi 

to he anj sionituaiit, consistent ditleience m the sue ot * Tlib judi; 
ainoiint ol heinoiiha"ic nifiltiation in the two frumps^ ot J^(el.Iorlll 

nient is li.isid on e\i)eiieiiec with mote tli.in 100 dofrs heaits (he 

laitlion lit pi odtu turns ol kodacluoiiic photogiaplis ot pleural 

tieated heaits saciihted at siiiulai tinicb ate shown in Fip:s q£ Jogs 

and peucaidi.il .tdhesions oecuiicd with ciiuiil tic’ijuent\ ni ea [gs^ than 

It lb w 01 the ot connneiit that the extent oi these due to the 

m oiu piee'ioiis expeiieiiec The ditleience idiciostopii 

oi peiiieillin, applied topiealh, in pieeeiitnig intcctioi g 

tion of lepiesentatnc sections was peiiomicd be Hi tween the 
It eeas liis opinion that theie eeas no obeions diltcieiiee je "i 
L.ucts in the tieated animals and the coiitiols Howiug the sehedel^ 

Using the Quick method loi piotluombin time an :,:«l 7 tctheelott.»; 
of dosage ot Uicumaiol noted pieeuously, it evas possi ^ .jo-e 1 

actmtv ot the blood in a satisiaetoiy mannei BNcessiee ° liohila's*’" 
ance oi abnoimalle hnrli e.iliies loi piothioinhm lime oecu j ^ij^iatoiv 
eveek-ends evheii the usual daily dose was eontmued "i 
•Piofessoi of Patholos' NoIth^\t.3t^-lll Art-tllcal School 
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“HiRlit Dop 1 t^criHccl on the \ciiteeiith laj r c<.i% J a toL I 
acrift/^*^! • J'lXlmiJni \ ilu for piothio iibin time u 13 5-1 coiids l^ft Pofj 
'iiceu on the bc\eut etitli d; > There Is no Hff rence In II e appcaranc of the 


of ^ u 
II conlr 1 
two hearts 



I 1 U()\ \\l) \ \M I SKI 


') 7 () 

In (\ci\ inst.iiui III uliitli .ilmoinuil hlmlinir occui led, the piotliiombm tunc 
w.is loii^ei tliiin 2') seconds In the contiol ■'loup the piothioinbm time » 
slioitei tluin the lowei limit oi noiin.il diiiin>' the fiiNt week aftei occlibion in 
torn ot tlie SL\en animals with satisimton seiial tests (See Table IV) In- 
(leased clotliiiii actiMtc ol these dot's was ■ippaient oiih when 127 ptr unt 



111 , I — Hislit IJos 17 sncillUi-a oil til. I'M .'.’‘ 2 *^ 


iLcehi.l ;> '"‘ft' 


Left DOa 


Ulcuiuiiitl the in ixlinuin \jihu foi piotlironibln tiino \n '"'.viwrni llie 
flceil on the ‘siMeentli il i\ ntei\c<l ii tot il of t-'> Piciin 

protluoinbin tiiiie \s ih {0 fcc(ou(N 

plasma was used lot the detei mmation The laiiations pie couk*'-’ 

late weie not consistent and weic ot no impoitaiice m e'.it luclcc 

ot expeimient.d iinocaidi.il intaiction T'hc hematociit was . 
the extent ot such anemia is dci eloped 


smiiiAnx 

iRocaidial nilaulion was pioduccd in twent\ h\e 
anteiioi cleseendinp; Inancli ot the Iclt coionai' aiten 


e does In 


ot 


" ' 7 the aiiiii'*''''’ 

laittcn of 


ailLUllUl IILctlI(-lL UL lilt: il-.. llialltlnl-^^^^^ 

w'eie gnen Dieumaiol in aiiiounts ciiuicalent to those use 

® „ iiMs no ' 


Ttac 


ot iiatients with lecent mcocaidial iiilaictioii Thcie w.is of *1“^ 

alteied coagiilalnlitv ot the blood aftected the extent oi ^,jj„]ficaiit 
taicts Seiiil elcetiocaidiogiams did not show' auv consis 
eiice between the ti exited aiiinials and the contiols 


niciM\Ror i\ f\iH{iMrM\L v\(K\m)i\L im- \kction 


971 


( 0\ci I SION 

llic Ube ot tht mticodoulant Diciunaioi docs not 1 u\l ui\ dLnioii'stiablL 
deletenoas iidluencc on the healing ot tNptiimciitdl in\ot iidial infaiction m dogs 

TJie autliora wish to cxprc s flitir ^rntilmle to Mis Kutit V Trmiiii B V for Iicr puiw 
tikiDjj hl)oritor\ norlc 
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'J'HE EFFECTS OF DICUMAKOL ON THE ELECTEOCARDIOGE\M 


Si:\MOUR S B \LKIN, jVI D , AND Ai?raha"\i Gootnick, ilD 
MeAIPILIS, ThXN 


T HROMBOEi\lBOLIC complications long luce been lecogni/ed as a niajur 
hazdid 111 the couise ot acute mcocaidul intaiction ^ ^ Incieased blood dot 
ting teiideiicc iollowiiig niAoeaidial intaietioii has been demoiiistiatcd k 
])L atedh ■* ■' Anticoagulant thciapj 111111 Dicuinaiol has been im oked attonl 

ingle be mam clinicians as a pi ophj lactic iiicasuie to iieiitiahze tlie increacul 

jnopensitv to thiomboembolism tollowing niyocaidial mfaictiou In the pabt 
^eeeial yeais suthcient expeiiencc with this diug has aeciinmlated to slm luk- 
stantial (in some lepoits eeeii lemaik.ible) leduetion in thiomboembolie latib 
tiophes'^'^ Oui own laeoiable expciience thus tai has been sufficieuth per 
suasiee to justite addition of contiolled Dicumaiol theiape to the loutmereji 
men foi evene patient with acute 1113 ocaidial infaiction 

Theie aie scatteied lefeieiices in the liteiatuie to the lelatne 
ot Dicumaiol so fai as the heait is concerned, Blunigait and to woiken> c 
that in dogs whoso coioiiai}’- aiteiies had been ligated Dicumaiol bad no a u' 
eftects on the eeolutioii of the intaiction pei se°’ ' In a field 
diogiaphic developments aie depended on foi ecaliiation of meocaicia c' ^ 
It becomes impoitant to deteimme whcthei 0113 ot tlie 
changes aie due to the drag taken The puipose ot this study uas oes 
whethei Dicumaiol pei se has an3 effects on the electiocaidiogiani, an . 
cvhat these effects aie 


JltfHODS 

Dicumirol gueu to fort 3 eight subjtctb Of tliese, twehe 
discoverable evidence of c irdiov iscular disc ise and with repeattdlj norma ® ^ 

(Gioup 1 ) Sixteen were patients with v ir 3 ing tjpes of cardiovascul ir^ 'rehnim'"''!' d' 
of abnoinial electrotardiogiaphie patterns whicli lem lined stable durin,, P fill a> 

tiou (Group 2 ) Dailj electrocardiograms were taken at each step 0 of iiorffl''' 

the prothiombin level until prothrombin activity between la md _5 pir ^ prottm®'''® 
ittained In several inst inces Dicumirol dosigc was deliberatelv of sucli 

coucentr ition fell to less than 10 per cent of normal so as to observe t le ant' 

on the electrocardiogram In ismuch as in ohr cases of acute mv ocif jjf 

coignlaiit therapv is continued until the p itient becomes ,n five of '''' 

quate Dicumirol mtdication continued for it least foui weeks was iiid bmop 

normal subjects and in foui of the subjects with cardiov isculir disease t 
respectivelj ) 


fouiteui of ou; |'‘2 Pun 


< will 


In addition we studied the seiial electioc iidiograms m 


iogiaiu :5 — jence of po f 

acute infarction who were on a Dicumarol regimen (Group J) “ 

luirol effects, both during the poiiod of Duumaiol 
the diug 


treitment uul 

Keimedv Veterans 


vamim 


trait" 


From the Cardio-Vascular Section Aledical Service - 
Hospital \ iminisfatioo ,''r 

rOibhshed with peimission of the Medical Director /' ,y(n b> Um 
no respousibilitj for the opinions expressed or the conclusion 
Received for publication March S lOtS 
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M'tECTS Oi- DICUM\ROl ON aHf- Ffl-CT«0( \1U)I0( KAM 073 

V ty'xratc group of •<i\ pxtants (Group i) wUu t* tie tTocarjhuj,r uiia liad 

remained staJda under prQloUjjed oh trt itiou \>ere also trcototl ttitli Duuiuaiol in the manner 
desenJied to ob one the po ajbk modifiinK indutn t of the dni{^ <n the eitnl degrees of 
digdahs effect 

In all Hubjectfl a prclmun ir> htuJa ot leiial function u is Jane and i pretreatzuent 
prothrombin le^cl uas obtained In the eour i of Dnumarot aiJrujui«tr ition the <trug effis f 
ini'? clo'^el} controlled uith diil> prothrombin le\el d( ttroimation nnd toviciti on's « itthed 
for b} d iilj stud> for mierosiopic hem «turn oMuiiiuition of tlie km for heniorrti igie eatrai 
aKitiou'^, and inquiry about bkidiug from gums no e mil gn tr<intp tm d tri t 

V ulo from the mimtenanoe do e of digitalis ntitMil b\ tin i\ patient of ( lou} 4 
the oqIj medication giien was an oe\^ isional doac ot itipirm and m ( r luj < <»{ ntv ml 
pip uenne during the early stages of louh luioi irdnl iiifnn tioii 

Leads I, II, III CF, CF and CF ncre tak<a m all iiisf m i LIcsfro irdu^i iiu m rt 
mal^zeil nith respect to auneuloiontrieuHr and aiitrisintn alar nn lu tn a T 

Juntioo, RS T le\el, and amplitude of aurnular and \eiitn u!ti < oniponents 

Tho Quick method u is u&ed to detprimne prothronihin i tniti Eitii lutdi t tliroiiilio 
pHstJt substance WS3 calibrated ngunst a numlier of niranl » rn in evira) liluri n to 
uimimue the errors of interpolation Re idts uen e\{ le el n j er enta,«e <t iionini] p 
thrombin nctiviU 

RESULTS 

In Oioups 1 aiul 2 dll electiotflidioffidins Ukei) dt surcisMioh Iowm |»io 
tlnximbm letcK ueio suhstantJail> the same An uccismual slmucil 

luimuni chan;.cs m Tinplitiule oi Ti ind inoie i»ul\ in amrilitudt ol lum 
niensunte ^\^th the isiocjitcd ehan^ts in late In t)u picroidwl I< uls tiunoi 
changes m R/S latio were seen attnbutnbJc to slight shifting of tht esploniu 
electrode duiing successive tiacings 

In those subjects inaintamed foi sottiuf necks on adequate doses of Oku 
hiaiol 110 appieeiable ehaiiLe appealed in the clcctioeaidiOp^iams is a icsult of 
the prolonged medication 

SubjeeU guen ma\uual doses ot Oicum uol with dcpiessioa of piothioininn 
to less than 10 pci cent of iioinnl sliowed no etoetUK irdiOr.iaphic effects of then 
hv poprothiombiuemia 

The serial cleetioe udioj,iains of pntitnts with aenti nnoiaidial infaietion 
'^OiQup 3) showed the e\peeted piogussne ehanr,es ot hedmg mtaution Ihc 
rate of piogiess did not diffci inatcnalh fiom tint ubseued m patients not 
lecevMu^ Bicnmnol AVithdiawal of the dju„ duuuj, oouvileseenu did not 
c uvse sigiiiheant dectiocaidiOf^iaphie ehan^t mom of thes< eases The lesidual 
c{ect\ocardiOf,raphie dnioimabties in this small senes fell within the espeeted 
lauge of late postnifaietion patterns 

All of the nioup of jiaticnts whose cUctioe udio^iains showid ahnoimaiilies 
aUnhutahle to digitalis {C loup 4) utanud the lespiftnc jiittcius unehaugul 
b\ efteUue doses of Dieuniaiol and the eleetioeauhogiains icmainul stable attei 
'’Mthdiawal of tho Dieuinaiol In om of these p-ilieiils occasion il vuitiiculu 
c\tiass stoles appealed lu tlic coiiisc of the stndv intl thsappcaicd a„ain when 
diKitalts was withheld loi two dns Posagt of Dicumaiol was not elnn^cd 
durm„ this mtcual and the electioe iidiOoiam was not othciwisc affected 

Questionable toxic effects wcxc obstived m onh one ot tlie subjects On a 
hioming when tho piothiomhm coiiecnti ition w is 17 pci cent ot noninl the 
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]iatitnt lepoited couching up (oi possil% \oiuitiiig) a small quantit) ot hluml 
st leaked mateiial Theie was no associated c\idence oi bleeding m the skin 
mucous membianes, oi mine, and no change in blood piessiue, head i ate, or 
led cell count The electiocaidiogiain that day did not diftei iioiii pieuouj 
and succeeding tiacings The patient was given 20 mg of sjiikaviite intra 
\enoush and Dicumaiol was withheld There ueie no fuithei adverse mam 
fistatioiis 


suvni \R\ 


The addition oi Dicumaiol to the tlieiapeiitic legimeii of patients lutli 
acute mvocaidial infaietion suggested the iii\ estigation oi the eftects of the 
diiig on the electroeaidiogiain 

The subjects ot this study, toi tv -eight patients with and without heart 
disease and with a wide \aiietv ot electiocaidiogiapliic patterns, weie 11101140111(4 
ioi a peiiod on adecjiiate doses ot Dicumaiol Seiial electioeaidiogiaiiis taken 
dining this peiiod weie analyzed 

No significant electiocardiogiaphic deviation attiibiitable to Dieiimaio! "Js 
obseived in am oi the subjects 
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TIIL LII-E SPAN Oi THE SICIvLL CELL \ND THE P VTHOGLNBSIS 
01 SICKLE CELL VNEI\riA 


K \RL SiNGFR, AI D SiD\r\ Robin MD Jo'^fih C King AID, vnd 
Ron VI d N Jeiffilnon AI D 
CiiicvGO III 

T he mcehanibiu icspoiibible toi the development of sickle till inemu is not 
>et undcistood Onh lelitndv tew Ncqiiocs who Iniboi the sicl le cdl tint 
aie afflicted with tins liemohtie svndiomc Recent in Mtio studios ot tlie siel liii" 
phenomenon in oiu laboratoi)’ failed to deinonsti ite am iniidameiital difteience 
between tiait and anemia cells AYlien susceptible eisthiocvtcs iic suspended 
in a cultuie ot Baallus suhhhs eithci sickliii" oi oat cell toiination occiu's ie«u 
lail> attei fiom five to fitteon minutes* No distinct coiieHtioii could be de 
tccted between the nuinbci ot sickle cells m the pi cp nation oi the lapiditv 
and degiec of the sicl IiiIq jnocess uid the piesence of either tiait oi anemia 
Tlieiefore it seemed conceivable that an additional (luahtativch difteunt factoi 
miohtbe opoiating in the production of the anemn 

As has been pointed out m a pievious pupei the vaiious hemolvtic svn 
dromes nnv quite genci ilh be clissified m two mam ^loups The fii*st coni 
puses all the disoiders in which led cells art dam igcd b\ m cNliacoipusdil n 
mechanism (foi c\ample malarn) In the disoideiN beloiinUig to the se oiid 
oioup, piematme disintegration of the cntluoevtes is appaienth caused b\ a 
piimaiv abiioimalit-v ot tlic stioma which ma> mamlest itself moiphologicalh 
(foi example familial hemohtie jaundice) This chssjfit ition is based on the 
0 called ci’oss detoimiiidtion ot the suivnal time of led cells AVheii iioimal 
en throe) tes tiansfuscd into i lecipicnt with a hemohtie svndiome suivne 
iiormallv wheieas the lecipient s own icd colls tinnsfused into i noinnl pci 
son have i considciabh shoilened Iitc spin m intiacoipusoiil u inomih mu 
be suspected Contruivvise when normal red (dls tiaiisfiised into the piticnt 
with the hemohtie svnidiome aic as lupidh destiovod us the patient s own 
cells the piesence of an t \tiacoipusculai inechunism mav he assumed 

This paper deals with tioss dctciminations ot the suiviv il time ot sickle 
colls Tiait cells wtie tiansfuseil into patients with sickle cell menua ind 
memia cells into heilthv iccipieiits displiviii^ the sitl le cell ti nt 


MMl-mVI AND MI-TUOUS 


The di i^nosis oL sickle cell incmii in pitunts usid in this studv was bised 
OH the piesence oi a milked oi modeiate anemia incioasi ot the letuuloovtc 
count and elevation ot the semm biliiubni besides a (omjiitible clime il pic 


„ trorn Uie Department of Hematologic Ile«^eurcli an 1 « c nepartment of Pc JHtrIc Be 
Mclical Re carch Institute Michael Reece Ho pltnl nnU the Department of P dKtrlcs Provident 
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nolhfechil 1 Foundation for Scl ntlflc Re eareh 

„ The IXpartment of Hcmitologlc Rc earch I al'.o uppoit I bv th Hcmitologv R s ireh 
'oun latiou an I the Michael Ree-e Re catch Fouiilatlon 
Rocehel for publlcution Ftb 1 19 is 
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tuie and a positive sickle cell test Almost all individuals toiisicleied to lepu 
sent instances ot the siekle eell tiait had entiieh noimal hematologic fiinliii's 
except ioi the positive siekle cell test Eaeh patient had at least tiio complete 
liematologic examinations befoie being chosen eithei as doiioi oi as leeipieiit 
Hematologic Detenmnations — Five eiibie centiiiieteis of blood ii ere oli 
tamed bv venipunctiiie and tiansteiied to a vial containing 4 mg potassmiii 
oxalate and 6 mg ammonuim oxalate Fi oni this oxalated blood the tollmviii» 
deteiniinations weie legulaily peitoimed 

Hemoglobin Photoelectiic method ot Slieaid and Sanfou? (Eicbii 
coloiimetei) , 100 pei cent equals 15 6 Gm pei 100 c c of blood 

Red Cell and White Cell Counts United States Biiieaii of StaiKbrih 
eei tided pipettes and hemocytonietei used Automatic shakei 

Hematooit Centiitugation in 'Wmtiobc tvpe of hematoent tubes for 
tlniti minutes at 3,500 leiolutions pei inuiiite 

Bilunbin in the Plasma Method ot Malloy and EichiU 
Sickle Cell Test The lapid method of Snigei and Eobin' 
Fuitheimoie, snieais iveie piepaied tiom eapillaiv blood on coui dips 
and stained with Wiight s stain The leticnlocite count was obtained In the 
dll method 

Methods Lsed foi the Detei mmution of the Sut vital Time Detenmnations 
of the siiivival tune weie done with the method of difteieiitial agghitniation 
(Ashby technique-') Eithei 0 cells weie tiansfiised into leeipients beonyih 
to gioup A 01 B, 01 , if donoi and lecipient weie of the same gioup, 
cells eoiitauiing the N agglutinogen iveie intioduced into an M m 
eipient Anti-if seium vas then emploved toi agglutinating out the lecipiei^^^^^ 
own cells in the tollow-iip studies Anti-N seiuni was used onh 
not foi am ciuantitatii e evaluation on account of its known iinieia n 


this pill pose " 1 t t scia 

T-vping toi the Landsteinei blood gioiips was peifoimed vit i 
piepaied bi the Seium Centei * Testing foi the M and N tactois in 
with seia supplied by the Ceitified Blood Donoi Centei t In 
Eh factoi was detei mined b-^ means ot a hiiinan anti Eh seium o 
Blood foi tiansfiisions was obtained by vempiinetuie and vas 
into a flask containing 50 c c of a modified a c d niixtiiie Then 
lemoved and icplaced by a sufficient amount of a dextiose saline so i 


An adequate leplacement tianstiisioii was gnen 


to all anemic donois 


mediately aftei the bloodletting, thus moie than compensating for ' 
undesiiable loss oi eiythroc’^des , | gf Yoim?' 

Foi the follow-up studj ot the tiansfused cells, ' jg^ipieiit bad 

Platzei, and Eaffeity® was found to be leiy satistactoii \ei' P®^*^'** 

at least two detei mmations of the nonagglutinahle cells ’ 50,000 ps'' 
seia weie used, the iiiimbei of nonagglutinahle cells nevei exc 


tljiiicjlb 


cubic niillimetei 


•Michael Reese Reseaich Foundation . 

tJamalca N T , , CenRr 

tWe are indebted to Dr S Lexinson and Dr A AVplf of tte be ^rjOirocS 

Research Fouudation for theh invaluable assistance in the proce- 
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Oji]\ 'voiiiis childuii (1 to 6 loais old) utie sdutu] is luipiints Becdiise 
of then small eiiculating blood \oInme a coiiesponduvlv small tiausfusion 
n IS found sufficient to result in a sitistictouh high mldition of tlie donoi s 
(.ells pel cubic miriimetci PacUd cells deincd Izoni 200 to 500 ct ot whole 
blood were intioduced, Molding an initial incieise of 540 000 to 2 million cells 
per cubic millimetei m the letipunt s total enthloe^te le\(.l Ihcse initial 
Mines wcic established tw(.nt> loin honis atfii transtusion in oidei to noid 
am significant lndcculac^ due to in lugiiKiit ition ot the enculatnig fluid 
\olume^ altbough it is i*eihzed tint some ot the tiansfiised cells lllead^ ma^ 
ha\e been eliminated within tlie fii-st twonti tom liouis Altei det(.imiiim„ 
the starting points, follow up studiis wcu done twnc weikh dining tin first 
month and fiom then on c\ti\ weik 


HtStLTS 

2 nin:>fusion of 2nni Cells Into Patients }\tth 'siclh (ell 4.n(}iiui — b\ 
pernnents of this tjpe wcie ptiloimed in time nistames Tin hiniitoUvn 
dita of the lespectnc donois and iceipients aio (ompiled in Tabh I hia 1 



''hows the Clines illusti itiiij, the disipptai nice of the donoi s ct-Hs The pu 
(^eiito^e of tlie siusmng cells is plotted af,aiiist the number of di\s loHowinp. 
transfusion In ill tluec instancts the sui\i\al time of the tiait cells w is noi 
with an a\eia„e ot 120 da\s Thus tiait cells wlien ti nistuscd into pj 
tients With sickle cell anemia ha\e a iioimal sui\n il time 

hi^, 2 shows the \dXious icd cell counts of one of tlit transfused ictipiciits 
these \alues repiesent the sum totil of two populitions of ci\tinoc\(ts tint is 
the iccipicnt s own cells and the donoi s cells 4.s c in be seen fiom the ilhis 
trations, the patient s owm cells wcic. fint hcIno]^zcd much moic lupidh tiian 
tht transfused tiait cells After about thirh d us theic was an incic Lse of tlic 
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Tablf I Tpanshsion ofT^ 


EXPFRI 

MEN! 


DONOR 


AOE 
(\R ) 

SE\ 

IIB 

OM 1 % 

K B C 

(million) 

WB C 
(1,000) 

RETIC 

(%) 

BIU 

PUBIN 
(MG %) 

npiNG 

FORMrU 

50 

F 

12 1 

78 

4 90 

59 

08 

04 

i RIIt 

30 

r 

12 7 

82 

4 28 

5 1 

02 

0 50 

OEhr 

28 

r 

13 0 

81 

5 08 

/ 12 2 

1 0 

04 

OKii, 


patient s own cells AVhen the tiansiu^ed cells had completely disappeaicd, JR 
pio\imatel\ the same degiee ol anemia was pieseiit as existed betoie tlie t 
fusion Siniilai lesnlts weie obtained liom an analysis ot the tota couu!> 
the ti\o otliei patients in this gioup 

Tiansfuswn of Stclle Cell Anemia Cclh Into liecipients ^\lthSlc 
T>att — Red cells tioni toui patients with sickle cell anemia 
tliiee patients ccitli sickle cell tiait In one expeiiment the rec g 

anemic patients both having blood gioup 0 weie mixed an diia 

smgle lecipient, thus cieating tliiee difteieiit populations o le 
leeipient The hematologic data ot the individuals used m ^ .jj jjp,i Je- 
of studies may be tound in Table II Recipient 1 vas a patieii 
ficieiicc anemia haiboiing the sickle cell tiait This patient la 
mieiocy tic anemia ivitli absence of taiget cells and showed a tP' 

1 espouse with elexation ot lienioglobm and eiitliiocctes a ei 
ot non 

Tb-cnsfisii" "f ‘ 


I \1 ERI 
MFNT 

VCb 
(YK ) 

S?\ 

IIB 

<M 1 % 

1 B C 
(Mil 

J ION) 

W B c 
(4,000) 

1 

8 

M 

7 9 

51 

2 c)2 

54 

2 

0 

il 

7 8 

50 

2 39 

22 4 

3i 

12 

M 

7 5 

48 

2 48 

18 3 

ib 

0 

1 

9 7 

02 

3 05 

14 9 




uoi'-TOf 
BWOUCSED 
HIP W'''“ 
HSW'' 

'220^ 


n 5 


80 


■ii 


10 B K'n 
2 4 0 Rl‘+ 
0 7 0 KI‘+ 


2200 

200 

JOO 


Mi- 

tt 

Nit- 

t- 



Tin SI IN 01 SlCkLI cm 


979 


NTS With bisi ii Cili Vm-mu 





nren ifnt 



1 

RESULTS 

1 

1 

c 

IID 

an 1 % 

R.B C 
(MIL 
LION) 

w u c 
(1 000) 

TETIC 

(7o) , 

BILI 

ROBIN 

(ilG 

%) 

1 

T\IINfl 

fXIRMt Ia.\ 

1 

1 

REM\hKS 1 

rVCRL.VbE OP 1 
INITIAL BBC 
IN RECIPIENT 

VFTER TIsANS 

FUSION 

(MirilON) 

sun 

\I\AL 

TIME 

(bws) 


0 2 40 

- 1_ 

19 7 

100 

25 

V Rll+ M 

Numerous t ir^et 
cells 

- 16 

12/ 


9 f 02 

4 03 

9 7 

50 

1 2 

A l{h+ 

Numerous f irgef 
cells 

1 54 

IIS 


/ 9 ol 

3 33 

10 0 

10 0 

24 

B Kilt 

Numerous target 
cells 

lo Nucleated 

R B C per 100 
W BC 

2 01 

114 









\.\er i^e 

120 


111 all mstanees tlieie « i.s a definite slioitenuig ot tlie sun ml tinu‘ ot llii 
anunia cells (ri„ 3) In the first t«o eNpeinmiits tin aneima nils ucii no 
loiitei demonstrible attoi tlmts ind thniecn dns icspeitneli Ot spccnl 
inteie.st is tlie piofilo of Cunt 3 ■Vt fiist 46 pei cent ot tht intioduotd cells 
disappeared rapidh Mitliin tourteeii dais then theit w is a la^ ot ten da\s 
ultiehuas followed liv a fmtliei but conspicuou.sI\ slouei dcciease ot the nuiiibei 
of transfused colls All anemia cells bud disippeaied attei fitt\ eight dais 
Although no proof can bo offoted one mat intcipiet this stepped line of dccat 
as being caused bt an initial ten lapid eliimnation ot the red cells ot Donoi 3a 
"lio had a teit lotno licmohtic pioecss Then Intel the icmanielei of the cells 
iiiosth oUninatiiic tiom the second donoi (Ooiioi 3b) with i much milcki 
liemolttio sjndrome disippeaied moic slotilt Ilowcter the numbci ot cases 

.u i)*'**® these experJnionts wete In progress Cill n«ler an 1 Vlckel* read a prellnilnar> paper 
at ihe T\ eiitieth \nnual Meeting of tJie Central Society for Clinical Research on aur\l\ il time 
icicmilnatlons of sickle cell anemia cell In noimal recipients Their results concur with ours 
weir studies also ^\eJe not coiiiplctcd ut that time tholr final rc ults an I int rpr tations 
cannot be taken Into consi leratlon heic 


Hies Into Sickle Cell Tkait Cvrbjeks 
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itli sicBle cGi* ^ 

biff 3 — Transfusion of sickle cell anemia cells into ' 

per cent of sunning donoi s cei 

the chnieal senn' 

IS too small to establish am definite coiielation pj-oblem 

of the donoi’s liemoljdie piocess and the suiviial time 
fiiithei stiidi, paiticiilailj in cases dining heniolvtie ciisis 
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DISCUSSIOV 

T)il ncijge Iilc span ol tin u<1 (ell iii do^s and hunun l)eiiie,b undci 
ph^slologlc conditions IS ai)pio\inutil\ liOdi^s Tins now must be coicsideied 
IS an cHtdblished tact (luite difteient methods ioi mst nice pigment studies 
m doj^s with leiidl bilniy fistula® ‘ nid siii\i\il tune dcteimination attei 
Innsiasion of \auoiLslj libeled ud cells ( A.shb\ tcchnnpic sulihemo 

nlobin,“ ladioictue nitiOoCn*-*) otlui-s ha\c ‘iiiued it this same Biitisli 

woikci-s, usnio the metliod ot diffeiciitiil a„„lutiii ition plottid the num 
bcis of sunnnio cells lodiiist time in i dn„i im ind tound a Imeai t\pc ot dis 
appeaiancc Nomillj a fi\ed inetion ol those cells intiodueed at tianstusion 
lie remo\ed in the unit of tune (0 S3 pei cent pci da\ ) This stiauhf lino of 
decay depends on a propeitj (age) of the tiansfiised cells tliemsehes The 
fiiuliiif, of such i stiaioht line ot disijipc naiiec o\ei a pciiod ot appioMimbh 
120 dl^s ma> theicfoie he iiiteijiicled is the evpicssion of enthioi'tt dis 
mt(„ratiou b^ noinnl means 

It abnoimil conditions exist these two ciitciia aic altcud tlu sin\i\ il 
time la cousideiabh shortened and the ©i iphs nc eithei stiai^ht but steep oi 
show a ciu^ed appoaraiicc Such abnoimal lines of deca\ aie indicitne ol the 
presence of abnoimal hemoI> tic mechanisms Bj means of the cioss deteinmiation 
of the sul\l^ il time one ma\ then „am bcttci insight into the natiuc of tliesc 
pitliologic eonditions When noimal cr 3 thioe}tcs tiansliistd into a lecipieiit 
with a heinoljtic sjndiomc sui\i\e noimalh, wheicas the lecipicnt s o^vu cells 
transtused into v normal pcisou have a considcnbh shoitened life span an 
nitiaeoipusculai abnonniIit\ ina\ be suspected Contiaiiuise when noimal 
red cells ti msfiLsed into a p itient with i hcmol>tic s^ndiome aie as rapulh 
elinimated as tlie pitieiits own nils an mdiseumiinting exti icoipuscul u 
tuecliamsm can be assumed 

Oiii expcnmeiits dcmonsti ite lint tiait cells have a noimal siu\i\ il tinu 
ami an ilmost stiaight line of dcca\ when intiodueed into patients with sickh 
cell anemii Anemia cells howe\ei when tiansfiised into trait comers uic 
destio^ea much more i ipidl\ as can he seen fiom tlie abnoimal giaphs Thtio 
foit the pathogenic piinciple opeiatiiic in sickle cell anemn lesides witlnn tin 
*<-d cells themsehes no exti icoipusculai mcclnnism cm hi undo icsponsihli 
for this liemoljtie s>ndioine Vltmanid® and Calleiidei and Nickel* leported 
diat tlie longCMt} of noimal el^thlOcvt(s m patients with sickle cell anemia 
is iinaltcied The finding tliat ti ut cells also siinue noimilh is of piaitical 
impoitance because these el^thlot^tts can be used safeh foi tbei ipeiitic tians 
fusions 

Oiu im e.st]„ itions hue estiblishcd i fund uncut il diffeience between the 
sur\i\ it tniic- ot anemia and triit cells Since botli t\pe.s ot (ells sliow tlie 
sicklin^ teiidenc\ tlie question aiises whcthci this diffeieiiee is i elated to i 
farublc dc^iee of the basic abnoimuIiU icsponsible foi the siekliiio process 
^ibctbei an additional stiuctui il alteiation of the iiienua cell mu be ui 
\ohed iJie followin„ fiets iiul obsci\ itions leqiuic consider ition in the 
‘illation ot this pioblem 
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(1) The well-known tlimtal hict tlnit one does not eiKountei ttaiisitioml 
t\pes between sicklemia and sickle cell aneniia cases would siippoit the eMsteiui 
ot an additional pathogenic tactoi in the iiioduction oi the anemia 


(2) Hahn and Gillespie,'" in 192'7, made the significant discoicn that 
distoition ot susceptible eoipuseles into sickle cells will take place onl} it thi 
hemoglobin contained in the cells is in the leduced state In citio studies oi 
the sickle cell phenomenon tail to show anv cleai distinction between tiait and 
anemia it the sickling test is peifoimed undei conditions optimal toi the rodiu 
tion ot hemoglobin Neithei wnth the gas chambei method of Halm and 
Gillespie’® 1101 cvith the lapid method ot Siiigei and Eobin,' wdio used a hrotli 
eultnie ot B ^ubhhs toi the leduction ot the oxyhemoglobin, could am defimh 
con elation be detected between the luimbei of sickling cells in the pieparatiou 
01 the lapidity and degiee ot the sickling piocess and the pieseiice of eit n 
Halt 01 anemia The otten demonstiable difteience in the lesults between pa 
tients with anemic and tiait cells with the moist stasis method is pm a 
caused be the inci eased numbci ot nucleated led cells, leticiilocvtes, an w lu 
cells piiesent in the anemia blood, onh these cells consnme 
matuie led cells do not As a pioot ot this inteipietation, the oiserva 
be ofteicd that wdien tiait cells aie mixed ivith the bnlfv atei ° 
blood, sickling can almost immediately be elicited, although 
may leciuiie moie than twentv-toui houis ivith the stasis me loc ° 
this lesult On the othei hand, intiavascular sickling jjpdn 

anemic patients much moie commonly than in Halt caiiieis, 
speculated that blood destiuetion may be due to vasculai stasis am 
ot the eapillaiies by sickling led cells Such a pathogenic 
is unlikely because it would not account toi the deinonstiab ) > c 


times of tiait and anemia cells in the same patient 

(3) The expeiiments ot Eeinhard and co-woikeis also 
the concept that a moie pionoiinced sickling ot cells m vno 

ill causing the anemia These w'oikeis induced patients tweiit' ib" 

to bieathe high oxygen concentiations toi peiiods of fiom eio' j con 

without detecting am inhibition ot the latc of hemoisis, a^^^^ 
sideiable deeiease in the degiee ot intiavasculai sickling was if 

(4) The finding that the pathogenic piniciple ot ^‘ellKiio'v« 

sides within the led cells may lend itselt to an g^jpjio ^ 

hemolytic discs wdiieh occiii 111 this disoi del jMuipbv an „ jgjjdeiic' 

that the age ot the led cell exeits an infliieiice on its ^ m siH'”' 
coiding to these authois, noimoblasts and leticiilocytes aie la ^^],en op 

foini This lattei statement is not coiioboiated bv oui ^ floiveiofi ® 
timal conditions toi eliciting the sickling piocess aie main agi“- 

may speculate wdiethei the alteiations of the stioina jg not 

when supei imposed on an alieady stiuetiiially peiiod of i'”’' 

lead to the inassice disintegiation of eicthiocytes m a ® ^ttei sueb ^'* *■**' 
w'hicli IS the outstanding hematologic featuie of the ciisis 'flui 

socle, the leiuvenation ot the blood bv onaiiv reticii od 
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the same pioctss icpcils itscli in itlatioii to the a\u siu\i\al time of tiic 
cells 111 the ciiculatioii This concept could he tested 1)\ coirelatiiio the time 
intenals between cilscs witli the lile spans of the icd cells betoie nid aftei 
such liemohtic exaeeib itions 

As can be seen from this discussion the knoun tacts about the sicklin„ 
phenomenon do not leadih explain the pitho^enesis ot the anemia Sicklinp: 
IS the expiession of an abnoimalita ot the stiom i ’ If tOt,ithti with this ib 
nornialit> theie exists an idditioiul altciation in Die ca to skeleton the cell 
stiuctiue becomes much moie \ulnei ible to the \icissitiides of life in the ciun 
litioii Thus the sunn il time ot the anemia cell is slioitcned We ut fulh 
awaie tint this Inpothesis is not act bastd on am positne o\ideiici iSew ex 
peiimcnts must be de\ised to tiiniisb moic tictiial suppoit toi this comept 

SUMM \in 

The method ot cioss deteimination ot the sunnal time ot iid cells was 
used for the stud\ of the pathOf^onesis of sidle cell iiiemii When normal 
eiuhrocjtes traiistused into i lecipient with a hcmohtic smdionu sunni 
uoimalh wheieas the lecipient s own ud cells tianstused into a noimaJ pei 
son hd\e a considciabl) slioitcned life span an intiacoipuscuhi ^})nol^ullt^ 
lna^ bo suspected Conti iriwise when noimil led (oils tianstused into the pi 
tient with the hemohtic sindiomt iie is lapidh destio^ecl as the jntunt s own 
cells the pieseiice ot an indiscuminatine, extiicoipuscul u mcclnnism niai Ik 
assumed In this stud\ trait cells wcie ti instused into patients with sickle 
cell anemu and anemia cells into hcaltln iccipieiits hiihoinv the sickle cell 
trait 

Trait cells sunue noimalU (120 ua\s) when tianstused into patients with 
sickle cell anemia whcieas the patients own (ells lontinuc to be hemohzed 
at a fustei i ite Aiieiiii i tells when tiansfuscd into tnit caiiiei-s hd\e a 
‘‘hoiteiicd life span with an aicia„e ot ibout one louith ot the iioimal Theie 
loie the pathogenic piineiple opeiatiiir. ni sickle cell inemii itsidcs witlini the 
led cells themselves no extrucorpusculai inechainsm can ippaicnth he made 
lespousible foi this hcmohtic svndioinc 

Tiait cells cm be used safelv foi tlici ipcutic ti instusioiis 
An anahsis of the known facts ibout the sickliii^ phenomenon shows tint 
the sickhiio piocess which is the txprevsion ot in nbnoimilit\ of the stiom i 
<ioes not lend itself to i satistactoiv cxpl in ition of the pathogenesis ot tlu 
iiiemn The Inpothesis is fonnulatcd tint sickle cell anemu develops heciuse 
m addition d altci itioii in the c\to ski Ictoii whidi is (pialifatndv diffcient 
Doiii the stiuctiual iiiomih lesponsible toi the sickliii^ jilKiiomciioii 

RU-l-BI XCFS 

1 ‘'inf,er K uid Rohm S Kn|in] To t fir tin pimoii tiatiou of tin Si kle ftll I hi 

noiii(.iiou and It** CIjuu il biguific iniL J V M V 136 Vjird 1J4S 
Nnt.er K Irohkms of Lrjtltrhijte Di iiite{,r iticn With lartaulir Kiftreiac to the 
„ ,, t ift Spau of thi Ikd Cell 1 I^ui&.Cux Mm 30 «'<4 IJ4 i 

‘ Nicird C iiid Sanford V H V 1 liotoile tru Hcinotlobiiioincttr Clinic il Vpiilaa 
tions of the Principles of I IiotoeUctru Pliotoiiictr\ to tlic Mci urciiiint of Heiio 
dohin J L.\i{ c Cnx Men 14 »jS 10,9 
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INTRAGROUP INCOiMP VTIBILITY WITH RUSPLLT TO THE Hi 
BLOOD FACTORS AS A CAUSE OP MINOR IIEMOLA TIC 
TRANSI USION RE VCTIONS 

Ale\ vndek S WiENi-R M D , I V C P F C V P 
BrooKLW, N \ 


T he uoik of Wieiiei and Pctcis* m demonstiating tlio loU of the Rii ficloi 
of Landstemei and AVienei** in the pathogenesis of intia^ioiip Jiemohtie 
transfusion reactions non liis been ainph oonfiimcd * Tins has biought alioiit 
an impoitant change in the iiiactict, ot blood ti ULsfuMon nainoh tlu mdnsion 
of routine Rh testing along with AB blood giouping tests as i basis roi the 
selection of donors foi blood tiansfusion The jnopti application ot these tests 
has led to the \iitual elimination of dangerous oi mnjoi liemolvtir icutions as 
a complication of tiansfasion It oi^dinllj has become lecogni/ed moico\(i 
that Rhpositue indi\idual5 also can bo isoseasitizcd because of tlit esistdid 
of moic than one ^anetj ot Rh factoi and the so c died Hi factois I m 1 d\ 
these othei blood faetoi's aic fai less intigemc than the oi]e.jiial ihesiis 1 letoi 
(Rho) of Landstcinei and Wienci, so that such cases aic quiti lait Minn 
isoseiLsitization docs occui it liaidh c\ci leachcs the dcgiee cliaiacteiistie ot Rh 
01 V B sensitization so that the antibodies usudh aie not deinoustiable in the 
sensitized individual s seniin and the icactions following transfusions of incom 
patible blood aie mild and simulate pv logcnic u ictions ^ These minoi hemoJv t 
1 C reactions oecuiinio in Rh positive ucipicnts aic the subject of the piesenf 
paper 

Paialleling tlic impioveinents in tiansfusion jiiactieo biouglit ibout bv the 
discoverv of the ihesiis blood factors thcic also has beui piogiess in eliminating 
pjrogens as a cause of nonspecific chills and fevei lollovvin^ blood tiansfusions 
For example at the Jewish Hospital of BiooLlvm duiing the pciiod tu 
RH7 the total numbei oi blood tiansfusions earned out anuuallv mcicised fiom 
1 800 to 3 800 yet the uumbei of untoward leactions deci eased fiom fiftv tight 
to fortv seven a diop m late of icactions fiom 2G to 12 pei cent This is 
diown m Table I, togcthci with the figuies diuiug a compaiahle peuod a deeade 
ago * The vntual elimination of pvrogciiic icactions bv meticulous caic in pie 
pann„ the blood tiansfusion appaiatus together with the picvention of majoi 
heniolvtic leactions bv impiovcments in blood tvpmg techniques, has seivcd to 
to the foie the othei class of icactions iiameh the minoi hemolvtit icac 
Lon.s u hich foian the subject of tliLs repoit 


If r I/., Rloo 1 Tran fusion Dl\i loo of the JewHh Hospital of Ilrookljn 

Laboratory of tlie Omce of tb Chief Medf ' “ ' ' ^ - 


nJ tlie Sero 

Medical Examiner New Vork V T 

Pre cute I at the TJilrl International Couffre s for Illood Transfu Ion in Turin Italy 10|S 
Htcci\cd for publIc<ttIon Feb ‘'a lOlS 

Vs will be seen from tlie Table I nt the pie nt tim tie bulk of the bloo4l u e 1 at Ih 
— '■ . - - - - Exchange Sank of N w 


J iLf U ,r oe seen from tlie Table 1 nt the pie ni iim u o oi 
Trui of Brooklyn Js obtained from tlio Bloo 1 nii 1 1 1 1 i 

,,o that this lnipro\ement Is to be crelltcl primarily to 


, ° uiot this lnipro\ement Is to be creiitci pninarny lo the nlinlniblo work of Dr 
^sier j Unter who Is director of Uiit blood bank which proxldcs many thousand units of 

“*00 l t\en mnnfW tho ^nillirr\ 
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i TFClIMQUh OF TKANSFUSIOB. I 

INUDENCL 0 > 


aOTAI 


UNMODUIFD 



FLACTIONS 


UMBEK 


BLOOD 

IKEbll 





OP 

BLOOD 

(SYRINOB, 

CITRATFD 

BANK 




TRANS 

USED 

valve) 

BLOOD 

BLOOD •! 



YLAR 

FUSIONS 

(units) 

NUMBFF 

OP TRVNSFl SIGNS 

MMBFI 

I IT CLM 


1030 37* 1,209 - 950 259 - Oj 
1938* 970 - 300 010 - 22 
1939* 1,213 - 207 940 


1945 

1,884 

2,121 

2 

4S1 

1,038 

t)b 

>() 

1940 

2,490 

2,970 

— 

581 

2,452 

50 

1 1 

1947 

3,872 

3,978 

- 

013 

3,305 

47 

1 ’ 


•These data are taken from the papei of Wiener A S 
and Samwick A A Transfusion Reactions experiences 
Tiansfusions Ain J Clin Path 11 102-lil 1941 
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With More Th in 3 000 BlooJ 


THE Rh-Hl BLOOD TAPES 

In eaily studies on human anti-Rli scia it ivas soon found that "j 
to the type coiiesponding to the oiigmal anti-ihesus seiuni (aou 
anti-Rho),-’ ® which gave 85 pei cent positive leactions on Caucasian ™ , 

othei -vaiieties of anti-Rh exist, namely anti-ih' (70 pei cent positne) 
anti-rh" (30 pei cent positive) The thiee anti-Rh seia e 

coiiesponding factois RIiq, ih', and ih" in human blood, 
give use to eight tjpes of blood instead of two, Rh positive an i nfio 



DESIGNATION 

01 TAPES* 

REACTIONS WITII SERA 

ANTI 

ih' 

ANTI 

ih" 

ANTI 

KK 

Eh„ 


_ 

+ 

Bhi 

+ 

- 

+ 

Rh 


+ 

+ 

Eh,Rh 

+ 

+ 

+ 


dlsigsatiox 
OP TAPES *_ 
rh 
iV 
rh" 
ih'rh" 


anti 

anti 

^ rh' 

__r\^ 

+ 



+ 

+ 

+ 


j-viu inti lwu xviiu ciua. -.-.i di " 

lailj Rh, IS short for Rhu and Rh,Rh is ihort foi RhoKOu 


1 I js tlie in®^ 

Factoi Rh„ IS wiitten with a capital lettei to indicate ni ],as a spy‘“' 

genie and theiefoie the most impoitant clinically, and a so jg coiifom' 

genetic position Pactois ih' and ih" aie wiitten with sma jj], 

Avith then lessei clinical impoitance and also to indicate gjmilai to hif 
factois aie on an etpial plain genetically and jp' alon^ 

agglutinogens A and B Thus, consideiing factois i ‘'"''j^gutlsteinei blooJ 
types of blood aie possible which aie analogous to ot fom 

gioups When factoi Rh„ is taken into account a dou i e the 

each lesults, as shown in Table II Thus any one w lo m 
blood gioups immediately masteis the eight Rh blood LaiidsteiiaT J'" 

To account toi the heiediW of the oiignial Rho j.;, 

Wienei^ postulated the existence of^a pan of gg^aiy to 

the discovery of the eight Rh tvTies, Wieiiei’® ^ ^ 
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1 \BLE in Eiciit Kh T\pes \\d Tiifip Twenty one Genotypes 


PIl BfOOD 

TVi ES 

YPl hOMil YTE 
HtCQtENtY 

IN N \ r 

( 7 ) 

lOSsmiE ClNOTYlbS 

lU 

ito 

rr 

ih 

1 j 

r r nml r r 

rli j 

Oo 

r r' and f r 

rh rh" 

0 01 

1 1 * 

]th 1 

25 

r«ro and r r 

Rh 1 

52 o 

/’ir i?ir /’I/’ ind rio 

Rh 

lo o 

I 2R R 2 r ^ 2 r F Fo md r Fo 

Rh Rh 1 

14 > 

1 ip2 P‘r '\nd r'Pa 


the CMbtcnce of a minimum of sin. allclu genes designatetl as A" I{^ R ) }' 
and r" respeetneU It ■will be noted that undei tins SYstem tlio notations foi 
oenes and genotypes aic diffeicnt fioin the notations foi the agglutinogens (oi 
fictors) and j)henot\pes so tliat jinbi^intj is UYoided In Table III an shown 
the „eiiot^pes coiiespondiiiQ to the eight pIunotYpes aecoidinc, to Wienei s 
thtoi} of multiple allelic genes The accmae\ of this tlieon has been established 
bj studies oil a large series of families as well as In stitistieal studits on the 
distribution of the Rh blood t\pes’°”* Foi c\ample in Table H is guen a 
siimmau of the authoi s studies^® caiiied out on a total ot tannlies with 
948 ehildien In these studies onl\ two seemiiv c\ceptions to the theon wen 
encountei'cd and botli ot tliese were pio\cd to be due to illef,itimac\ 


TAI3LF SlM^tAK^ OF Al TllOKS IaMILY ^Tl PIES TO DVTB 


JXITJNO 

nwmber 

OF 1 
f AMlLIES 


M UHER Of 

( IIILDKEV OP r\ PFS 


TOT VI 

rli 1 

Kh , 

Rh 

Kh Rh 

Hh 

r)j 

r)] 

rli x rh 

12 

2,1 

0 1 

0 

0 

0 

0 

0 

2r 

rli y Kli 

1 100 

11 

221 

0 

0 

30 


0 

2‘in 

rh X Rii 

44 

-5 1 

0 

52 

0 

1 

0 

0 

s 

rh X Hh Rli 

01 

(1) 1 
1 

,5 

A 

0 

0 

0 

0 

10- 

rh X Hh 

7 

0 

0 

0 ■ 

‘) 

0 

0 

12 

rh X ih 

1 

1 

0 

<t) 

0 1 

n 

J 

0 1 

4 

rh X rh 

o 

o 

0 

0 1 

0 1 

n 

0 

“5 i 

7 

Rti X Rli 

7^ 

10 

124 

0 

0 

5 

1 

0 

140 

Hh, X Rh, 

17 

11 

2‘> 

u ' 

m 1 

1 

1 

(1 1 

-() 

Hh X Hh Rh 

48 

0 

<>0 

12 1 

i 

n 

(1 

0 

101 

Hh X Rli 

12 


10 

0 1 

0 

1 

0 

n 

IS 

Hh X Ih 

8 

1 ^ 


(1 

0 

0 ' 

) 

0 

Id 

Kill X rh 

G 

2 

s 

0 1 

1 

0 

d 

0 

s 

Hh, X Hh 


1 

0 


0 

0 

0 

a 

6 

Rh, X Hh H), 

! 14 

0 

f> 

1 

8 

0 

i ^ 

0 

_8 

Hh X Hh 


fl 

0 

, 1 

0 

4 

' n 

0 

7 

X rh 


1 

0 


) 

f) 

1 2 

n 

7 

Hh Hh X Hh Hh 

0 1 

0 

4 

1 2 

< 

0 

1 0 

0 

1- 

Hh Rh. X Hh 




1 i 

0 

0 

1 ^ 

0 


Hh Hh X rh 

2 1 



1 1 


0 

0 

' 0 

4 

Hh Hh X rh 



1 

1 0 

1 

0 

0 

1 0 

2 

hh X Rh I 


n 

() 

1 ^ 

0 

1 

0 

0 

1 

Hh X III 

1 

n 

0 

' n 

0 

1 

1 

0 

2 

, 

)J5 

1 1 

510 

I'll 

<8 

41 

1 1 


048 


1 n, , 7 ^^ “'iWNc bavse n multiple uU I » anl c >mpl t ij link 1 tencs « i ^ ^u^el i 
ru'h. ‘SO b\ tlio wilter anti others In rclitlon to the here the Y b O sroup 

S S Bloo I Groups ana Traiisfu Ion cd Sprlncflcll III IfllT 9 S'* 

In The 1 iiMl h school ha\o now r \l\t I thl llscu Ion In relation t> th 

“> nr tNpes 
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LeAme®® and Javeit’^ deinonstiated tliat Eh-negatm blood specimens loii 
tain a special agglutinogen designated Hi by them because of its appareiitli 
lecipiocal lelation to Eli Eaee and Tayloi^" independently discoieied an ae 
glutinogen ivliich they called St, and showed that St Mas lelated to ili'asMs 
1 elated to N Wienei and co-Avoikeis^® have pioved that Hi and St aic identiial 
so that the designation St has been abandoned Since the Hi antigen fint fomul 
Mas shoMTi by Levine and Fisliei to be lecipiocaUv lelated to ih', Wiener' su» 
gested that it be designated as hi ' As Pishei"'' pointed out, tlieoieticalli tlir« 
Hi factois aie possible, coiiespondiiig to the thiee Eh factors Actually Iir” 
has been found' b^’' ilomant,''® but eonviiicing evidence legaidiiig the existcmc 
of Hio has not Amt been published t 

Sensitization to the Hi faetois can cause clinical eompheatioiis similar Ic 
those piodiiced Iia^ Eh sensitization, namely intiagioiip heniohtic tiansfuswi 
leaetions and eiA'thioblastosis fetalis Howevei, the Hi factois aie far Ics 
antigenic than the Eh laetois, so that siicli cases aie qiute laie Foi tliesinii 
leasoii, Hi antiseia aie iiiiieh moie difficult to piocuie than Eh antisera, and h 
date attempts to imnmnize Hi-negatiA'e donois in oidei to pioducesuehantisor! 
have met Mitli little oi no success Yet Hi antiseia aie necessaii to lesoo 
cluneal pioblems caused bi sensitization to factois othei than Eh, and foi l ' 
selection of Hi-iiegatne donois to be used foi tiaiisfnsnig patients sensito i 


Tablf A’ Tiif Ell Hi Biooi) Iapis wd Thlik Corkesuimunc Gfnotius^ 


Eh BIOOD 

RbACTIOV ■\\irir SFRUM 

Rh 

TA PFSt 

AXTI hi' 

ANTI hr" 

SUBTAl FSt 

ih 

> 


rh 

rh'! 

+ 


r h'rh' 
rlr'ih 

ih" \ 



ih"ih" 

ih ^ 


+ 

rh"rli 

ih'rlt" 



rh'rh" 

Rh, 

* 


Eh„ 

Eh, j 



Eh, Eh, 



* 

Rh,rli 

Eh 1 

* 


Eh Eh 


+ 

Eh rh 

Rh.Rh 

TrS* 


Rh,Rli 


II 

I'l' 
x't 

r"r" 
t"i 

jlollo mil t’”r 
jfiBi aii'l 
Tfir, 

jl-Il- nml ^ 
rrr, ‘‘ 

‘Tests which neeil not be mule because the > muals carO ing 

ibly positne except for ti pes ih'ih" and RhiRh in Uie case ot there 

>,enes ri aucl i?*= Should these tests be done and x tc. 

an erior m technique and the entire examination should be lep indica^. " 

tThese are phenotjpes and the s>mbols ha\e example 

ha\e actuallj been done and what leactions weie obtained -r .v+j other l^Y 

that tests ha\e been made onh with seia anti-ih' antl-rh ‘"'d aptl ih" *iin niU' 
obtained with antl-rh' and anti-Rho and a negatUe reaction with a jin' serum 

tjpe RhiRhi indicates tjpe Rhi blood which also has been tested 


APPROi.lM tTE 
FREQUENCV 
IN X A C 

(7c) 


13 0 

01 
1 0 

005 
0 5 

01 
2 0 

20 0 
34 0 

30 
12 0 

14 5 


pOSSIBLEtmWlHS- 


it gives a negathe reaction 


and 


1 al-u ^ 

•A second example of anti-bi ' has lecentlj bien tounu d-* li'lier" U 


found b> Aimnei 

tThe theoretical reactions of anti-Hr» seia hue byen presents ha'r , 

the wiitei-^ in pievious papeis Thei are not included , sera ur® At rV Jr m 
writer has never encountered an anti-Hro serum "“L Davenport J 

found bv others (Habenrran S Hill J M Everist B M on 
111 pi ess) 
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Us‘) 

one of the Hi faetoi's Anothei jinpojtaiit application of the Hr intisera js ioi 
a presumptne test foi lieteio 2 \gosjt> oi homozvgositj ot Rhposztne Imsbands 
of Rh negative prospectue niotheis who aie known to lu scnsitizifi to the Rh 
factor StiU another application is in disputed pateimt\ cases since the Rh Hi 
tests consulenblj increast the chant cs of evciuding a iaisch accused man 

Aftti a blood sample has been dassided into one ot the eight Rh blood t\pts 
with the aid of the tiuee Rh antisei 1 anti ih' anti rh and anti Rh ifindjcitcd 
the blood can be suhtjped with tin. aid of anti Hi sera The Hi tests au doin 
after the Rh tests in ordei to a\oid unneceasarv Hi testing so as to consene tiu 
rare and ^aU^ahie Hi antisera Thus onU Wood i>t t%pes Rh, and rh need I» 
tested with anti hr' serum and snmiaih onli Idood of t\ pes Rii and ih mtd 
be tested with anti hr" seium Other combinations unifomiK positue 

rcictions, as slioivn m Table V bailing blood fiom the lau itdnuhnU who 
cini ^enes and R 

The Rh Hi suhti pes are designated as tolluws 

Rhi hi - IS called Rh,Rh, 

Rhilu''+ is called Rlnih 
ih hr'- IS called rliTh 
ih' hi'+ IS called jJi'ih 

Snniiailj 

Rh hi - 13 called RlijRh 
Rhg hr"+ is called Rh ih 
ih hr"~ IS called rh ih 
rh" ih '+ IS called ih ih 

It must be emphasized that these designations ictei to phaiotijpcs not 
i/enoti/pfs Thus coriesponding to phenotipc Rh,Rhi twogenotipes nnd 
Rh-' ait thcoreticall) possible while eoiresponding to phenot\pe Rlnrh thi-cc 
genotjpes, R^r, R^RP, and r^R°^ are possible Of these fi\e guiotipes R'h' and 
RV are b> far the most common and it will be seen that this is the Insis foi tin 
wlectiou of the phenot>T)e names naniel> to indicate the most hkeh ,^enot\^K 
It IS 111 this sense that anti hr' scrum can he used to deteiniim the p)ohahlf ^ono 
type of type Rh^ iiidniduals and anti hi-' scrum to dekimine the ptohahlc 
toCnohpe of tj'pe Rhj mduiduaJs 

Fiom the foregoing it should be evident as has licen pointed out b\ Wienci 
thst the Hi factois hold a serologic and »,cnctic position in the sclieino ol tin 
Rh Hr blood tjpes analogous to that of the O factoi m the less tompliciud 
■’cht.mc of the Landsteinei ABO gloup^ Just as the 0 futoi is In fn the 
k'lst antigenic among the A P 0 factoi-s siniilailj the two Hi factoi-s ire fsi 
less antigcmc that the thue (oi four*) Rh factoi-s In this (.onnccfion it ma\ 
Ih, mentioned that climeal sensitization to the O factor has occurred produenv 
Ill’ll enihioblastosis tntiieh compnahlc to vises of cn thiohlastosis ciuscd In 

''pnsjtjzation * 

P ,, Tho acUtenco of i fourth Kh factor rh ^ was picdlclttl b> Wiener*" inJ confirnu I h 
“"'•n I r an l Rice who Icslgnatca It 
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MATERIALS VND METHODS 

The cabes forming the b ibis of this study were derived pnncipallj from tlieBlonJTnr 
fusion Division of the Je\i isli Hospital of Brooklyn, though a number of oa^e* from oiKr 
institutions were also included Before every trinsfusion 10 c l of blood were obtimod fro 
the patient bj venepuncture, one of which were mixed with dried oxalate ponder, as f 
the Wintrobe Landsberg sediment ition test, and used for the grouping, Bli, and tro « raaleiu ” 
tests, while 5 c c were plated in a dry clean tube and kept in the refrigerator for future rrftr 
ence If any patient had a thill or other signs of reaction during or after the tnrsfusot ’ 
second sample of blood was obtained without delaj The group and Kli type of the patieat' 
and donor’s blood specimens weie verified, and the depth of color of the patant'b ^rura (i 
plasma) was compared with tint of the pretransfusion sample All glassware, svrinj,cr, a1 
needles for these studies weie sterilized in the hot air oven in order to avoid heiiiolvi-i f 
to moisture, and care was taken also when separating the clots to ivoid artefaoL oau'oUr 
trauma to the clot If the findings verified the original grouping and Eh report, and if t tir 
was no significant change in the coloi of the patient’s plisiiia, the reaction waa usuilh inttr 
pieted as pjrogenic and no contraindic ition was ordinanlv considered 
transfusions * In cases where the posttransfusion plasm i was deiinitel) darker t an 
piretransfusion sample, further studies were carried out to detect the possible prc'-enceo 
group incompatibilities of an unusual type not provided against by the routine pre ran 
tests 

For simplicity in analyzing the results, the presentation will be 
analysis of the gi oups, M N tj pes and Bli Hr tj pes of patients having reactions o 
togethei with some brief clinical ditv conceniing the reactions, and the re'U s 
11 regular isoantibodies in the pitients’ sei i 


RESULTS 

111 Table VI aie listed tluity-two cases of 
In Cases 1 to 22 tlieie was some clinical evidence of posttians usion 
w hile in Cases 23 to 32 thei e ivas no evidence of hemoh sis ^ 

It mil be seen that the distiibution of the A-B 0 the 

tnies among the patients did not diffei significantly fioin tia ocei 
geueial population On the othei hand, while the distiibution o 
among the contiol cases (Cases 23 to 32) did not seem Oucfiih 

among the patients who had hemolytic leactions deviated stii m the 

not help hut be impiessed by the laige piopoition ot Hi-nega ne 
senes — fourteen EhiEhi and thiee EhaElis out of twentj "o^^^ 
lesults suggest that sensitization to the Hi factom, hi am 


plax ed a lole in mauv of the leactions ntibodiev la 

Attempts to demonstiate the piesence of iiiegulai Hi this serxs 

seia of the Hr-negative patients failed in all but thzee of t le antil)®''^ 

In a touith case (Case 14) which has been lepoited elsew jbout B 

was found but instead a dilfeient iiiegulai isoantibody dcser’B'' 

pel cent of all Caucasian blood and not conespondmg ,jtil)odies, >■> 

antibodv t Ot the thiee cases showing the piesence of tlie thud 

(Cases 21 and 22) the specificitv coiiesponded to hi , wii a ^ 

*If anj of the blood used for tiansfusion was left m I" ,r 

cultures were made for the possible piesence of ‘,>rles . o rpe riay' n 

contamination proved to be the cause of leactions in oui »e ited tl'A u fc j, 

tA simple of this seiuni was sent to Dr A B original ''ep'irt j 

corresponding to his own so-called Kell seiaim Since >n “> j4 per ce l,e j 

the seiuin was said to give onlj 7 pei cent reactimis m antigen 

us with anti Si serum nioie woik must be done betoie 
to be identicai 
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A second transfusion, this time of dOO c c of group A, Eh negative hlood, was givea Noi "i' 
1947, and this i\as followed by a severe chill A blood count done on Hov 14, 19b, kwel 
a hemoglobin concentration of 9 5 Giii per 100 c c , E B C , 3 30 million per cubic milhmctei, 
WBC, 14,100 per cubic millimeter, poljmoiphouucle us, 76 (six band forms), Inupliixilt-, 
23, and nionocjtes, 1 A lepeat blood count of Dec 10, 1947, slioned a bcmoglobm cooctj 
nation of 10 Gm per 100 c c , E B C , 3 70 million, WBC, 7,600, polymorphonuclen , ') 
(four bind forms) , lymphocytes, 25, monocytes, 5 

Our oi\n studies on the piticiit’s blood showed her to belong to group Mi, 'iiltgiw,i 
A,B, tape MN, and type Eh,Ehi Since the patient was B-i negatiie (or more cMcth.b' 
negative), this suggested that the irieguUr antibody in the serum might be au umlir 
agglutinin In fact, titrations of the patient’s serum at body temperature proud ihat 
powmrtul iiiti hi' agglutinin was present, the titer of the serum for homozy gous hr’ po dm 
blood (for example type ih) being approximately 250 units, while the titer for hilety 
zigous hi' positive blood (for example tape Eh,rh) w'as about half as high 
serum exhibited a tendency' to clump most if not all blood specimens of type K i iiP“ 
ticulaily when the mixtures were allowed to tool Titrations at refrigerator tempera 
showed that this was due to the presence of a strong autoagglutinin This in e k 
antibody could be removed by repeated ibsorptions with IJTS E'hRbi of an\ ) oo g 
and in that wav it was possible to obtain a satisfactory anti hr reagent 
Eh, and tape rli' individuals Some of the tests indicated the 
thud abnormal antibody in the patient’s serum, and, while this antibody was ^ 
caiefully, in vievy ot the patient’s subgroup (A,B) the likelihood is la i s 
was anti 0 

C\SE 22 — An intern at a hospital in New ^Tork City consulted us coucer g 

lowing transfusion pioblem eomvbiatioi-' 

The patient a woman, was sud to have peimcious anemia wi tnnsfu eil 
The piegnauey history was not known, but the patient was said to have een 
times approximately a year pieviously On admission to the hospi a y OB. 

patient’s condition was eiitical, the blood hiving a hemoglobin ™ oa lb' 

per cent, with E B C 11 million per cubic millimeter and 0 4 per ceii ^ idood ml 
smear The patient was given an immediate transfusion of a total o Pemoglobm 

placed on liver therapv A blood count of November 10 showe a ^ jgUtulotTtv 
centration had risen to S Gm per cent, with E B C 2 4 million ani ^ pircfni 

on the smear By November 12 the hemoglobin coucentr ition ha ® ^ giu kuicir, 

wath EBC 148 million, though there were now 4 8 per cent retie oe^ ^ liemoglobii 
this tune the icterus index w is found to be 32 units By * of 1 0 

concentration had dropped to only 4 Gm per cent with a red h oo trau'fu “ 

while the icteius index rose to 75 units The patient was then .jf^ntivisikuadl 

500 c c of blood, this time without anv reaction Tlie following D 
y lundiced and blood w as referred to us for study 

In the blood typing tests the following leactions were obtained 


KEACTIONS vvml VNTISEKA OF SPECIFICITY 


10 


^ St pe 

These results indicated that the pitieut belonged to S''®®P ^ probahlj 

that her body also contained some group B, ty pe MN, ty po g„tertam the ‘ 

mg from the transfusion received the day befoie Pus ei ei 

hat a developing sensitization to the hr' factor was * the 

Prom the patient’s body of the 1,500 cc of blood she la irreguD’' 

Examination of the patient’s serum did reveal the presen 
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moat uctuo ut boil^ temperature, ulutU did not clump litr owu blood cells or blood from 
other type Ith,Rh, indiMduals of groups B and O conlirmuig the i)rediction that alio was 
senaitized to the hr' factor Tho hr' agglutimn waa weak houc\er so that while blood 
specimens homozygous for tho hr' factor, for example, t^pes rh and Rh were clumped up 
to dilution 1 4, blood heterozygous for the hr factor for example types Eh.rli and Eh Rh, 
tvas not clumped or only feebh clumped The low titer of the hr antibody explained tho 
continued presence :n tho patient a circulation of some of the tipe RhjRh blood recLued 
by transfusion the day before 

In Mew of these findings it was adMsed that for further tr insfu'sions to this patient 
only hr negative (type Rh Rh,) group B blood be u td Unfortunately tlie patient died 
before another transfusion could be given 

The eases listed m Table VI, and cspeclall^ the tivo eases just descubed 
demonstiate that Hi seusitizatiou may pose a seiious pioblem wlieie patients 
require lepeated tiansfusious ovei a long penod of time As has been demon 
strated elsewheie,^® ■* the ivide spacing of the tiansfusions is piobabh tin. most 
miportaiit faetoi in the deiclopment of isosensitization Foi cMinph ti\o oi 
more ti'aiisfusions spaced uidely apait as m the cases just descubed ait mucli 
hioie likely to induce sensitization than a laige stiies of ti anstusions gi\en ttitli 
iir a slioit peiiod of time In fact this principle lias been applied succossfulh 
in the pzoduction of anti Rh seia of speeificitiei) Rh^ ih' and ih" thoui^li \^e 
ia\e not yet succeeded in piodueing anti Hi scia m tins manner Tmo ol oiu 
tjpe ill donoi-s,^® both of group AB type N formed agglutinins of speclfltlt^ 
aiitiH as \\ell as antibodies of specificities Rh<j and ih" -when injected ^\ith 
JuRHjRh blood These obsenations lead one to draw ceitum analogies 
between the thiee systems of blood gioup and t\T)e antigens as shown in Table \ II 


TaHLE \LOQIES IMONQ A B O M N \N 0 Rh Hr SVSTElI Oi Antigevs 


SiSTEif 


MAJOR ACGLUTlSOGENS 
(STRONGU ANTIGENIC) 


MINOR AGGLUTINOGLNS 
(WEAKL\ WTIGEMC) 


ABO A B C t A o (A )t 

Mhi M N 

Eh Hr jPi, rli rli liU hr $ 


For simplicity tlie rarer types V* AI Js onU so on are not incluaed In this table 
common antigen shared by blool containing agglutinogen V or B or both 
♦The antigen shaied by agglutinogens O and V but absent from agglutinogens 1 and B 
liua nnf c\ lienee concerning the existence of the tlicoretically jw ible antigen Hr 

® not yet been published 


Recently we weie consulted concerning a case which offcied an unusual 
problem of luteiest in connection with the subject undei discussion The patient 
''as a boy requiimg lepeated tiansfiisions o\ei a peiiod of years, and we weic 
■lAcd foz adxuce m the selection of donors Jn order to a\ oid if possible the 
^'elopment of isosensitization Gionping and Rh Hr tests on tins patient and 
Ibe paieiits ga\e the results shown m Tible VIII As can be seen tins patient 
offered a problem piactically impossible to sohe Since he belonged to type rh, 
■s blood lacked the RIIq agglutinogen and so he had to be tncu Rh negative 
blood At the same time, he was liF negatue and it was dcsiiable also to avoid 
possibility of Hi sensitization Unfoitunately the only ty pe of blood whieh 
both Rho negatne and hF negative is blood of the rare type rli'rh' identical 
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Table Tin 


BLOOD OP j 

GBOm 

1 

SI V THE 

[ Rii Hr TlfE 

1 PHfc,NOTVFE 1 

GE\0TV'f’E 

Father of patient 

A, 

N 

RhjHti, 

r'fii 

Mother of patient 

A, 

MN 

Eh,R!i, 

Eir* 

Patient 

A, 

N 

rh'rli' 

r'r' 


With the patient’s blood and with an incidence of only 1 in about 10,000 la 
dividuals In addition, the patient belonged to tjTie N, wlucli has a irequcsa 
of 20 pel cent, so that a completely compatible donoi, even using group 0 dear 
would occur only once among about 50,000 individuals In this case, tliereior?, 
w e had to be content to take into account only the most antigenic of the tliw 
factois Eho, hr', and M, and so oidmaiy'' type ih donoi-s of gioiip A isere isd 
Incidentally, the case offers an interesting example of the genetics of the lih i 
types as shown in Table VIII 

COJiaiENT 

Oui attention was firet called to the possibihty of hemolyOe 
leactions cansed by isosensitization to the Hi factoi by a patient seen m 
In this case, lepoxted by Speck and Sonn,'*'* the patient, wlioheonge o 
KhiEhi and gioxip AB, had a hemolytic leaction dtumg a ' y 

fusion of tJTpe ih, gioup AB blood Howevei, as in most of the 
in this papei, abnoimal isoantibodies weie not cleaily 
patient’s sexum Moie leeently Sussman'*® has lepoited a case 
tion by tiansfusion in which the patient’s seium contained strong 
which, howevei, weie denionstiable only by the conglutination tee niq 

In view of oui findings it is neeessaiy foi all spr®^ 

of transfusions, especially to patients lequuing lepeated 
o\ei a long peiiod of time, to have available not only type ^ 

EhiRhi and type RhaEhs donors, at least of gioup 0, foi tests 

patients Fox the present it is still not piacticable to cany m 
patients lequiiing tiansfnsions fox selecting donois Since ^ tests- 
only pooily antigenic, we oidinaiily disiegaid them in t factors, 
Only when a patient has had a leaetion do we test foi * ® piecaati® 

such a patient is found to belong to type EhiElu oi type : yg 

IS taken to use only Hr-negative donois foi futuie tians pietraado-'"''’ 
evei, the tests should eventually become pait of * ® 
selection of donors, not only to prevent leactions but also o g^ythioWast'^' 
especially of women who might subsequently have elid ren iv 
caused by Hi sensitization 

‘ SUMMiVKY 

The introduction of lontine Eh testing along uutli 
a basis of the selection of donois foi tiansfusions j^as beea “ , 

dangei of seiious hemolytic leactions Simultaneous y perfedi'’'" 

tion in the fiequeney of posttiansfusion chills, as a ^^^.^g^gfusion 
methods of eliminating pyiogenic niateiials Horn boo .j^ns dropped 
Thus at the author's institution the fiequeney of ® ^ 
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7 9 pel cent m 1936 to 2 9 pei cent in 1939 and to only 1 2 per cent b> 1947 
The virtual elimination of pyiogenie reactions has ser\ed to imkc more promi 
nent another class of hemolj tic reactions usually only of minoi seventy, occui 
ring in Eh positive patients becoming sensitized bj repeated tiansfusions guen 
o\er a long period of time 

In a series of twenty thiec Eh positi\e patients having febiile leactions and 
at tlie same time shm\ing evidence of posttrausfusion hemoljsis as manj as 
seienteen ueie III negative (fouitecn RhiRhi and thiee type Rh Rh ) while 
among ten patients with febrile reactions but without evidence of hemolj sis none 
were Hr uegatue Tins indicates that Hi sensitization plays a predominant 
role as a cause of hemoljtic reactions in Rh positive patients Hi antibodies 
ivere cleaily dcmonstiable m the sera of only thieo (ti\o anti hi-' and one anti 
hr' ) of the seventeen piesumablj sensitized patients Tins indicates tliat Hi 
sensitization, when it occurs at all, is usually mild in degree This confoims 
with the usual mild couise of reactions caused bv Hi sensitization in that sucli 
reactions aie usually so Iiaimless that they are passed off as oidnnij pMogonic 
reactions Howeier, that such reactions maj sometimes endangei the life of 
the patient is demonstiated bj the fact that one of the thiee patients with 
demonstrable antibodies died 

"While routine pretraiisfusioii Hi typing is still not practicable one should 
at least investigate e\ ei*} febrile reaction for evidence of liemol} sis If hemoh sis 
has occurred even though the patient is Rh positive Hr tests should be dom 
aud if the patient is found to be Hr negati\c on!^ Hi negatnc blood of a com 
patihle blood group should bo used for future tiansfusions If Rhnegatne 
patients have reactions despite transfusions of rh blood, one should seaich 
for other sensitizations particularly against the M factor Particularly difficult 
to solve ivill be instances of multiple sensitization one of the most common 
examples of whicli in the author’s expeiience is double sensitization to factois 
Eh and 11 

Eventuall} blood transfusion piacticc should include suitable piccautions 
to aioid sensitization against the Hr factois as well xs the Rh factors partic 
ularly in the case of women in older to avoid the birth of babies with cl^tluo 
hlastosis caused by Hi sensitization 
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INFECTIOUS HEPATITIS INADVERTENTLY TRANSfflTTED 
WITH THERAPEUTIC 3HALARIA 


Captain Martin H Smith and Captain James W H \ll 
Medical Corps, Arjiy of the United States 

A cute hepatitis lesultmg fiom the tiansmissioii of an icteiogenie agent m 
blood and blood pioducts has been desciibed fiequently in lecent \ear 
The pnipose of this papei is to caU attention to a paiticulai mode of traib 
mission It has been recognized that an icteiogenie agent imglit possibh be 
tiansfeiied when patients aie inoculated with theiapeutic malaria Homier 
the hazaid has not leceived sufficient emphasis to cause suitable piecautions to 
be taken in many hospitals using this type of fever theiapy The menace a 
particularly great since the usual effoits to perpetuate a strain of malanaabo 
mean serial tiansmission of the icteiogenie agent 

The* icteiogenie agent has been shoivn to be a virus ■ Havens’*’ has piesenlcti 
evidence that the leterogenie agents of infectious hepatitis and homologous setura 
jaundice aie different viiuses He bases his aigiunent primarily on the fact that 
the incubation period of the fomei is 15 to 34 days and of the lattei, 58 to 13 
days In 1943 Beeson’- lepoited seven cases of jaundice occuning one to four 
months following tiansfusions Othei authors® have leported a mean incubatwu 
peiiod 111 homologous seiuni jaundice of 100 1 days Accoidiiig to the entena 
of Havens, the eases to be piesented in this paper would be classified asmfec lous 
hepatitis lathei than homologous seium jaundice The most ° 

infection have been contaminated lots of yellow fever vaceme,**’ “ 
ma,® ® and mumps convalescent plasma ® In 1947 Ohalmei’s® repoite 
patients who had been given theiapeutic malaria Of this group, thiitj six 
developed jaundice and evidence of liver damage He felt that 
suggestive of the tiansfei of an icteiogenie agent at the time of mouu a 
malaria In Chalmeis’ senes nmety-nm'e patients were mosquito moc 
none of them developed jaundice , 

We shall describe in this papei six patients who received seiia 
of the same stiaiii of quartan malaria and subsequently de\ elope 
dice and marked evidence of hepatocellular damage These cases jjj au 

when one of the convalescing patients was received by one of t e a 
intiahospital tiansfei , consequently, full study of these patients (he 

only after they had begun the clmical recovery phase For ^ phase 
laboratory data that might be desired weie not obtained dunng (pejtnient 
of the iHness The patients had been given malarial fevei laugufi fr*’® 

of central neivous system syphilis They weie all men whose ag 
29 to 51 years, and aU weienonsideied good iisks for fever t eiap} ^ 

Published with the permission of the Chief Medical Director opinio"^ 

and Surgerj Veterans Administration Tiho assumes no responsioim-J 
oi conclusions draivn by the authors 
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Prior to inoculation tlieie i\as no clinical cMdeiice of luei disease, and no liepa 
toxic drugs -ncre given during liospitalization The incubation period in tins 
series ranged from 20 to 43 dajs, ivith an average of 32 5 dajs The estimated 
mcubatiou period in some mstanees is probably longer than the actual period 
smee the patients rarely expressed anj subjective symptoms 2 he sequence of, 
and the tune interval between, the inoculations will be stiessed in the ease lepoits 
The results of the bromsulfalein tests ivcic obtained by using the 5 mg pel 
kilogram dose The standard technique for inoculation with malain at this 
hospital has been to give 5 ce of donor blood intra\ enouslj and See iiitia 
muscularly 

REPORT OP CASES 

CvBB 1- — Tins patient (P W) ^\a3 probabl> the original source of the vnus m tin 
^rics All persons ^ho had received this strain of malari'i previou'^lj sliowcd no evidenoe of 
infectious hepatitis The ai-\ subsequent patients inoculated did develop marked e\idcnce of 
infectious hepatitis In later questioning P W admitted that two vcais earlier ui tiie 'aoutli 
Pacific 'ieveral of his tent mates had developed jaundice and that lie had had an cpi ode of 
malaise with vague abdominal distress He had had no further svmptoms until tlie present 
illness Iho patient uas a 3ijoarold white man who was inoeuhted with mahria Mav o 
1947 His fever was terminated June 29, 1947, after fiftv two hour*? above 104 kt no 
time was jaundice noted nor were sjmptoma of hepatitis present During the course of fever 
tlio red blood cell count fell from 5,210,000 to 4100 000 per cubic millimeter The ccpliahu 
flocculation test 139 days after inoculation was positive plus 4 after twmtj four hours and 
on the same date the bromsulfalein test showed 9 a per cent retention after thirtv minute^ 
The patient has continued free of any hepatic sjmptoms 


CvSE 2"^ I, a 41 year old wlute man vras inoculated May 1C, 1947 with blood from 
P W (Case 1) The patient complained of malaiso and nnorcua fort) one dajs after inoculo 
tion, and on July 5, 1947_, jaundice and symptoms of hepatitis had become so severe that the 
malaria was terminated During the course of fover the red blood cell count fell from 
5400 000 to 3 230,000 A leucopenia did not develop On the forty eighth daj following 
inoculation the icterus index was 100 units and serum protein uas 8 25 Gm per 100 cc with 
albumin 3 45 Gm per 100 c c and globulin 4 8 Gm per 100 cubic centimeters The temper i 
ture curve did not fall to tho base line between the spikes of fever and after the malaria was 
terminated a low grade temperature elevation continued for twenty dajs 


Case 3- — F S, a 40 jear old wlutc man was inoculated with malaria on July 2 194/, 
■'Tith blood from J I (Case 2) Ho complained of nausea and vomiting sovenfem ila>a after 
inoculation, and two dajs later marked jaundice appeared ■kbdommal puin was present and 
there was tenderness at the right costal margin though tho liver could not be palpated His 
ft-vep was terminated twentj six days after inoculation The red blood cell count did not fall 
ilunng the fever therapj possiblj because of dehydration Between spikes of fever due to 
nialana the temperature curve did not return to tho ba*»e line The icterus indev twentv one 
after inoculation was 90 units ut seventy seven days 15 9 unit'^ and at 10*^ days 13 
umts The cephalin flocculation test seventy seven days after inoculation was positive plus 4 
tlie end of twen^ four hours nnd tJurty days later had liecomo negative The brom ulfalein 
twt eighty five days after inoculation sliowed 37 per cent retention at the end of thirty 

minutes 


Case 4-— W B a 51 year old white roan was inoculated with malana on July 29 194/ 
"dll blood from F & (Case 3) Jaundice appcircd tliirtv eij,Iit d ivs after inoculutioii nn/l 
termination of fever was begun The patient bad twenty six hours of fever above 104 Tho 
red blood cell count of 4 SSO 000 and hemoglobin of 13 2 Gm fell during fever to 
*^00 000 and 9 2 Qm respectively The white blood cell count was ncvi-r above 7 000 nor 
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below 5j400 The bromsullalem test ninety four dajs if ter inoculation shoneQ thirti pertral 
retention at the end of thirty minutes Seventy live days after inoculation the icterus in.'a 
was 9 6 umts and the cephalin flocculation nas positive plus 4 after tuenti four hour ti 
111 days after inoculation cephalin flocculation was still positive plus four after twentvfuj 
hours 


Case 5 — C H , a 39 year old white man, was inoculated with malaria on July 29, l'‘l( 
with blood taken from F S (Case 3) Jaundice appeared forty three days after inotuhtiru 
and was accompanied by severe abdominal pain, eructation, nausea, and lomitmg Tlw 
symptoms ivere so severe that termination of malaria was necessary forty eight days afit 
inoculation During this illness the red blood cell count fell from 4,550,000 to 3,o30,000, ml 
the hemoglobin from 13 2 to 10 6 grams A leucopema did not develop la this patient Be! 
rest was required for three weeks after malaria was terminated The bromsulfalem fe-' 
show ed 25 per cent retention at thirty minutes seventy three days after inoculation Senutv 
five days after inoculation the icterus index was still 16 7 units and cephalin flocculation uuj 
positive plus 4 after twenty four hours 

Case 6 — K T , a 34 year old wlute man, was inoculated with malaria from P S {Ca-c3) 
on July 29, 1947 Jaundice appeared twenty seven days after moculation, and the puhtut 
appeared acutely ill w ith sustamed fever and gastrointestinal distress The fever did not fall 
below 101° between the malaria spikes Malaria was terminated tlurty days after inoculahon. 
At the peak of the acute illness, the previously normal red blood cell count and heniogloba 
fell to 3,590,000 and 13 2 Gm respectively The white blood cell count fell to 3,S00 
three days after inoculation the cephalin flocculation was positive plus 4 at the end of tiventv 
four hours Sixty six days after inoculation the biomsulfalein test showed 29 o per cen 
retention at the end of thirty minutes, and cephalin flocculation was positive plus 2 ut f 
end of foity eight hours Cephalin flocculation was negative after fortv eight hours lb 
after inoculation 

Case 7 — "KV S , a 43 year old white man, was inoculated with malaria ^ 

5) on Sept 5, 1947 Jaundice appeared twenty seven days after moculation an t 

complained of abdominal pain, anorexia, nausea, and vomiting Tlie fever curve rai 

below 100° between the malaria spikes A tender liver edge was palpated 3 cm ® .jjj 

costal margin Termination of malaria was necessary thirty one days after mocua^ g^fore 

patient had a long convalescence with contmuation of gastromtestmal p, J 

inoculation with malaria the red blood cell count was 5,210,000 and the tie 

grams Durmg the acute phase of illness the red blood cell count fell few' 

hemoglobin to 10 6 grams The white blood cell count remained normal A 
continued for three weeks after termmation of malaria Thirty five days a 
there was 39 per cent bromsulfalem retention after tlurty minutes po ita* 

inoculation the icterus index w as still 14 3 units The cephalin flocculation 
plus 2 at forty eight hours, seventy one days after inoculation 


COMMENT 


The cons,eeutive development m these patients of evidence of the 

followed seiial inoculation with malaiia is 

findings could have been caused by a viiulent stiam of malaiia other 

Howevei, this same stiain of malaiia had been used on a gi^^ logical 

individuals in this hospital without such ill effects It is felt tna 
explanation is that an icteiogeme agent was tiansferied at t e y,oubat'®“ 
tion with malaiia Accoidmg to Havens’ classification, t ie 
peiiod in this senes is moie compatible ivith infeetious therefor' 

homologous seium jaundice The tiansfer of an 
constitutes an additional hazard m malarial fever therapy 
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obvious danger to tlie patient this complication necessitates eailj teiminatioii 
of the fever The patient ^\ho cun be a souice of the icteroocnic aoCnt should 
not have his blood passed to the nevt piticnt, and ^vlU piobabh be a bad iisl 
for fevei theiapv with mnlaiia ns -well It would stem that the best uaj to 
avoid this hazard is to pcifoim Inci iimctioii tests loutmel) befoie lever theiapj 
IS begun 

SUMJI VR\ 

Si\ patients aic piescntcd who consecntivclj developed evidence of hepatitis 
following inoculation witli theiapcutic malaiia An additional patient is de 
scribed who piobabh stived as the orj^inal souicc of the ictcrogemc agent in 
this senes It is believed that infectious hepatitis was inadvei tenth transmitted 
with theiapcutic malaiia 
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STUDIES IN HODGKIN’S SYNDEOME 
VII Nitrogen jMustard Therapi 


Egbert P Zanes, Jr, MD,' Charles A Doan, MD,t and 
Herman A Hoster, jM D | 

CoLUiiBus, Ohio 

T he occiiiience of leiicopema in mdivitluals exiiosed to nitiogen mustard"!.' 

was leeogmzed duiiiig Woild Wai I ‘ It was not until Woild AVar II how 
evei that extensiNe studies conceining the cytotoxic piopeities of nitioi'ennub 
taid compounds weie nndei taken A specific affinity of the 6is and tns cliloro- 
ethyl) amines foi lapidh glowing and legeneiating tissue in geneial anda par 
ticulai siisceptibiliti’’ ol the hematopoietic and I3 mplioid s> steins to the ci totow 
action of these substances have been desciibed ’ ■ The tlieiapeiitie tiial 0 
methyl-Ins and tns nitiogen miistaid compounds in b niphoinatoiis and certain 
other neoplastic diseases followed Gilman and Phibps" and Rhoads have 
summaiized the histoiieal backgiound as well as the chemical, pliaraiaco ogn, 
and physiologic piopeities of this gioup of chemical agents 

Clinical studies using the tns and the Zus cliloioethyl) amines 
been earned on by a nuinbei of inyestigatois Patients vith ^ 

neoplasms excliisue of the hematologic dysciasias have been tieate 
compounds but lesiilts in most cases do not appeal to justify t eii coi^^^ 
use The most encouiaging lesults desciibed to date have been ° ® ^ 

Hodgkin’s disease It is geneially agieed, on the basis of pie 
lished data, that remissions Avhieh aie induced by this theiapi 
lasting 0 to 8 months, and that the clinical results ^EainoM' 

in many wais to those produced by" loentgen rays ' ^ ^jigupi 

restated an opinion shared by" many" investigators" that j]jat intro- 

y"isable in early" localized Hodgkin’s lesions and local gail) onJ 

gen mustard may be more effectwe 111 generalized Hodglun s 
late and in eases char actei ized by" seveie systemic intoxication^ amines lepod^*' 
The only" persistent systemic toxic eftect of Die d*nO‘'=''^ 

at so-called thei apeiitic dose levels is a moi e 01 less sever e topenia. ' 

to hematopoietic and ly"niphoid tissues Leiicopema, t comhtio"^ 

moderate anemia appear in a laige peiceiitage .“Ar:ro“e.ai w'l r:: 
A decrease in the numbei of formed elements in t P eontmuc= 

appaient thiee to four day"s after the beginnmg of t reycak^l 

approximately three yveeks Serial bone marrow blood findmi?’ 

sive destructiy"e hypoplasia consistent yvith the peiip 
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1 1 ‘fseueiation tal es place “ ‘ ' The hist cellulai elements 

to be depiessed aie the hmphoctes folloiicd m . ten dns b^ an absolute 
panleuLopeun iwtii i dceieise m the luimber of pole morplioiui. le u kiuucftcs 

Jesciibed 1 left sbiit m the h.nphocjtes 
ith the appcaiauee of abuoiunl toims Simdai cpialititue dmoninlities 
hate been noted m the monoette senes Both ttll ttpes letuiii to uonnal tnth 
m two 01 thite weeks The letitiiloct tes ot the peiiphei il blood iie 
■ educed duuug the fiist week to less than 01 pel cent iiid thrombo 
Cltopema detelops duiin, the thud week aftei treatment Ilowetei in 
spite ot this obvious and estensite dann„i to the bone inaiiow the it 
majoritj of patients ret ertpromptlj to a rel ititelt noimal hematolo^i. e<iiulib 
num withui a few weeU after theiapt depending on the degiee ot uormalitt 
0 tlie mariow befoie therapt was instituted Folic acid Peiitnuclcotidi non 
and TvJiole blood do not ameliorate the toxic effects piodiiced 

The present report is based on the treatment of thiitt one pitients with 
0 gkins disease with fortj foui courses of the uiethjlius (/3 chloioetht 1 1 
amine hydroehloiide In oteiy case the btopst diagnosis ot Hodgkin s disease 
was confirmed by two or moie pathologists befoie treatment was begun Two 
pa lents receued three nine leccived two and twentv reeened one couiNe ot 
erapj For the most part the choice of patients in this sines foIlo\^ed the 
n eria of ICarnofskj® m addition patients iveie selected who pi'osented e\i 
ence of local extensions of the disease and who had not responded to roentgen 
Serial peiipheial blood studies weie unde in all patients supplemented 
enever practicable b> sternal maiiow examinations The supriMtal staining 
ee nique was used in all diffeieatial blood cell estimations 

Each patient was given 0 1 mg of HN per 1 ilogram bodj weiglit for fi\e 
ajs with the exception of the se\en indmduals who weie gi\en a double dose 
consecutive dajs and a single dose on the thud da\ Each dose was 
th normal saline and injected immediatelv via the tube 

ough which normal saline was being administei ed lutraveuouslj to the pa 
lent Fioni 200 to 500 c c of saline wcie infused during each injection of IIJs 
lu evaluatmg the results obtained after nitrogen luustaid therajiv a remis 
Sion was defined as a decrease m uufavoiablc s\mptoms ascribed to the diseasL 
jin an objective regression of the disease as measured bj roentgenologic and 
leniatologic findings and physical examination 


RESULTS 

ti results IS presented m Table I The aierage i emission 

^jne ollowing HNs in this series was 2 8 iiioiiths The longest remissions were 
“Or, file and six months respectnelj Some of these cases are still in renus 
^lon at the time of writing Ten patients included m tins series hai e expired 
s remainder ha\ e been mamtained on subsequent courses of nitrogen imistard 
/or radiation therapj 

An anahsis of the results of treatment was made with speci il lefcrciice to 
e therapj used pievious to the initial course of mustard the specific indica 
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tions foi HNo, and the subsequent activity and tieatmeiit of the disease Tke 
case nunibeis used lefei to Table I The patients who obtained benefit from 
nitiogen inustaid theiapy weie diiided into foiii gioiips The hi'st gioup ib 
eludes one patient Avho had leceived no pievious theiapy ot au}" land (Ca';e23) 
and those patients who had pieviously evpeiienced lemissions following roent 
gen ladiation (Cases 2, 12, 16, 23, 24, and 25) Impioveiiieut was ohsened u 
all inembeis of this gioup aftei nitiogen nmstaid The second gionp (Cas' 
5, 8, 10, 20 and 30) includes patients ivith widelj dissemiiidtecl Hodgkin’s div 
ease manifest by seveie s;ystemic intoxication but no demousti able localized foo 
of activity Following tieatment with HNo lemissions occiiiied and later re 
euiiences of the disease weie localized and lesponded leadily to loeiitgenrai 
theiapj The thud gioup consists of patients (Cases 3, 7, 9, 11, H, 18,2^1 
and 31) who had leceived ladiation OA'ei localized aieas of activity without anr 
beneficial efiect and w'eie consideied to be loentgen lav lesistant These pa 
tients demonstiated significant cbnieal impiovenient aftei HNi therapy Tk 
foiiith gioupi IS lepiesented by tluee patients (Cases 4, 6, and 19) who did not 
iinpiove following loentgen theiapv and who also failed to improve after nitro- 
sen niustaid Subseepuent ladiation, howevei, produced i emissions in t w 
patients In the fiist thiee gioups mentioned clinical i emissions were o serv 
following a total of twenty -toui couises (55 pei cent) and in 
(65 pel cent) In summaiy, a total of twenty -three patients receive 
from nitrogen mustard theiapy eithei through an iniinediate 
diiectly, by an apparent i e-establishment of seiisitnitj to jjut 

three of the thiity-one patients in this senes (Cases 13, 26, and , 
return for follow-up studies aftei discharge fioiii the hospital, the twen ^ 
who obtained benefit following HN, theiapy lepiesent 82 per 
twenty-eight cases in which subsequent clinical and laboratory o 
could be made Five patients (Cases 1, 15, 17, 21, and 28) weie no 


by HN 2 and subsequently expired tioublesoaf 

In those patients in whom a remission was observed, the 
symptoms ot active Hodgkin’s disease such as pain, piuih's, ai 
anorexia were relieved frequently aftei the tlind oi fonith of 

series Fevei was the most consistent clinical finding dm mg ^ ^gmpera 
Hodgkin’s disease In those eases 111 which a 1 emission completion 

tuie returned to noinial dining theiapy 01 wnthin a week a gf re- 

Many patients who noted no sustained subjective 01 objec ive ^ ^g^poran 
giession of the disease neveitheless desciibed a moderate cegi jg^elopo^ 

relief from one 01 more of their symptoms One patient ( of 

a marked diffuse hi own pigmentation of the skin dninig compkb“‘' 

disease Nitrogen mustard theiaiiy was given and two wee gp a nor 

of theiapy the pigmentation had disappeared with the ^^as obaerfod 

mal skm color This deciease in abnoimal skin pignieuta ion 
to a lessei degree in two other patients (Cases 2 and 9) ggasistenf 

The toxic effects ot the methyl-his compound are an ' jiaiiseJ, o’* 
the exception ot one case in which diaiihea was oecur*'^ 

vomituig were the onlv^ immediate toxic reactions 



STDDIFS IN HODGKIN & SYNDROill 


1007 


dunug thirty eight of the folt^ foui coiuses and ueie usual]) appaieiit 
within one half to thiee houis following tlic adniiuistiation of theiaji) In some 
instances nausea alone of shoit diuation was desciibed In otheis nausea and 
\oimtmg of twenty foui to foit) eight hoius duiation weie noted Thiombo 
phlebitis at the site of injection occniied duiiiig foui courses This was an an 
uoyino though not a seiious comphutioii 

Following the administiation of twuit\ thiee couises of nitiOoeu mustaid 
therapy, thirteen patients de\elopLd inaculopapulai niailedly pimitic skin 
lesions over the tinnk and e'^tieiiuties The lesions appealed fiom one to si\ 
weeks after treatment Moipholooically the eiuptioii fii’st appealed as pmL, 
maculopapulai lesions 2 to 5 umi in diunietci Tlicv 1 itei became liemoi 
rhagic 111 some cases ThioUohoiit the dcMlopmeiit of the eiiiption and during 
its couise, pmiitis w is mail ed Ihe lesions usuilh peisisted foi many weeks 
but were lelatuelj few m luimbei In some cises tlie eruption was sr itteied 
diffusely over the bod) , in otheis it was confined to out oi more evtieinities oi 
to a single aiea of the tiuuL GiossI> the lesions weie snnilai to those which 
occasionally aie seen as skin manifest itions of Hodgkin s disease '\ticioscopi 
call), howevei, biops) mateiial obtained fiom thiee patients studied was 
desenbed as \esiculobullous lesions piesumably lesulting from \ascular damage 
The walls of the suiiouiidiug \essels showed marked depeneiation In addi 
tion to the maculopapulai lesions desciibed five of the that) one patients in 
this senes developed the classic lesions of heipes zostei 

The most serious complication following nitiogen mustaid therapy in this 
senes resulted from bone marrow and l)mphoid tissue destiuction Blood 
studies considered adequate and suitable for hematologic evaluation were done 
following thutyfive courses of therap) in twent) six patients A leucopenia 
below 2 000 white cells pei cubic millinietei of blood was leeoided following 
twenty two courses In fifteen the white blood count diopped lielow 1000 
The lymphocytes weie the first cellulai elements to leflect the toxic effect of the 
material A decrease in the numbei of Ijmpliocytes was observed as earl) as 
twenty four hours after the first dose of nitrogen mustard in some cases Be 
fore the institution of HN_ therapy an absolute l)inphopeuia (below twenty 
per cent) was appaient in all of the patients studied Twent) five liad less than 
10 per cent and seventeen had less than 5 per cent l)mphoc)tes befoie tieat 
ment In the latter group (less than 5 per cent Ivmphocvtes) i significant dc 
crease m the luimber of circulating l))nphocvtcs following theiap) v\as obvious 
Iv difScult to measure Foiuteen of the sixteen tieatmeiit courses given to pa 
tients whoso blood contained more than 5 per cent l)mphoe)tes before tlieiapy 
demonstrated a significant diop in those cells within, one to five days after the 
first dose was given In twent) tliree of the thiit) foui couises subsequent 
blood studies revealed a return to the pieMOus ivmphoc)te level or to a more 
nearly normal level In nine courses three weeks after therap) 20 per cent of 
the circulating white blood cells v\eie ])mphoc\tes a significant increase com 
pared with the level befoie theiap) Foui couises weie followed b\ an imme 
diate increase in ])mphoc)tes 'I wo qf these torn experienced satisfaetoiv re 
missions (Courses 17 and 42) 
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In addition to the lymphopenia piesent befoie theiapy, lu tliirtv four oi 
thiity-five instances an absolute monocytosis and an mcieased iiioiioc\tf 
lymphocyte latio weie found The monocyte-lymphocyte latio letanied tu 
normal and was accompanied by a satisfactoiy remission after fourteen ci 
thiity-foui courses In eleven courses followed by no remission, the moiiocvte 
lymphocyte latio remained abnormal When an alteration ni the mouociie 
lymphocyte ratio followed therapy'’, it consisted of both an increase m the total 
number of lymphocytes and a decrease in the number of monocytes A direit 
correlation between Aaiiatious in the monocjde-lymphocj te ratio and vaiiation 
in the aetiMty of the disease appeared to be piesent in twenty five of thirtr 
four courses (74 pei cent) 

At the time when the leueopenia ivas most seieie, appioximateb three 
w'eeks after theiapy, all white blood cell elements were numerically reduced lu 
equal proportion Thrombocytopenia, uheii present, usually appeared a few 
days later than the leueopenia A thiombocy topeiiia of less than 100 P 
developed following seventeen of the thirty -foui courses m which hematolojiic 
studies were made , thii teen patients had platelet counts below 50,000 and «ii 
below 10,000 ilauy of these patients developed petechiae, m one theie w 
bleeding from the mucous membranes 

Twenty-four of the thirty-four tieatment courses (71 pei 
hematologically demonstrated an increased leticiilocyde count, as lo 
pel cent in one case, during exacerbations of the disease previous 
mustard theiap’y^ and during subsec£uent recrudescence of the isease 
1 etieulocA tosis existed independent of the presence or absence of 
lo-wing twenty’’- three of twenty-eight courses studied, the ^ il 

dropped watliin two w’eeks following HN„ therapy’’, to 0 0 iii six ms 
remained above nonnal at its lowest pouit following nineteen 
cent) The most marked anemia was noted in most cases three o 
after HNn therapy^ and was lecoided below 2 0 miUiou reel ce s a e 
thirty-five tieatment courses The degree of auemia obseivec a 
was dependent both on the red blood count befoie theiapy anc on ^ 
of whole blood transfusions gnen the patient followmg h' ^ 

number of led blood cells piesent befoie tieatment raielv 
decrease of more than one to one and one-halt million after m fre 

When the red blood cell level was low befoie theiapy, a pro ouu fj,r 

quently’ developed after HNo AVhole blood transfusions voie 


maintenance preceding marrow legeneiation 

Serial sternal manoiv studies Aveie made ui ten cases 


Thiee of 


oei’iai siernai maiuoAV stuaies Aveie niauc - before tuer**!' 

vealed mcieases in reticulum cells, monoeydes, and plasma ce ^j.gatment 
In five cases a left shift in the erydhioid senes was seen e ° , ggppp''' 

there was no significant quantitative alter atiou m any’ uiaihed li'i’®' 

All ten mar in’ll’ samples studied demonstrated a (jiiniiiutioQ 

plasia of all celliilai elements aftei tieatment with - 2 ivaa <-0® 

marrow elements Avas apparent to some extent by the marled dur®= 

pleted five days after the first dose HAqroplasia became ni 
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the subsequent tiio iveeks and in most cases aplasia folloucd Oiilj fibroblasts 
and fat cells remained After the period of aphsn, a normal regeneiatne 
process occurred with the appeaiancc of louug ervtliioid aud mjeloid foinis 
III increasing numbers Witliiu fi\c to sin iieeks nftei tbeiapj, when the peiipli 
eral blood picture was appioaclmig noimal a bjpeiplasia and left shift of 
erythroid and myeloid elements and raegikai i ocytes weie seen 

Serial blood sedimentation lates weie detenmned folloiung thirteen 
courses A direct lelatioii between clinical benefit and improiemeut in sedi 
mentation late was obseried in eight of thiiteen patients studied (02 pei 
cent ) The administiation of folic acid in doses of 30 to 'iO mg daih 
during aud after appioNimateli one half of the thiiti foiu lourses obseiied 
did uot seem to alter the cytotOMc effects of mustard tbeiapi Whole blood 
trausfusioiis similarly did not alleviate the toxic depiessiou of the mariow 
nor did they aid in maiutammg a normal peiipheral white blood cell or platelet 
ieiel All patients with a leucopenia below 2 000 cells iieie giien peiiicilliii 
until the white blood count rose ahoie this lei el In tliiee cases tlieie iias sec 
ondary infection direetli associated with the granuloei topeiua the infection 
was controlled bj penicillin in each ease 

BothC E (Case 12) aud G T (Case 11) whose histones aic sumiiiarized 
below exhibited extensile damage of the hematopoietic si stem with retnin to a 
normal equilibrium in one aud a partial return in the other The httei patient 
(Case 14) experienced a longer and more complete i emission than ai“ 
former (Case 12) Howeiei, in Couises 9 12 aud 14 (Cases 5 7 and 9) illus 
trated in Table I, clinical icmissions of two fiie and two months rospectiieli 
were observed iii patients who had onli niiiiimal ciidencG of toxic amaoC 
the blood and lymphoid si stems 


Case 12— C E, a 35 year oW white woman entered Universiti Hospital during arc i 
1917 complaining of epigastric pain weight lo a wenkneas and T a i ess ®5an 

during the third trimester of tlie patient’s last pregnancy during the faU of 1914 wl m 
noticed a swelling in the left side of the neck V few weeks later the s in ecamo ye 
pmritic About three months after the oneompi.eated full term delivery of a normal femme 
child, the patient was referred to this clinic because of persisting cervica 
Vtter a left supraelavreular lymph node b.opsi m Ipnl 1945 the diagnosis Hodgkin 
diaeu e was made The patient then reeened roentgen therapy over tho right and loft 
Ccmcol regions and the mediastinum, Donng the fall of 1045 ahe received further rad.atij 
mor the Oiillae medinstmum and epigastrium She felt well until two mou ''' 

mission when she developed epigastric pain which was more pronounce a ^ 
stated that soUd foods Lmed “to get stuck before reaching the stomncl. "““S T' 
"hich lasted more than an hour Iheae avmptoms progressed and were accompanied I 
cough weakness, and weight loss 

Pl.is.eal examination revealed a pnle tiun individual witli eervieal “'1 
leader, him. a.^ercte nodes Beentgen ray studies of the esophagus 
Stmclion just behind tlie bifurcation of tho trachea. A calcified iiHerior i 
was lasuahred aud roentgen rny flndings suggested the possibility of ulccratm P 

ago. Following tho almistration of 25 mg of hm (P cWoroctlp ) Tf;”* 

heeame nau eated and vomited Six days later roentgen ray examination 'e'caM J a era 
lence of obstruction and stenosis of the esophagus For approiimaci 
nticnt felt T\eU and Tvas ible to eat solid foods without pain or difficullj 
dysphagia returned became progressively more severe and was nccompanied b> cough 
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Physical examination revealed i widening of the mediastinum to the right 1 sewud m’.-i 
of 22 5 mg of nitrogen mustaid was given During the week after HN therapy tlie patiat 
noticed her cough becoming more severe with swallowing and reported that she had cougtej 
up food particles A diagnosis of esophageal bronchial fistula was made and tubal 'utun 
V la the esophagus was instituted Fluoroscopic examination confirmed the diagnojs of a. 
tula The patient had a pruritic maculopapular eruption over the extremities and che t j' 
this time 


C f o }} ijrs 



findings in this case lie illustiated in Fig 1 




Case 14 — Gl T, a 16 v ear old white girl, vvas adnutted to the and " 


Februarj, 1947, complaining of weakness,^ enlarged ghinds. 

In 1944 the patient noticed increasing weakness, easy fatiga i ' I 


and 
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nodes V diagnosis of Hodgkin a di<iease was made following study of a Ijiupli node biops} 
‘'ection and tlie j) iticnt mis referred to this clinic iollouiUj, J)ioi)‘'\ tlio p itient reeeiveiJ 
multiple courses of roentgen tlieripj o\er the iiicdi'i tinuni lung ibdomeu and cervical 
and iDgum il region The jnvticiit iioti ed no pcriplicml idenopatii\ iluring sub equent 
ciatcrbatiouM but retuined for rotiite,cn ri\ trt itintnt repeated^ heiau e of rtiurreuie of the 
Me.iknes3 and weight lo s Si\ months before admi sion for HN tlicnpv tin pituiit ud slit 
had severe guierali7td jiruntis which continued until idimssion One montli liefore alniission 
she developed i cough productive of timk yellow white sputum Pun in tin ubstonml legion 
accompanied the cough On idini ion fever, night sweat , occa ion d chill productive 
cough, and weakness were described 


C.Ts 



Emaciation, dark brown pigment Uioa of the skm and a papular eruption over tlie en 
t'ro lodj mill emonations were prerent TJicro was no sigmlicant adcnopotli, Eoeutgen 
studies revealed a right pleural eltusion with apparent involvement of the riglit upper 
lube lung parenchyma by Hodghm s process 

The patient received liio daily doses of hu (p eliloroetliyl) ammo hydroclilorido (-u 
"'g) witli no untouard reaction Ten days after tlio first dose roentgen studies reieale-d i 
diminution la tlie pleural etfusion and increased aeration m the right lung apeu The tern 
I’ttilure ]0_ to aOo before therapy w is oh erved to be 105 on the Hr t dii of tlierapi 
Tuu diiva after tho first do e of nitrogen mustard the temperature w is 100 ami varied 
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bet\>eeu 1)8 0 and 101 until aevtntteu dijs after the beginning ut tlicrapj at uhiclx time 
it returned to normal Tlic liemutologic chnugta aro illustrated m Fig 2 The patient re 
ceived 30,000 units of pemtilhn c\ery three hours from the second d ij of treatment untd 

discharge aud 50 mg folic acid orallj e\cry day after the twelfth day following the first 

do 0 of nitrogen mustard She retened four transfusions of -oO c c of whole blood during 
flia second Meek after treatment Pnintis and the papular eruption became less noticeable 
and Mere absent ulion the patient was discharged tweutj four dajs after the beginning of 
treatment V,t the time of discharge the brown skin pigmentation had almost disappeared 
Appetite sleep and genenl well being were improved The severit\ of the cough had gre ith 
decreased aud onl> a small iniouiit of thm clear sputum was obtained Two weeks aftii 

discharge tlie patient retumed feeling well eicept for a recurrence of tlio skin eruption 

with pruritis accompanied by lesions similar to those of herpes zoster Although tlio lierpeti 
form lesions disappeared in tlirec to four weeks, the papular pruritic eruption persisted inter 
mittently until a second course of nitrogen mustard was given six months later following 
a recurrence of fe\er and a progression of the pulmonarj lesions 



CvsE 31— F P a 29^earold white married woman was first diagnosed as liaMn^ 
chronic Ijonphatic Icucenua on the basis of a supraclaMCular l^mph node biopsy nine years 
Ixjforo admission For fi^e jcirs she recened roentgen thonpj over multiple areas of recur 
rent adenopath} During most of that time she wis able to maintain normal activitj 
Four years before admission to the hospital a second l^ouph node biopsy ga\o a diagnosis 
of Hodgkin’s disease and tlus dingno is wras reinforced b> a review of the old slides Since 
'lien the patient had continued to receno occasional roentgen raj trcatmcut'i During the 
sii months preceding this admission she noted progre sive weakne s dry cougli mtermittcnt 
afternoon fe\cr substernal chest pain, and pain o\er the right inferior angle of the scapula 
J'oentgLn raj studies revealed an cnlargcmeut of the mediastinal Imdow which was inter 
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pieted as being due to adenonathv Tim ^ 

01 er e-if li of three fields antenor and i.n,t “ « t 

httei therap, did not bring about relief of ^ o^T' " 

‘ 1^0 hid complained of a sense of fullness^ 2' ^ f ^ 

c~ii’:rrr 1 = 

stiated a distortion suggesting adenopathrl?‘tT“^ ‘Tf'i 
gall bladder could not be vifualized cell a, aus noip, p 

coot, blood urea nitrogen nas 11 5 Proii rite on adinissiou n u plu^ 3 p, 

« both spee.„e.., a. it , 4 L s,lT’oTZ *! “ '"■ “ >« ' ■ 

1-3, and globulin 3 00 The serial hemU T' ° "Ji e/o, all,^ 

The natient iv. hematologic studies are illustrated in Fig o 

of no ing on tivo sucSive Zs^rnr sl '>“'”« '““v 

nausea and vomiting during- and fn ™“ patient eifient-^i 

peaied during the first ueek after tLaZeat^ 

revealed a normally functiomn-. gall Set ^ 

the first dose of HU aTmtrtt fi ^ ^ndder The patient lias discharged eleicn (Iai= dtt 
&i\ da s apparently improved m eiery respect 

after discharge'^^^rt patient naa readmitted, having felt iiell until tliree dan 

Plilsical examination revealeTan malaise, nausea, aud wmiwg 

The abdomen was diffiiad i ^ eration of the gingiva and petechiae on the »oft {ah', 
count lias 150 and th! temperature was 102» F Tl.e ulule H d 

seen The sternnl me ^ count was 3 36 milhon, no platelets or reticulocj-tes uue 

The piothrorabin was 4 a" “Plastic, only fibroblasts, fat and plasma cells vere losl 
Gm per cent globubn 9 normal, total protein 6 00 Gm per cent, altammSli 

blood urea nitrogen of 31 5 ™ albuminuria aii s 

a septic temperature ^ ^cn 50,000 units of pemcillm every three hours but contmued to 1 j« 
a rapidly nroo-rBsa,-,, ° -f physical signs developed until five dais after admission iho 
direct 10 35 cenhal ^ ^ce appeared At this time the van den Bergh was indirect 15.’ 
turbidity uas 20 ^ ^ Protem 6 75, albunim 2 37, and globulin 3 3S Tb'sd 

iiithout untonard *he course of tius admission 3,500 c c of whole blood irere gin 

5ai The natm Streptomycin (4 Gm daily) nas started on the fourth boT d 

was inserted o /h chstended on the seventh hospital dij and a Ihller \bMt taU 
niamfest len d^ a right lower lobe pneumonia and atelecfa'is ic^~^ 

barium enema d a mass iias palpated in the right lower quadrant f 

cape of the bam a perforation of the posterior aspect of the cetum with o 

Tof i - ^ in 0 the retroperitoneal soace An mpi^mn mul drainaiie of the retioctrt 


retroperitoneal als c t le retroperitoneal space An incision aud drainage of the retroc^ 
after sure-erv and The temperature returned to normal lufhm three 

tamed on ciilti patient began to improve Eschet ichia coh and stapbjlococd were c 

re of the abscess fluid 

within one nmnth'^ < protein, prothrombin, and lung findings returned to 

Priodax roentn-o abscess drainage and at tliat time the drainage tube «3S ' 

could not be dn^ studies revealed closure of the abscess caviti The ceial F'' ’ 
not be demonstrated tno weeks after surgical mteriention 

DISCUcrSION 

of one to ten months have been obseived follow mg Sh 
e senes of cases piesented in this lepoit There appear to be seieia! 'T» 
of patient who may obtain benefit fiom this foim of theiapj First, ndw-^ 
mustaid has piodueed remissions m the clinical couise both of 
liad nevei been given roentgen theiapy aud in patients ivbo bad 
leceived beneficial effects from roentgen ladiation Second, HX has been 
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successfully m induicluals -who Iiad -ttidcly disseminated Hodgkin’s disease 
severe systemic into\ieation "wlio "were therefore uusuitalile subjects for 
radiation therapj Thud, t legiession of the disease after mtiOoCii mustard 
therap) has been obsei\ed in cases in which leceiit loentgen tieatment ovei 
involved areas failed to pioduce beneficial lesults Fiinllj, an indirect benefit 
appaiently vas obtained in sileited patients who pieMOiislj had been eon 
sidered roentgen la^ lesistaut and who demonstiated no appaient mipro\ement 
after nitrogen mustard therapj In these patients an appaient lesensitization 
to roentgen lajs w is established 

One of the most consistent clinical signs of an evaceibatioii oi Hodgkin s 
disease in the piesent sciies was the piesence of ItMi iitliei Pel Ebstein or 
septic m tjpe As exemplified bj G T, Case 14 a dcciease in temperature 
during or witliin a few dajs aftei tlieiapj was obsened sufficientlv often to 
justify the use of this obsenation as an eailj uule\ ot the efiic ic\ of tlie tieat 
ment Relief of pain, obsei\ed in patients G 1 and P P (Cases 14 and 31 J 
was also an early manifestation of a remission '\rail cdlj juuiitic skin lesions 
an aimojing counteipait of nianj cases of Hodgkin s disease disapjieared 
shortlj after HN tlieiap\ m G T (Case 14) Objecti\e signs of a clinical 
remission are exemplified b\ the ease lepoit of G T In tlie piesence of e\ 
tensive pulmonary lu'^ohemeiit HN therapv was followed In incioased aeia 
tion of the lung, a dmimished amount of sputum and a decreased cougli 
Another objective change was obser\ed m P P (Case 31) in whom the gall 
bladder, noufmictioniug befoie treatment was reported to be iioimal aftei HN 
theiapj- The symptoms suggestne of gall bladder disease before therapj also 
disappeared Skin pigmentation, a sign occasionally encounteied in Hodgkm s 
disease disappeared within a few da\s aftei HN theiapj in a few eases (Case 
14) In Cases 14 and 31 a, regression of the disease process was dcmoiLstiatcd 
m organs othei than those usuallj associated witli the hmplioid svstem The 
toxic reactions to the nitiogcii raustaid tlieiapj weie faiih consistent for ex 
ample, nausea and lomitmg occuiicd as an immediate toxic effect followni„ 
eacli dose of HN in 78 per cent of the courses gi^en The thrombophlebitis 
obser\ed at the site of mtiavenous injection of this medication was an aniio^iug 
but minor complication The causal factoi in the de\elopment of si ni lesions 
in a numbei of patients after HN theiapj remains to be detei mined It cannot 
be stated whethei this wras a cutaneous spread of Hodgkin s disease after 
iiitiogen mustard or a to\ic effect resulting fiom local or sjstemio \osculai 
damage The profound leucopenia and thiombocj topenia obsei\ed after HN 
therapj reflects tlie extensive toxic damage to the liematoiioietic s\stem The 
fact that the Ijanphocjtes were tlie first cellular elements to be decreased in 
tb^ peripheral blood suggests tliat the Ijinphocrte is the most lapidh dLst^o^ed 
of the formed elements of tlie blood That the destruction of blood cell elements 
ocoiuN as i lesiilt of a ceiitial toxic eftect as well is i ptiiplicial out is dciiioii 
stiated In the concomitant dcstiuetne In poplasia nid aplasti of tiie bone mar 
row obser\ed dining the peiiod when the peiiplieral count is lowest flic ap 
pearance of Inperplasia of the bone marrow and inci eased numbers of >oun„ 
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foims of myeloid and eiythioid elements as well as megakaijocyteb \\hilt! lie 
peiipheial cellulai elements aie inci easing dm mg the lecoveiy plia^e imliuti 
the duration and the tempoiaiy natuie ot this toxic effect ou tlie blood itl! 
toiming pieciiisois ol the hematopoietie system 

The most consistent hematologic abnoimahties in Hodglun’s disease betuif 
theiapy aie lymphopenia, monocytosis, and leveised mouocite hmplioem 
latio The subsequent legeneiation of the hmphoid tissues aud return P 
1101 mal of the cii dilating lymphocytes aftei theiapy i e establishes a mote 
iieaily noinial monocy te-lj mphocjde latio In this senes of patients tie 
1 etui 11 of the monoeyte-lymphoeyte latio toward noiinal uas the most coiisisteiu 
laboratory finding associated with a clinical i emission 

An exacerbation of Hodgkin’s disease in these cases was also lefledcJt'i 
some extent by an absolute leticiilocytosis before theiapy regardless of the 
presence or absence ot anemia The alterations in the leticuloejte count ac 
companying the bone inaiiow changes after HN, theiapy prohibit its use i 
prognostic index of the results of tieatment 

In consideiing patients foi iiitiogen mnstaid theiapy, it should 
that the danger of the toxic efiect of HN, on the bone niaiiow is iiimmiize^^ 
two factors One ot these is the ability of antibacterial cheiiiotheiapeuticapU 
to alleviate the danger of infection lesulting from temporary 
and the other is the tiemendoiis capacity of hematopoietic tissue 
despite extensiye damage by HNo Similarly, evidences of hone 
volvement liy Hodgkin’s disease before therapy ynth 
leucopema, and thioiiiboeytopema do not constitute an absoiie c 
tioii to HNo 

The fact that no consistent lelationship was observed m 
mg nitrogen mustard theiapy between the appearance of b' 

and the amount of hematopoietic and lymphoid tissue damage 
peripheral blood and sternal maiioiv changes result'”? 

tissue damage is not necessarily a cuter ion of the benefit to t e p^ ^ g^tisfacton 
from this tieatment Two patients (Cases 11 and 29 ) m „ioss 
regression of the disease was obseii^ed not onlv failed jgtiwH' 

of hematopoietic damage on study'' of the peripheral tcs fdb'^"'-' 

observed to hare an immediate increase in ciiciilating yui 
therapy i e itions 'fl*id' 

The case reports presented described some iiniisiial coi pf tb"' 

might be considered as toxic reactions following -i^itli 

occur lence shortly after nitiogeu miistaid therapy esopl'”?*^^' 

followed in one ease by^ a perforation of the f < 

gastric mucosal ulcerations, and in another Pv a , (]e\ eloped 

duodenal ulcers ueie obseiwed in a thud One p‘ jreatme"b 

■jaundice and eiidences of severe liver damage shoity a mined i^hd “ 

which returned to normal a few weeks later It of mt''‘’b'^'* 

any or aU of these changes are the diiect result o ^f jctne Hodc 

taid 01 are a secondary manifestation of the ces n 
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tissue If the foiiiiei is tiue, the destmctne effect ou the gastiointestmal inu 
cosa of espenmeutal aiiimals by toxic doses of iiitiogen iniistaids ma> also be 
obsei\ecl m some cases it tlieiapeutie dose le\eK in Jiuiiiaii beings 

NiUogeu imistaid appeus to be ii Aaluable adjunct to the theiapy of 
Hodgkin’s disease although it does not leplace roeutgeu theiapy A compaiison 
of pieviously lecoided lesults foIloi\iiig loeutgeu radiation "^ith those following 
the selectne use of both loeiitgen ladntioii and nitrogen mustaicl therapj 
suggests that the combination of thciapeutic agents ina\ offer gieatei hope for 
increased life expeetaue% than eithei used alone 

SUMM VRT 

Thirty one eases of HodgI in s disease weie ticated uitli a total of foit\ 
four couixes of uieth\l his (13 chloioetinl) amine Indioeliloiide 

Beneficial results ueie obsei\ed in twentj patients lecemng twentj foiii 
coui-ses ludiieetlj, thiee otliei patients beiufited tliiough an appaient lesensi 
ti7'ition to loent^jen lays lmpio\cment a\as chaiacteu/ed in most instances 
bi an immediate disappeaiauce of fe\ex itclnng and pain Biownish pignien 
tation ot the shm was obsened to deciease m se\eral cases as did Hodgl ni s 
skill lesions, splenomegaly liepatomegaly , and adenopathy 

The tONic effects of IIN on hematopoietic md lymphoid tissues as lefiected 
111 peripheral blood and sternal inairow changes aie desciibed and discussed 
These changes are contrasted ■with alteiations in liematologic equilibiia obserNed 
(luring exaceibatious of Hodgkins disease Lymphopenia with a leaeised 
inonocj te lymphocy te latio is frequently obsei\ed duimp the acti\e phase of 
Hodgkin s disease A legeneiatioii of iMuphocites and leturn of the monocyte 
Hmphoeyte ratio towaid noimal is the most consistent ]aboiatoi\ finding, as 
sociated Dith a clinical i emission Au absolute leticulocy tosis lias been obser\ed 
in many cases duiing the active phase of Hodgkm s disease befoie theiapv 
regardless of the presence oi absence of anemia It is obsei\ed that no appaient 
relationship exists lU selected cases between the amount of measurable damage 
to the hematopoietic and lyunphoid tissues and the occuireiiee of clinical ic 
missions Bone marrow hypoplasia proceediiio to aplasia and followed ni c\cl^ 
nistance by complete legeueration to the previous le\el and in some cases to i 
more normal level within a few ueeks aftei theiapy was obsei\cd Bone mai 
row in\olvemeiit by the Hodgkin’s disease piocess before therapy is not con 
^idered a contraindication to HN theiapy 

An immediate to'sie reaction of nausea and ’vomiting ^\as observed con 
sistentlj after HN tlierapy Case lepoits ha\e been piesented desciibmg un 
Usual complications which followed HN theiapy These include iilceiatioii 
oud perfoiation of the mucosa of the gastioiutestinal tract Skiii lesions macro 
'icopically similar to those fiequently seen in llodokm s disease appeared in an 
unusually laige numbei of cases follonnig HN theiapy 

references 

^ Kruiubliair E B and Krumbliaar 11 V Kolo of tlie Blood and tlie Bone Marrow 
in Certain Forms of Gas Poisoning J M Kesearch -10 -197 1919 



1018 


1 VNES, JR , DOAN, AND HOTTER 


2 Pappenlieimei, A AT , and Vince, M J The Elleas of Intraioiious InievtKj t 

Dichloroethylsulhde in Eabbits, With Special Reference to its Leucotoxie \tti 
J E\per Med 31 71, 1920 

3 Gilman, A, ind Philips, P & The Biological Actions and Therapeutic Aprlii'i 

of the B Chloroethyl Amines and Sulfides, Science 103 109, 194G 

4 Rhoads, C P The Snoid and the Plouglishaie, J Mt Sinai Hosp 13 299, 1947 

5 Rhoads, C P Nitiogen Mustards in the Treatment of Neoplastic Disease, J A M. I 

131 656, 1946 

C Jacobson, L O , Spiurr, C L , Barron, E S G , Smith, T R Lu'libaugli, C , and 1) 1 

G P Nitrogen Mustard Theiapy Studies on the Effect of Mcth}lBis ycth, 
ethyl) Amine Hj drochloride on Neoplastic Disease and Alhed Disorders of f 
Hemapoietic System, JAMA 132 263, 1946 

7 Goodman, L S, Alintiobe, M AI, Daineshek, W, Goodman, M S, Gilmin, A, u 

AIcLennan, M T Nitrogen Mnstaid Therapy Use of Meth)lBis CHorottlj’i 
Amino Hydiochloride for Hodgkin’s Disease, Lj mphosarcoma. Leukemia, and t 
tain Allied and Aliseellaneous Disorders, J A AI A 132 126, 1940 

8 Jacobson, L O, Spun, C L, Smith, T R, and Dick, G P Symposium on 

in Clinical Medicine, Radio ictne Phosphoius (Pac) and Alkvhmmis (Aitroi 
Alustai ds) in the Treatment of Neopl istie and Alhed Diseases of the Heraap. 1 1 
System, AI Clin North America 31 3, 1947 

9 Karnofsky, D A The Nitiogen Mustards and Their Application m Aioplistn Di'- 

pnqpq "V^ fifn+p T ATpfl 4-7 1 Q*l-7 

10 Philips, P &, and G%nan,l The Relation Between Chemical Constitution and B v 
logical Action of the Nitrogen Mustaids, m Approaches to Tumor Cheniotnersfr, 


A A A « p 2S0, 1947 , p p 

11 Karnofsky, D A, Burcheual, J H, Oimsbee, R A, Cornman, I, and Kuoair', 

Experimental Obsei vations on the Use of the Nitrogen Mustards in ine ’ 
ment of Neoplastic Disease, in Approaches to Tumor Chemotherapi, i 

12 Spun, C L, Jacobson, L 0, Smith, T R , and Gmmiaii Barron, E S 

Application of Methyl Bis (/3 Chloroethyl) Amine Hydrochloride to tno 
of Lymphomas and Alhed Djscrasns, in Approaches to Tumor C 

A A A S p 306, 194/ , , i t n in "Pnluatioii n 

13 Karnofsky, D A , Craver, L P , Rhoads, C P , and Abels, J C " 

MetlvslBis ()3 Chloroethyl) Amine Hydrochloride and Tns 
Hydrochloude (Nitrogen Mustaids) in the Treatment a 319 pli 

Allied Diseases, in Approaclies to Tumor Chemotherapy, A A a 9 ' 

14 Goodman, L S, Wintrobe, M M, McLennan, M T, Da““hek, W , oooamn 

and Gilman, A Use of Methyl Bis (P Chloroethyl) Amine Hid 
(/3 Chloioethyl) Amine Hydrochloride (' ‘Nitrogen Mustards ) . j Jii, 
of Hodgkin’s Disease, Lymphosarcoma, Leukemia and Derta i y, S P ’ ' 

cellaneous Disorders, in Approaches to Tumor Chemotherapy, 

15 M’lntrobe, M M , ilcLeniian, M T , and Guguley, 0 M , Jr ^ ' 

Nitrogen Mustard Therapx, in Approaches to Tumor One ’ 

p 347, 1947 



THE EFFECT OP LIVER EXIBACI AND VITAMIN B,. ON THE 
JIDCOUS MEMBRANE LESIONS OF JLVCROCi TIC ANEMIA 

Robert E Stone, M D vnd Ton D Sp!en M d 
Bmiirvajuji Ar i 


pOB Hiore than tnentj jeais ne line been s(ucl\ni,» (be mucous mcmbiiuic 
1- lesions of peisons with niaeroejtic anemia and bait obseiied that tliei nsii 
anjare relieved bj livei e-itiaot and Veiitiiculin A great opportuniti to stiidi 
more carefully the pathogenesis of tlitse lesions appealed with the advent of 
ptcroylglntamie aeid (folic aeid) in 19-15* and Iniethvl iiiati] (tlnmme) in 
1948* two pme chemical compounds vvliicli aic tftcctivi in piodinnig i luiin 
tologic response in certain tjpes of macioejtic anemia 

As soon as it had been demonstrated'' that sv nflictn ioJit at id and sv ii 
tlietie thjTnine vieie effective in prodnciii,, % licmopoietic md dinn d lesponse 
m persons with peinioious anemia and i elated anemias • ' srtditioinl studies on 
^ese substances weie planned These studies vveie directed ton ird ansneuiig 
the following questions What eliiucal syndromes ai e affected hv these clicniicsl 
compounds? What is the i elation of the stiuctiiie of tho molctiiin ot those 
compounds to their antiauenuc propcities? What are the reJati-ve chiucal ami 
hematologic effects of these substances as eontiasted witli each othci and as 
contrasted with h\er extract? How well do these substances maintain pufients 
Uith pernicious anemia nutntional mncroc\tic anemia and tiopieal spiue^ Vs 
^ paitial answer to this fast query wo (and many others) dm mg- the past two 
and one half jears ha\e found that fohe acid momtams the blood levels m per 
song inth peinicious anemia just as well as Iner extract but that it does not 
offer a complete tiestment m most cases since it docs not present or relieve sub 
acute combmed degeneration of the spinal eoid ® It appears from our studies 
that fohe acid is piefenble to Iivei extract in the maintenance of peisons with 
nutritional macrocytic anemn and tiopical sprue‘s We have foimd that thj 
ttune, like fohe acid is not s complete tieatment m most cases of pernicious 
aneana since it neither pi e\ cuts nor rehe\es the subacute combined degeneration 
of the spmal cord although it does maintain the blood levels xerv well ® tJn 
published obser\ations show that massive doses of tin mine aie as effectne as 
Iner extract or fobc acid both clmieally and hematologically in rnaintainjiir, 
persons nitli nutnticml maciocitie inenun and tiopical sprue The ^er\ lai^e 
jpse le qmied, hottevei, males thy mine impiacticai is a therapeutic agent 
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acK. 1“ zzr. Tzr: ^aSif : “r;::;" 

IiTrexharr^ffTl'^TT admm«t/ai 

followed by piompt impiovement Tbs Diipioienieiit kb 
arying degiees of time aftei the cessation of livei extiact tlieiap; Tr 
eailiest lelapse ocemied one month aftei theiapy nas discoutinued, audse^rl 
patients had had no leeinienees twelve mouths aftei tlieiapi ivas discontmtoi 

e gieat majority had a leeuiienee from within one to nine montlis after tie 
last injection 

Thiee of the patients weie uneoopeiative and, feeling vei\ much bettr 
would letuin to woik and not wish tieatment again 'When the\ i elapsed thi 
letunied to us These three patients had, at inteiwals, tieatment luthmian 
doses of thvmine, paienteial livei extiact, and oial admimsbation of foil 
acid In addition two of them had tieatment with vitamin the newest Tita 
min to be isolated®’ and found to be effective in piodiicmg a chnical anil 
hematologic i espouse in peisons with addisonian peinicious anemia, uutntioicl 
inaeioejtic anemia, and tiopical spiue The fieij lediiess and intense paw 
of the mucous membiane lesions weie lelieved at least tempoianh, m tit'O 
two patients A case histoiy which is lepieseutative of the patients with seitre 
lesions follows 


J B , a 48 year old 1711116 man A diagnosis of permcious anemia was iir't 's 
^■Iny, 1944 At that time he complained of general weakness, dyspnea and palpifat'i®* 
exertion, soreness of mouth and tongue, swelling of feet and legs, and pare'the las o 
extremities The tongue was smooth (severe atrophy of papillae) and red, the gnai- 
swollen and injected, and scars were present at the angles of the mouth Semorv f 
’’Uggestive of peripheral neuritis were noted The imtial blood values ivere rdl hoo < 
count, 125 million, hemoglobin, 5 1 Gm (33 per cent), reticulocytes, IS per cent, 
blood cell count, 3,250, packed cell volume, 16, mean corpuscular volume, 128, mean corpu.< ^ 
hemoglobin, 40 S, and mean corpuscular hemoglobin concentration, 31 S Hanj mcp ^ 
were present in the aspirated sternal marrow Other pertinent labontorr na 
achlorhydria and achjlia after histamine stimulation, slightlj elevated 
negative gastrointestinal x raj studies Tlierapj with a small amount of an evperiincn 
fraction resulted in partial relief clinicallv and hematologically ^ 

Within a period of six months the anemia and associated sj mptouu’ re ^ j 
symptoms and physical findings were essentially tlie same as noted on the fir t 
blood counts were red blood cells, 1 39 million, hemoglobin 4 4 Sm , and re ic 
per cent Therapy with commercial liver extract (Keticulogen) induced a 
A peah reticulocyte count of 37 3 per cent was obtained on the sistii day of f c 1 ^ 

seven days after therapy was started the red blood cell count was 5 OS milhon an ^ 

was 13 1 grams Chmcal improvement was just as remarkable The signs an 
glossitis and stomatitis subsided rapidly, and regrowth of lingual papillae was o 

After an interval of nine months without therapy the patient was oh er^e , 

in severe relapse in September, 1945 In addition to the symptoms and p I rJh,-v 
anemia per se, there w ere severe glossitis and stomatitis and moderatelv j tJ- 

and phv sical signs of peripheral neuritis The initial red blood cell coun j 

lion and hemoglobin was 71 grams The patient was given 100 mg of 
mouth for twenty dajs A peak reticulocyte count of 19 2 per cent wa. on ^ ^ 
fifth day of therapj Sixtj five daj-, after folic acid was started the red 
was 4 97 million and hemoglobin was 12 5 grams Sjoiiptoms and plnsica "j. j i < 

and stomatitis subsided entirely within ten days, and on the patient s re ca 
pital the neurological examination was negative 
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fourth relapse developed within five months after the folic 'icid therapy was diseon 
tinued The sjTiiptoms and ph) <11011 findings m March, 1946 were essential!? the same as 
noted on. the three previous occasions except tint there was evidence of progression of the 
peripheral neuritis The blood counts were red blood cells, 1 o5 million, hemoglobin 6 2 Gm 
(40 per cent), white blood cells 3 OaO reticulocytes 0 3 per cent packed cell volume 20 mean 
torpuscalar volume, 320, mem corpuscular hemoglobm 40 and mean corpuscular hemoglobin 
concentration 31 Thcrapj consisted of 5 nictlivl uracil (thvmme) 0 Qm daih bv mouth for 
nineteen dajs A peak reticulocvte count of lo per cent was obtained on the eleventh dav 
of therapj' Twenty one dajs after fherapj was stirted the red blood cell count was 2 39 
nulhoa and hemoglobm was 8 9 Gni an increase of about one half million red blood cells 
and 3 1 Gm of hemoglobin m three weeks time Vlthough studies o£ sternal marrow which 
was aspirated just after the peak of retieiiJoo tosis rerealed a normobla'^tic reactive stage 
comparable to that observed during thcrapv with livcr extract and on another occa«aon with 
foUc acid the anemia began to relapse soon after therapj was di continued Iseither the 
stomatitis and glossitis nor the nervous svmptoms were relieved Wlule the patient was 
taking thyrmne the glossitis and stomatitis became worse with swelling and mcrea cd bum 
ing soreness of mouth and tongue and ulceration and fissurmg of niuco'«a of lower lip 

The patient left the hospital against advice, thus interrupting therapv However ou 
Tune 28 1946, he returned to the clinic and was started on folic acid 10 mg dailv bv 
mouth At that time sjanptoms and signs of glossitis and stomatitis were till present Thi 
patient received the folic acid (10 mg four times a day) for thirteen davs A peak reticu 
locjte count of 20 6 per cent was obtained on the eleventh dav of therapv During the 
twenty three days ho was observed, the red blood cell count incrca ed from 0 91 million to 
219 million, and hemoglobin from 4 0 to 7 9 grams Throughout that peno) glossitis nnl 
stomatitis persisted The patient insisted on leaving the liospital again 

He was readmitted to the hospital m September 2946 Despite the persistence of 
severe aoeima and glossitis and stomatitis he had worked regularh at a cotton mill dunng 
the previous sixtj days During that tune however paTcsthesias reewTred and became pro 
grcssiielj worse, and disturbed locomotion deicloped The patient was given liver extract 
mtramuscularlj and improved gradualh both clmicallv and hcmatologicalh On Decern 
her 18 1046 tho red blood cell count was 4 00 nulboa and hemoglobin was 12 7 grams 
The patient refused more tJiorapy and returned to work 

During June 1947, the patient bad an insidious onset of «orene'i9 stinging and burn 
lag sensation of tho mouth and tongue, progressive general weakness and djspnea on cicr 
tion, and mild paresthesias of cxtreimtics Six weeks later in 3ulv 1917 when he returned 
to the outpatient clinic a moderatelj severe glossitis and stomatitis anemia chrome penph 
oral neuritis and possibJj posterior column degeneration were found Blood counts were 
red blood cells 2 00 million liemoglobm, 80 Qm (o2 per cent) reticulocjtes 0 8 per cent 
white blood cells 3,200, packed cell volume, 20 mean corpuscular volume 130 mean corpuscular 
hemoglobin 40 and mean corpuscular liemoglobm concentration 31 V single dose 2 c c of n 
highly refined commercial liver extract was given intramustularly Dunng the subsequent 
ten days the stomatitis, glossitis and cheilosis cleared rapidly and regcnention of lingual 
papillae began Tho anemia likewise unproved the Wood values obtained four weeks later 
'vere red blood cell count 3 SO million hemoglobm 12 2 Gm (79 per cent) reticuloc> tc<», 
^4 per cent and white blood cell count OoaO The patient again refused more treatment 
ind returned to work 

During October however, there was a gradual return of all svauplouia which bj tho 
time of admission to the ho<4pitaJ a month infer had becornc seiere The patient s tongue w is 
Pollen, deep dental impressions were pre ent at tho tip all surfaces were red and the 
Papillae apparentlj were severely atrophied the buccal mucosa appearchl sbghth swollen 
and largo areas were hypcrcmic, particuiarlj opposite tho hno of closure of the teclh tooth 
indentations marked the mucosa of the lower hp and several coring fi sure extended later 
8lly externally from the left angle of the mouth 

Fohe acid, 30 mg daily bj mouth was started on Dec 14 3947 and continued o 
^'ircli 3 194S — a total of eighty davs It was then increased to 40 mg a dav for Ihirtv 
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foul d‘v>‘ 5 , aud Anally to 50 mg a day for an additional peiiod ot tinutj ho Jajs \f, 
the dose of folic acid iias inci eased to 50 nig i da), the patient recened sniiultaneujt 
000 mg of niacinamide a d i) for se\en d lys Then duiing the next fifteen dajstlefd 
lowing xitamins (m addition to folic leid), witli dail) doses is indicated, were gircn \1u 
rain A, 75,000 USP units, vitamin D, d,000 U&P units, tluanune 30 mg, nboflimi, h 
mg, niacinamide, 450 mg , ascoibic acid, 450 imlligiams Wliile the patient ivio oa tL 
therapy there was considerable, but suboptimal, impiovement of the anemia, but no a[pti 
ciable beneficial effect, either from the folic acid alone or from the other vitamins, on ii‘ 
glossitis, stomatitis, and cheilosis resulted The blood values at the beginning of therpr 
were red blood cell count, 2 15 million, hemoglobin, SI Gm (53 per cent), rehcukpt 
0 0 per cent, aud white blood cell count, 4,900 At the conclusion of therap) (a total of hi 
days) they were red blood cell count, 4 15 million, hemoglobin, 14 2 6m (<)3 per cent), 
reticulocytes, 2 2 per cent, and white blood cell count, 9,250 A peak reticulocyte count d 
18 1 per cent was obtained on the eleventh day of folic acid therapy (10 mg four timcj i 


Despite the fact that the patient’s blood values were as lugh as we had ever seen tiiD, 
the stomatitis and glossitis w ere worse The fiery redness was more intense Tho pam juj 
I t almost unbearable, so on Apiil 30, 15ittg of vitamin B, were given mtraniuscularlj Ibtl-E 
twenty four hours there were equivocal signs of improvement After fortv eight hours lltti 
was definite fading of the hyperemia of the tongue and buccal mucosa By tho fifth daf 
after the injection, the color of the mucosa of the tongue and oral cavity appeared abo ' 
normal except in the most swollen areas of the lower lip, at this time the external ts-iri 
were dry and appeared to be healing The tongue appeared less swollen, and by the t ir 
teenth day many fine papillae were visible over the entire upper surface and the 
fissures appeared completely healed All soreness and burnmg sensation of tlie moii 
tongue, and external fissures began to subside within foity eight hours after tlio mjev loa 
and completely disappeared within five days 


SUMM^VRY AND CONCLUSIONS 


These studies show that ceitain patients with addisoniaii peiuicious anenit 
have seveie mucous membiaue lesions that aie not leheved by the 
tion of massive doses of thymine oi large doses of folic acid 
cons membrane lesions aie chaiacteiized by a fiery red appeaiance an 1 
instances, exciuciatmg para to the patients These liaJ 

seen only m patients with pei melons anemia, that is to say, paticn s 
gastiic achloihydiia and achylia, and in each instance these 
cuned onlj" in people who had subacute combined degeiieiation 
cord There seems to he a close clinical association between poderwi 

the seveie mucous membiaue lesions, and the degeneiation o 
and lateral columns of the spinal coid in these paiticulai pn b\ 

Without exception, the patients in oui expenence, wru 

ease history, have benefited from liver extinct injections, an^ dud 

given vitamin with similar relief foi at least two weevs 


rags support our previous contention that neither m lontrd’ 

complete treatment for persons with peiuicious anemia, 
parenteral liver extract is 
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THE EFFECT OF 2, 3-DITHIOPKOPANOL (BAL) ON 
GOLD TOXICITY IN EATS 

C S Gillmob, MD Kansas Cm, jMo, 

E H Freyberg, ]M D , New York, N Y 

G old salts have been nsed m the tieatment ot iheumatoid aitluits smu 
they weie intioduced by Foiestiei^ in 1929 Toxicity sometuncs ocuirniig 
with the nse of gold salts has been an impoitant factoi luiiiting the moie general 
use of this foim of theiapy 

Tieatment of toxicity due to gold foi the most part has been unsuccesai 
2,3-Dithiopropanol (BAL) has been lepoited^ by a gioup of mvestigatoisCo h 
successful in counteracting aisenic and meicuij’’ poisomng These luiestioaoni 

made no lepoit on the effect of BAL against gold toxicity 

Because of the value of BAL in the tieatment of mtoxication 
hea%^ metals, it seemed appiopiiate to study the effect of BAL m the , 
and tieatment of toxicity due to gold Clinical investigations wi . 

separately, it is the purpose of this paper to report the effect of - P 
laxis and theiapy of the expeiimental gold toxicity in albino lats 


experimental 

Albino rats averaging 160 grams in weight vere used as ,jilt 

sodium thiosulfate, Nuj Au(Sj Oj) , in a 37% per cent aqueous so u ion 
in every instance BAL always was injected in doses of 0 0375 cc, " u huoAH 

average dose recommended for the treatment of acute arsenic or niercurj 
beings t All injections of gold salt and BAL were made intramuscu ^ ujcvtiJ 

ammals were divided into three groups of twelve Each of the rats m r^^ jg mg of go't 
daily for seven days wath an amount of gold sodium thiosulfate expenii‘f“* ' 

An injection of BAL was made mto six rats of this group on the i an 
daj s Each rat in Group B received 4 7 mg of gold daily for m this gm-’i' 

fourth experimental days, BAL was injected tivice daily into half o ^^^5 mjMtid 

Each rat in Group C received 3 8 mg of gold daily for seven dajs 
six of these ammals twice daily on the first three dajs of the ^ animals ivereblh 

the fourth through the seventh day At the end of each expenmen ^ 
and the organs were carefully examined 


RESULTS „,.re 

ALL lats in Gioup A sEowed no change m geneial 
less active and had diminished appetites In behavioi no i>> 

between the animals which leceived BAL and those t at * p],g ievtii'-* 
the control gioup died on the tliiid day, all othem weie BVU'^ 

expeiimental day Sections of the kidnej'^s of the lats re ^ 

From the Arthritis Clime of the Hospital for Special Su^S®^ generous feWnt f""’ 
This is report No 1 of investigations made poss e 
establishment of a Fund for Research m Rheumatic nisea ^ 1 
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•Research Fellow in Rheumatic Diseases Hospital or 
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In the kidneys of aU animals in Gionn R 
the epithelium in the convoluted tubnlf.« ^ seieie degeneraiwut, 

Ihelium and lumen In the kidneys of I’aK tf m the cp, 

pointed tubules contained clumps of onlrl n 

Mzes This pigment was found^hotli gianulai pigment of larieu, 

OJ the ep,theh™ 

enous eoaguluin hlhno anP ^ giaaular, hume' 

Pluhc casts weie mestnt lT Nunie.ous eosia. 

Deeply stained eosin easts bio t ^‘^Dng tubules and in the loops of Htalt 
that weie not injected with BAT tubules Among tiwu nl, 

pigment also this uas nsnaP ' tubules of the kidueis contaird 

to be entiielv nmmal ^+1. leceiving gold and BAL smiultaneonslv appeard 
e.xpeiiment Thev we! noimally active duiiug the whoh 

kidneys The coni i ^ twenty-second day m oidei to a\aimiie the 

fiom the sSonr and .nad.u 

end of the seen, of this gionp died at the 

eighth day lemaining lat of this gioup nas killed on the 

chano'es^^^^A^t^^i^^ kidneys of lats fioni Gioup C showed intenstiii' 

eontiasted t 'which zeceived no BAL neighed 155 granbui 

whipp ^ ^^erage weight of one kidney fiom lats in thb gioup 

and BAL^d BAL In the Indneys of the lats that leecnedgoU 

tubules modeiate degeneiation of epithelium in the eomolukd 

sional cast tubules contained a small amount of albumin and oftu 

of theiats"* r ° i^^etallie piecipitate was obseived in the tissue The kidni‘« 

neciosis ^ received no BAL showed severe degeiieiatneehainp^ 

B fhai ’ piecipitate in abundance exactlj^ as seen in the lats of Group 

-» tnat leceived no BAL 

foim^^ ^oiie of the expeiimental animals was theie auj evidence ot ah^a-v) 

^7iirQ+ ^ muscle into which injections of B^kL oi of gold sodium thio- 

sutrate were made 


T ceitain that the abnoimalities seen m the kidneis of t ‘ 

ilio 1- 1 ^ animals weie pioduced by the gold sodium thiosulfate mjid** 

t'iinp.i noimal, iintieated lats weie eaiefully evaiiiined Tiicvtt“ 

wpjo r^i? *^^^^^g®'^ed or golden jeUow piecipitate Paienchymatoiis ekmiu 
P^eseived Some tubules showed slight vacuolai degeneiation o 
o-pci ^ occasional hyalin easts weie seen Theie was considerate^ 

ni ^ glomeiulai and interstitial capillaiies The pigment pn*-'!' ‘ 

f I tissue and the lenal cellulai damage obseiied m the lakot 
weie exactly like the changes due to gold tovieitv p 
eaihei studies conducted by one of us * 

In these investigations the toxicitv’ of gold was snmlui to that P*^*^'* 
desciibed in white rats ^ The chief pathologic change was m the kidna'" 
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neplirosis similar to that caused b> some othei ]iea\'5 metals lesailted A\nieii 
the dose of gold is suffieientlj laige death ma> result quicld^ as uas the case 
m the animals in Gioup B Because of this the dose of gold ^\^s i educed in the 
studies conducted on tlio animals of Gioup C to permit sufficient time foi am 
beneficial effects of BAL to he accomplished 

It IS deal from these studies that exen m large doses B VL had no theia 
peutic \alue when it was injected aftei cNtcnsise cellulai damage alieach had 
oecuried When gi\en snnultaneoush with laige doses of gold sufficient to 
cause death m manj animals of Gioup C BAL pioxed to be effectue in com 
bating toMcitv fiom gold Bxen though some renal damage then occuiied it 
was of small amount and insufficient to cause sxstemie toxiciti in tlic lats which 
Used and appeared well until thex weie killed m oidei to oNaminc the tissues 

Besides the definite dcciease in eellulai damage a conspicuous difference ni 
appearance of the kidnexs of tlie lats in Group C which weie tieatcd with B VL 
was that no precipitate of gold oi gold salt was olisencd in the comoluted 
tubules This obsenation suggests that BAL eomlnnes with tlie gold instead of 
the tissue cells and keeps it in the bodx m a nonto\ac state oi climiintes it as 
such so as to piexent any significant collul u damage oi its piecipitatioii m icnal 
tissue It appeals that BAL successfulh competes with the host tiasues toi 
combination with cnculating gold If BAL is present in sufficient amounts 
bcfoie gold becomes combined wuth oi deposited in tissues e\teusi\e eellulai 
damage is piexented and life is sustained The time element appeals to be the 
most important factoi in this competition foi gold injections of BAL mack 
soon aftci poisoning aic effectixe the same amount of BAL given later m the 
course of gold administiation does not protect against letlial to\icit\ 

It appears cleai thcieforc that to be most beneficial in human beings in 
combating toxicitv resulting fiom therapeutic injections of gold salts BAL 
should be administered promptlx when signs of toxiciti aie fii'st oliseixed the 
loUj^ei tlie deldx in use of BAL tlie less beneficial it IikeK will be Tins is borne 
out in, the clmical rcpoi'ts coneeimng BAL^ ^ and in unpublished clinical ob 
seuatioiis of the authors Hagan and Boots icported B VL to lie effectixc in 
pi-otectmg lats against toxicitj of gold It is impossible to compare oui icsulfs 
with theuN foi no details of dosage or time lelations xxeic published in then 
report 

These animal studies suggest that the inaimei m ivhich BAL acts to piexeiit 
toMeitx due to gold is in all respects similar to its action ar^dinst ai’some and 
mercuij uitoMcation ^ 

SUMllARX 

Tlie toMcitj fiom gold salts injected into albino lats is dcsciibed B VL 
bad no piotectixe effect xvlien injected sexcial dajs after toxic doses of gold 
'verc admnnstcied 'Wlieii injected simuUanemish with the administi ition of 
tosic doses of gold sufficient to be lethal to lats B VL piexcnted import int 
loMcUx tlie animaLs lixcd in apparentlx good health These obsenations in 
Jieate that BAL is an cffcctixe antidote foi gold if it is gixen in adeciuite 
amounts sufficientlx eailx aftei the administiation of «oId salts These results 
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fiiithei suggest that to have maximal effect m humau beings who haictoxiut^ 
fiom gold salts, BAL should be given as soon as signs of toxicih areohemo 
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THE EFFECT OF FEEDING PROP\LTHIOURAClE AND 
CHOLESTEROL ON THE BLOOD CHOLESTEROL 
AND ARTERIAL INTIJI V IN THE RAT 

L Hori iciv* VKD L H n elI 
Chicvgo Ili 

A ttempts to pioduce aitencscleiosis 111 the lat ha\e imifoiinh met ^\Itll 
failure Cholesterol feeding per sc Jins been attempted b\ mam witlioiit 
appreciablj affecting eithei the blood cbolesteiol le\els oi the arteinl intinia ^ 
The nature of tins lesistancc to the de\elopmeut of expcnnientil ithcio 
sclerosis is unknown, and its elucidation is \ ital to the solution of the p itho 
genesis of the disease That one of the factors imoKcd in the piocess of le 
sistanee may be hormonal is suggested b\ tlie recent woiL ot Stenici and 
Kendall who found that tliiouracil and cholesterol fed to dogs will prodiuL 
atheroselerosis, while either agent wJien fed alone will fail to do so This woil 
IS highly significant because the dog does not noimallj de\e]op atheioscleiosis 
and the experimental "vaneti of the disease has ue\ei pieMOusI\ been induced 
in this animal Previous work has shown that the thvioid gland is in^ohed 
m the entire process of experimental atbeiosclerosis In rabbits thMOldtctom^ 
renders the animals far more susceptible to the eholesteiolemia and atheio 
sclerosis which follow the feeding of cholesterol ^ On the other hand feedin^, 
desiccated thyroid or potassium iodide seems to piotect the nnimals against the 
development of cholesterol induced lesions and loners the blood eholestciol 
Ie\els® "We have been able to eonfiim the pioteetive action of desiccated thj 
roid in another species, the chicken® We also have obsexved the sjmergistic 
effect of cholesterol and thiouiacil on raising the blood cholesterol levels o t e 
chicken « With these considerations m mind we decided to use the antithjioul 
drug thiouraeil in the rat m an attempt to bieak down the resistance ot this 
species to the induction of atheroscleiosis h\ cholesterol feeding 


PROCEDUnC 

White rats of the Harlan strain (oiicinallj Wistai) wore used rhe> 
weighed approximately 100 to 150 grams at the stait of the expeiimeut le 

rats were divided into six separate gioups Gioup 1 v\as maintainef ^ 

diet of dog biscuitsf and w ater ad libitum Gioup 2 icctive pei cen 

terol suspended in cottonseed oil mixed with ground mea $ uu '' 
Group 3 received 10 pei cent cliolesterol mixed with the bxsil die 
I 5, and 6 received propjlthiouncil§ citliei alone oi inixct vvi i ciocs 
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Table II A\ei age Bod\ Weight oe Dipeebent Groups in Ghams 


1 



J.LVBEI 

01 VEFKS 

ON , 

DIET 


— 

GROUP j 

i P 

2 

0 

10 

14 

20 

24 

2s 

'I 

Normal 

111 

178 

223 

mmi 


m 


317 

6 5 

5 per cent cholesterol 

142 

147 

221 

266 

314 

331 

319 

3al 

4,14 

10 per cent cholesterol 

135 

155 

239 

282 

312 

279 

345 

364 

423 

Propylthiouracil 

153 

161 

191 

199 

215 

224 

49S 

243 


5 per cent cholesterol 
propylthiouracil 

147 

138 

19L 

188 

189 

185 

138 

220 

Iwj' 

10 per cent cholesterol 
propylthiouracil 

145 

163 

170 

169 

165 

150 

156 

22s 



*Five animals only 
tFour animals onlj 


aieaii weight of 139 giaais The noimal eontiol animals gamed steidh n 
weight and had reached a peak Aveight of 328 giams at the condasiou oi tli 
expeiiment The 5 pei cent cholesteiol aninials gained steadil\ m iieiflit asl 
weie feomew'hat heaviei than the noima.1 eontiols, weighmg 401 
gionps which leeeived propylthiouiacil eithei alone oi ui combination wu 
cholesterol weie far lightei than any of the contiol gionps Thus tbe prop ^ 
tbiouiaeil gioup neighed 257 giaius at the conclusion ot the 
the 5 pel' cent and 10 per cent cholesteiol -pi opylthioiuacil groups 16 an 
glams 1 espeetivety This con elates nell with the figines obtame or 
intake . 

Blood Cholesteiol icnefs— The cholesteiol values foi the uoiina^^'- 
showed no significant changes throughout the couise of 
highest and toivest average values lecoided weie 53 5 and 9 J an 


The 5 per 




spectuely with a mean of 74 1 mg pei cent Theie was no 
inciease of the blood cholesteiol levels with lucieasing age 1 ,\ lU 

cholesteiol fed gioup showed a slight rise in the Wood cho es « ^ i.jjpjesti.rnl 
fouith week of feeding Bj" the eighth week of feeding W® the 
level had risen to an aveiage -value of 136 nig per an t is 2 j,j 

aveiage value attained by this gioup Theieaftei, it^ coutroh f*' 

;llOV\W 
solestero! : 

cent 


fluctuated, but lemamed consistently higher than that siiovhu " - 

blood cholesteiol levels foi the 10 pei cent cholesteiol e gi id 

parallel to and slightly greatei titan those in the ^ ^ 

group The highest aveiage value foi this group was 

achieved by the eighth -week of feeding lesteiol 

In the pi opylthioiuacil contiol gionp the blooc ^jy rose kb' 

82 4 mg pel cent after four weeks of feeding, anc su s dc-h 

mg pel cent by the eighth week Theieaftei theie jjjg po pi^r 

with the values in this gioup somewhat highei than los ^ 

cholesteiol fed gioup showed an var!' r 

The 5 pel cent cholesteiol-piopylthiouiaci feedmt' ■ 

of blood cholesteiol levels to 97 2 mg pei cent a ® j cent aii^^ ^ 

then a piogiessne use to a high aveiage value o = gradual , 

teen to twenty weeks of feeding Theieaftei , .^^^1 k'd f,/ 
the blood cholesteiol lei els The highest Woo gdne-ved after 1"®“ 
vidnal in this group was 616 mg pei cent anc w 
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TABLE m Average Blood Gholesteroi. Le\exs op Diffeeent Qrocps in 
Milligrams Per Cent 





NUMBER 

OP WEEKS 

ON 

DIET 



GROUP 

0 

4 

8 

12 

17 

22 

27 

31 

38 

Normal 


o4 

81 

60 

9o 

80 

88 

05 

04 

5 per cent cliolesterol 


77 

136 

102 

107 

113 

95 

81 

101 

10 per cent cholesterol 


So 

142 

9o 

130 

129 

113 

118 

93 

Propylthiouracil 

0 per cent cholesterol 


82 

167 

104 

130 

13S 

94 

130 

03 

propylthiouracil 

10 per cent cholesterol 


97 

200 

250 

373 

315 

152 

158 

70 

propylthiouracil 


lo5 

2o4 

283 

345 

30^ 

114 

288 

79 


Vverago control \alue for all groups 


^eelis on tlie diet The 10 pei cent cholesteiol piopjithiouiacil ^loup shoA\ed 
tlie greatest early use ui the blood cholesteiol ot au\ of the gioups with a 
le\el of 155 mg per cent nftei foin weds of feeding This wis almost three 
tunes the average contiol lei el The blood cholesteiol lc\el rose steadih tliere 
after to 345 mg per cent after sixteen to twcnti wee) s of feeding and then de 
dined graduallj 

In summary then the feeding of eithei cholesterol oi piop\lthioiiratil 
alone in the dosage employed lesulted in each case in a slight use of the blood 
cholesterol levels above the noinial Fi\e and ten pci cent Lliole-»teiol in tlie diet 
produced rises in the blood cholestaol le\els which weie similar irheii the entiio 
time course of the experiment is sur\e\cd When tlie cliolesteiol and piop>] 
thiouraeil were combined lu the diet the rise in blood cholesteiol was signifi 
cantly greater than in the piccedmg groups The combination of 10 per cent 
cholesterol with piopjlthioiiracil ga\e somewhat higher le%cls dniiug the fust 
twehe iveelis of the expeimiont than the 5 pei cent cholesteiol combined willi 
propylthiouracil The Iiigli a\eiagc lalues on all diets weie achicied befoie the 
twenty second week of feeding and tended to decline theieafter Tins eoiielates 
with a tendency on the pait of the annuals to fuluic of fuitiici wei^^ht gam 
decreased food intake, and generally pool health which became ippuient at this 
time* Toward the end of the cxpeiimcut it was nccessaiy to substitute oidi 
iiar\ Fiislues for tlie piepaiecl feed foi a few da\s at a tune because of tliL. 
^'lekly appearance of the lats Piopyltliiomaul alone produced a cholesteiol 
emia equal to that produced by cholesteiol alone AViieii cholesteiol and pioj)\l 
tliiouiacd were combined in the diet the rise m the blood cholesteiol was 
significantly greater than in the pieceding groups Theie was a modtiatc liy per 
cliolesteroleniia which was appioximately six times the a\eiige nounal ^alues 
or e\en ten times the control aalue in single annuals Inei easing the cholesterol 
content of the piopylthiouiacil cholcsttiol mixtiue do^s not appieciabh iiicieas. 
the cholesterolemia obtained 

Paihologic Findings —None of the ammils showed nn ^loss atlaionutous 
lesions of the intima of the aoita of the vaUcs of the licut oi of tin majoj 


cent cholesterol or perhaps even lesser amounts of cholesterol in tne uiet. 
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the basal diet The dose of piop\lthiouiacil employed was 0 2 per cent att'e 
stait, it was iiici eased to 0 3 pei cent after fifteen weeks, and to 01 per wit 
aftei an additional five weeks Piopyltliiouracil was dissolved and suspeudtl 
in file dunking water in a concentiation of 0 1 pei cent Gionp 1, toiiiistis" 
of eight lats, received the basal diet plus piopylthiouiacil in the dosage uul 
lined Gionp 5, consisting of twelve lats, leceived the basal diet plusptop>l 
thiouiacil and 5 pei cent eholesteiol in oil Gionp 6, consisting of eight rat 
i eceived the basal diet plus xiropylthionraeil and 10 pei cent cholesterol in oil 
111 Older to inciease the food intake and to pi event scatteiing, milk 
iiid water wmie used as a biudei and the feed was piepared in cake foiiii T1 
amount of milk powder utilized amounted to appnoMinateh 20 per leiit h 
eight of the total feed and added substaiitiallv to the piotcin and talon 
\alue of the feed The animals weie weighed at intervals of three weeks aio 
the blood cholesterol levels deteiniined at that time Two animals irerei-lifwa 
at random from Group 1 for eholesteiol determinations and four ammaLfrtQ 
each of the othei groups with the excepition of Gionp 5, from which six amunj 
weie chosen at landom for the eholesteiol detei minations Blood was o aw 
f 10111 the tail vein, and the Schoenheimei-Speiiy teclnuque' was use w 
eholesteiol deteiuimatiou Food and water consumption data were co 
in each gionp at intervals of thiee weeks thionghout the 
animals weie autopsied and all organs examined Special 
to the heait and aoita which w’eie removed en bloc, slit open wi ^ 
and caiefullv examined foi exideuce of atheioma i” jPoiv i;n»- 

stanied sections weie made oiilv of those aoitas which appeare 
evidence of atheioma 


RESUr TS ,j 

Food Intake — Data in Table I indicate that the noinial lat iG 

to -12 Gm of food m twenty-foui horns The watei consiimp 
same period w'as 27 to 42 ce pei lat The food consinnption « 
per cent cholesterol fed lats approximately equalled that o 
intakes of 20 to 39 and 20 to 47 Gin pei lat pei dav ^utk ' 

intake foi these lats was somewhat lowei than foi the co^ ° Tiie 
more marked diseiepancv in the 10 per cent cholesterol ec pijoJedewi kJ 
receiving piopylthiouiacil, eithei alone or ni 
a lower food intake than eithei the normal contiols or t e 
The intake for the propylthioiiiacil group ranged fioni - , pen-' 

per day of food and 11 to 30 c c of w'atei The ni a ]4 

cholesteiol-piopylthioiiiacil gionp was 14 to 21 Gm per 
30 c e per rat per day, and of the 10 pei cent eholestei o p appan--^ 

16 to 19 Gm per lat per dav and 13 to 20 c c pei la^ P® 
that the intake of food and watei in the two latter 


half that of the control groups 

Body Weight —The data aie shown in Table I wiW 

of the expel imeiit, the animals weighed between 
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Table II A\ ei vge Body Weight op Different Groups in Gpams 


1 



^LMBEF 

Oi VEERS 

ON 

DIET 



GROUP 1 

0 

2 

6 

10 

14 

20 

24 

2j 

' 

normal 

111 

178 

223 

250 

278 

316 

288 

317 

c- 5 

5 per cent cholesterol 

142 

147 

221 

266 

314 

331 

329 

3a2 

14 

10 per cent cholesterol 

135 

155 

239 

282 

312 

279 

345 

3C4 

1 : 

Propylthiouracil 

153 

151 

191 

199 

215 

224 

19b 

243 

’O; 

5 per cent cholesterol 
propylthiouracil 

147 

13S 

191 

188 

189 

185 

158 

220 

Ibi' 

10 per cent cholesterol 
propylthiouracil 

145 

163 

170 

169 

165 

150 

156 

22o 

h'l 


’Five animals onlj 
TFour animals onl> 


mean weight of 139 giams The noimal contiol animals gamed steadih u 
weight and had leaehed a peak weight of 328 giams at the conclusion of tb 
expeiiment The 5 pei cent cholesteiol animals gamed steadily m neiglitafil 
weie somewhat heaviei than the noimal contiols, weighmg 101 giiinb h' 
gioups which leeeived piopylthiomacil eithei alone oi in combination iv!t|i 
cholesterol weie fai lighter than any of the control gioups Thus the prop' 
thiouiacil gioup weighed 257 giams at the conclusion of the experiment,^ 
the 5 pel cent and 10 pei cent cholesteiol-piopylthiouiacil gioups 160 aui ^ 
giams lespectively This con elates well wuth the figuies obtained tor oo 
intake 

Blood Cholesteiol Levels— The cholesteiol values foi the noimal 
showed no significant changes thioughout the couise of 
highest and lowest aveiage values lecoided weie 53 5 and 95 nio 
spectively with a mean of 74 1 mg pei cent Theie was no tren ^ 
ineiease of the blood cholesteiol levels with inci easing age .^jg^jlbit! 
cholesteiol fed gioup showed a slight use m the blood ^ 
fourth week of feeding By the eighth week of feeding t e , 

level had iisen to an aveiage value of 136 mg pei cent cue 1 p^^iadualk 


average 


value attained by this gioup Theieaftei, it fell 


ontrob 
iboffcd a 


fluctuated, but i emained consistently higher than that o ^ c ^ 

blood cholesterol levels for the 10 per cent cholesteiol e oi^o ^ cholesterol f* 
parallel to and slightly greater titan those m the ^ per cent aoll 

gioup The highest aveiage value foi this gioup w'as n'o 
achieved by the eighth week of feeding j rC'? t 

In the piopylthiomacil contiol gioup the bloo c o e to k* 

82 4 mg pel cent aftei foui weeks of feedmg, and su d^l“-'^ 

mg pel cent by the eighth w^eek Theieaftei theie tjjg lO per'-'' 

with the values in this gioup somewhat highei tlian t los 
cholesteiol fed gioup showed an carl' r _ 

The 5 pel cent cholesteiol-piopylthioiiiacil gio^P^ ,veeKs of feod"'-’’ 

of blood cholesteiol levels to 97 2 mg pei cent per cent aitc^ 

then a piogiessive rise to a high aveiage value o ^ t gradual deJ'" 
teen to twenty weeks of feeding Theieaftei jopleiel i" 7 i 

the blood cholesteiol levels The highest bloo c after t"''” ' 

iidual m this gioup was 616 mg pei cent anc was c 
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Tablb ni Average Blood Cholesterol Levels op BiPfERENT Gfodps in 
Milligrams Pet Cent 





NUMBER 

OF WEEKS 

ON 

DIET 

— 


ghodp ' 

0 


8 

12 

IT 

22 

27 

31 

38 

Normal 


5-i 

81 

66 

95 

80 

88 

Go 

64 

5 per cent cholesterol 


77 

136 

102 

107 

113 

9d 

81 

101 

10 per cent cholesterol 


SO 

142 

9a 

130 

129 

113 

118 

92 

Propylthiouracil 

5 per cent cholesterol 


82 

167 

104 

139 

138 

94 

130 

Go 

propylthiouracil 

10 per cent cholesterol 


97 

200 

250 

373 

315 

152 

lo8 

70 

propylthiouracil 


loo 

2o4 

283 

345 

303 

lU 

288 

79 


Average control value for all groups 


weeks on the diet The 10 pei cent cholesteiol piopjithiomacil ^loup showed 
the greatest eai]y use in the blood cholesteiol of an\ of the gioups uith a 
le\el of lo5 lUg per cent nftei foiii weel^s of feedinjt Tins is almost tliree 
times the average eoiitiol le^el The blood cholesteiol le\el lose steadilv theie 
after to 345 mg pei cent after sixteen to twcnt^ ueelvs of feeding and then de- 
clined giaduallj 

In summary theu the feeding of eitliei cholesteiol oi piop\ltli:uuidtil 
alone in the dosage employed lesulted m each case ni a slight use of the blood 
cholesterol levels abose the noimal Five and ten per cent cholesteiol m the diet 
produced rises in the blood cholesteiol Ie\els uhich wcie similar wlieii the entiie 
time course of the experiment is suive>ed When the cliolesteiol and prop'll 
thiouracil were combined lu the diet the rise in blood cholesteiol was siginfi 
cantl} greater than in the pieccdiiig gioups The combination of 10 per cent 
cliolesterol with propylthiouracil ga\e somewhat highei le%cls dining the first 
twehe weeks of the expeiimcnt than the 5 pei cent cholesteiol combined with 
propjltluouracil The high a\eiage Aalues on all diets weie achicced before the 
twenty second week of feeding and tended to decline tbeieaftei Tins coiielates 
ivith a tendency on the pait of the aiinmls to failuie of fuithci weioht gam 
decreased food intake, and generally pool health which became appaient at this 
time* Toward the end of the expeiimciit it was necessary to substitute oidi 
llal^ Fiiskies for the piepaied feed foi a few da^s at a time because ot the 
^'cklj appearance of the lats Piopalthiouncil alone pioduced a cholesteiol 
eiiua equal to that produced bj cholesteiol alone When cholesteiol and piop> I 
thiouracil weie combined in the diet, the rise iii the blood cholesteiol was 
'Significantly greater than in the preceding gioups There was a moderate hjpei 
(-holesterolemia which was appioximateh six times the a-veiage iioimal -values 
or even ten times the coutiol value in single animals Increasing tlie cliolesterol 
content of the propylthiouiaeil eJiolestciol niixtuie do^^s not appiecnbU increase 
the cholesteiolemia obtamed 

^aihohoic Findmps— None of the annuals showed uu ^lov, atliaomitous 
lesions of the mtima of the aoita of the valves of the lu iit oi of tin majoi 


ctnt cholesterol or perhaps even lc‘«er amounts of cholesterol In tha diet 
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di tei idl ti uuks Fatty In ei was a common finding in most ot the aiiimalb wliuL 
leceued eithei cholesteiol or thiouracil alone, oi the combination None of lit. 
contiol idts showed evidence of fatty livei 


DISCUSSION 


The feeding of diets contdining cholesteiol in high coiicentiation, alone or 
combined with piopylthiouiacil, failed to pioduce atheioscleiosis in the rat 
The diets employed lesiilted m uses m the blood cholesteiol leiels,* but tie 
levels found did not appioach those obtained bj Steinei and Kendall in tie 
dog 01 by ouiselves in the elneken * We have been able to demonstrate m tic 
chicken that the development of atheioscleiosis is in fanly close lelationdnp t" 
the degiee ot hypereholesteiolemid and its diiiation® We niav assume that tb 
iiidbilitv to pioduce a hvpeicholesteioleniia compaiable to that seen in Steiner 
and KendaU’s dogs and in oui chickens is lesponsible in pait foi the failure i 
the rats to develop evidence of atheiomatosis Howevei, it must be note t 
cholesteiol levels similai to those obtained in the lats in this evpennieii 
maintained foi similai peiiods ot time would pioduce atheromatous tu c 
in both the rabbit and in the chicken * The tailuie of the rats to l e^^ 
atheiomatosis must be attiibuted in jiait to a cholesteiol nietaboic i 
ditfeient from that which pievails in labbits and chickens 

Feeding cholesteiol in excess of 5 pei cent of the total diet did 
any furthei rises in the blood cholesteiol and this may indicate 
thieshold foi the absoiption of cholesteiol fioiii the gastiom es 
Cholesterol fed in excess of this thieshold coucentiatioii uf ih-' 

unchanged in the feces Equally tenable hypotheses aie ,|g,tiuctu''' if 
additional cholesteiol outside the blood stieani, (2) ^],Q]e,terul k 

the additional cliolesteiol , (3) diminished endogenous amount 

balance the additional amount ingested, (4) excretion o ^ choleska'' 
ingested via the bile and the gastiointestmal tract n j c 


balance studies can clear up this impoitant question 
Cook and McCullogh'’ fed lats diets containing 


cholesterol anf 


uooiv ana iucuiuiogn-’ lea lais aims * m lomr- 

observed a threefold elevation in the blood cholesteio e\^^ cent ot ehoh'tet^' 

able to the elevation we obtained by adding 5 and even 1 2 per r’’"' 

to the diet Cook’s balance studies on cholesteiol etpiol could 

cholesteiol indicated that 30 pei cent of the ingestec ^ f^ccs 
counted ioi and that the lemaindei was m the caica^, gj cho“ 

calculated that the lats absoibed 0 3 to 0 4 Gm per u On jeceD>''o 
teiol If we consider the average daily food intave ° ° jggjgrol pe'’ j 
cent cholesterol as 30 Gm , then they ingested 3 m o g-istrond®^' 

probable that nine tenths of this cholesterol cholest^’’®* ^ 

tiaet without being absoibed, although proof 0 ^ 

^ince no pair fed controls were ‘th^tWoupcll 

out the possibility that the relatUe undernutrltlon f J ^ that in U gic u 

in cholesterolemia Other investigates ho''f\|sferol le'^els L 
does not cause any change m the hjpod cholester^^ clioleste 

in the dos‘* does not cause any sierniflcant cnange 
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studies It IS of interest that tlie same thieshold phenomenon lias been obser\ed 
in the ehicLeu, ivhere cholesteiol fed in eicess of 1 pei cent of the diet does not 
emse anj iurther use in the blood eholesteiol le\el “ 

The combination of eliolesterol -with piopj Ithioiuaeil inodueed a sjnergis 
tic iise in the blood eholesteiol levels The mechanism for this svneigism is 
not well understood Fleisehmaun and Shumackei“ believe that thvroid hor 
mone causes a shift of eholesteiol fioin the blood into the tissues without 
mflueiicing the total amount of eholesteiol m the bodj Couveiselj then 
thiouiacil bj inhibiting the thvroid hoiiuone should aiiest this pioceduie 
01 perhaps leveise its direction theieb> lesultmg in ni mciease of eholesteiol 
m the blood 

It has been lepoited h} several obseiveis® that cholesteiol feeding in 
the rat results piimarily in an mciease of the combined cholesterol in the liver 
with onl} slight mereases in the cholesteiol content of otliei oigans Sperrv 
and Stovanoif*° found that in their lats vvhicli received a 1 pei cent cholesteiol 
diet as much as 50 pei cent of the total bod> eholesteiol was concentiated m 
the liver Thev concluded that omnivores such as the lat did not differ appie 
ciably from the heibivoies in then ability to absoib cholesterol and deposit it 
ui the tissues, but that thej differed maikedl> with lespect to eliolesterol dep 
osition in the aiteiies 

Thus, while thiouracil fed to the dog dmimshed the resistance of that 
animal to cholesteiol induced atheiosclerosis it failed to do so m the lat Two 
possible reasons for this may be consideied (1) We did not use sufficient 
amounts of propyltliiouracil to realJj distuib the tbvioid mechanism (howevei 
ui the rat it is difficult to give much gieatei doses of prop>lthiouiacil than those 
emplojed here without causing to\ic svinptonis to appeal), and (2) m the rat 
other as jet unknown factore maj be involved in this resistance phenomenon 
which were not affected bj the conditions of tins expeiiment 

It would appeal then that new avenues of approach must be opened A 
LOiubination of endocrine inhibition involving more than one of the endocrine 
organs concerned with lipid metabolism niaj slied fuithei light on this problem 

sujimahv 

The feedmg of diets containing either cholesterol alone in concentrations 
of 5 to 10 per cent or propv Ithiouracil alone ju coiiceiitiations of 0 5 to 0 6 per 
cent, or both combined, for peiiods up to thirtv eight weels failed to produce 
vascular lesions of the artenoscleiotic varictv in nts 

The feeding of cholesterol oi piopylthiouncil alone produced a cholesterol 
eniia of two to tliiee times the noiinal values Combining both ^ave average 
values approximatelj six times normal average values and os much as ten times 
uorinal for individual rats 

Cholesterol in excess of 5 pei cent did not produce any further use in the 
I»Iood cholesteiol levels results of feedm« 5 and 10 per cent cholesterol combined 
with propylthiouracil compared closelj with one another 
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Pi oply thioui acil did not succeed m bieakmg down the idt’s icaistau>eii 
cholesteiol-induced atliei osclei osis The lesistance to dtheioscleiosis in tliu 
animal is piobabl> dependent on othei taotois ni addition to the tlmoiil glnd 
and its secietions 

We are mdebted to Ur L N Katz for lus suggestions m pursuing this study aid t» 
the oilier menibers of the department for their invaluible help m executing the o tudie_ 
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LABORATORY METHODS 


USE OP SPLENIC INFUSION AS V BASE POK ritOWING 
CERTAIN PATHOGENIC CIK B()OR(t \NISM b 


RvuiijMcBukke^, BS MS MU MPH vsn Loli-f R 
A B M A il T , (A S C P ) 
Birmingii\m Vt V 


MiniCROUS methods for isohtmg and/oi picstiuiu ci rtain micioui^ambiiis 
m their oi lo'inal state foi long pei lods ot tim« h i\ c I -i i n t he ohjt ct ot main 

investigations 


Llo>tl showed that ^itam acecssou ^lowth iiaois ueit fssLiitial to 
P imary isolation of iVeissena intiacclhaans and that Mihs«,ju.nt to isolation, 
n ? free ammo uul was mtsun the oigamsins 

- , ^ ^ ^ change in met ibolism iKunmne im i I'sui^U independent 

Llo vitamin content n\ the medium Tiip it n las 't Cole and 

den^ ] ^ that the giowtii of Acts^fju/ fiunonliji n w is etmsideiabh 
pendent upon hjdiogen ion concentrition (tiu moan npnmnni hciug jiH 7 6) 
oncentmtion of ammo acidi, and the pieseiue ot reiiiin a ((so?\ -lowtii 
factors or \itamins 


'’m uivcstigators ha\e rcpoited \anous niidn sujiphm^ actessor^ 

Worth, * in an effoit to ])io\idc a uhultsoI nadium loi piomot 
S groivth and keepmg fastidious mieiooij,anisms \nbU ustd a mitncnl 
fastitT peptone and sodium chloiide Spia\* found tint certain 

1 ous organisms giew well upon a hoimouc -.el itm a,^ai to which sodium 
soluble staicU were added James found that a 20 pei cent 
of duahaug a species of Laid shelled clam was an excellent souicc 

ftfowth promoting factoi for mauj of the moic fastidious miciooi^anisms 
bophile and cijochciu methods of Flosdorf and iludd “ cinploiin^ 
principle of fieezmg and lapid deh>dratioiL in ^acuo aie lecogni/ed is 
and^th*^ Pieseivation of cultures but the costs ot il iboi ite equiiimcnt 

op> ^ effort expended lu mamtaiiun^ lai^e collections o^ micio 

piohibitue The mainlenaiicc ot bacteiia In o\erlaMn^ tiiL 
^ re with sterile paraffin oil as recommended In ’\Iorton and Pulaski ■* has 
ages but necessitates the use of special seicctnc media foi piimau groutli 
that ^ S^^teral and read^ use anj cultuie medium tint is simple to prepait 
lluids^^*^ sterilized m the autoclave without siibsLqiicnt addition of bod\ 

and 'vhieh the most fastidious nucioorganisuLs will „iow luxiiiianth 

liable would he ideal The tmplovment of beet spltcn as a ^lowtli 
eting factor has fulfilled this need in oui own iu\ estimations 

Alabama.*" Department of Bactcriolo^ and Clinical PaUioIogj Mctlic. 1 Coll (:,»> of 
^‘^el\ed for publication Vprll 1 1548 
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Spleen as a souice of giowth-piomoting tactoi was suggested b\ tlie woik 
oi Cole and Llovd= a\1io used a tiyptic digest ot casein with extiact ot pig pan 
cieas, which they named tiyptamme, and an infusion oi beet spleen on 
mg N gonoiihoecte It was inithei suggested by Zinssei and Bd\neJmV’ 
who state that Neufeld iound that pneumococci lemained viable m the desiceateil 
spleens oi infected mice ioi peiiods fai exceeding those on selected media 
To luithei deteimine the value ot spleen as a tactoi in giowtli and 
Mabilitv, the following experiments weie conducted 

PROCEDURE 

Cult 111 es of eleven ot the moie tastidious oiganisius foi \iabiliti studies 
neie made on vaiious media consisting of splenic iiitusion agai, splenic iiitusion 
gelatin, beet intusion agai, and beet intusion gelatin in vaivmg amounts, with 
and without the addition of vitamin Bj Splenic intusion base was picpaied 111 
a mannei similai to the prepaiation of beet intusion base, the usual amount of 
peptone and sodium ehloiide being added to filteied minced beet spleen iiitiiscd 
o\ einight The pH was adjusted to 7 6 befoie autoclaving Ten pei cent gelatin 
was added to the splenic infusion medium and both 10 and 15 pei cent gelatin to 
the beef infusion medium When vitamin Bi was employed m the medium it 
was steiilized bv Seitz filtiation and subsequently added asepticalh ni a 10 
pel cent concentiation 

The oiganisms used w'eie thiee stiains of stieptococci {Sttcptocouua 
pyofjcneii, Ht) eptococciis vindans, 8ti eptococcus an/ienioZi/ficHs), three of pueu 
mococci {Diplococcus pnexmiomae Types 1, 2, and 3), and one each ot iVewn/w 
intiacellulaiis, Neisseiia gononlweae, Hemophilus jwtussis, Coi ynchictcnum 
diphihei lae, and Hemophilus influenzae 

All media weie tubed in plastic sciew-top vials, 120 by 20 ram, to insuie 
the piesei\ation ot moistuie duimg incubation and stoiage Piioi to inoculation 
of expeiimental media, thiee successive tiansfeis ot each oiganism weie made 
tw^enty-foui houis apart upon selective media toi each species 

Inoculations weie done with a standard 3 min loop tioni an enuilsioii ot 
the test organism 111 mammalian Ringei ’s solution made to a density coiiespoud 
ing to McPailand nephelometei tube No 8 This wxis to iiisiue iinitoiniit' ol 1 
inoculum oi each organism and to pievent a caiiy-ovei of nutiient matiini 
tiom the seleetne medium on which the oiganisms were growing 

Five tubes of each t>pe of medium w'eie inoculated with the laiioics oica^ 
isms After loit> -eight hours of incubation at 37° C, growth ot each was 1 
coided, the tubes were sealed and placed in the letiigeiatoi at 10 C , witi 
exception oi A mf/«ce?Zida) IS, A gonoi ihoeae, and H influenzae Ihchist * ^ 
were kept in the incubator at 37° C , the tubes ot the latter were iraineisec m 
cold watex and placed in a daik cupboaid at 20° C Oiowth m each raslarac 
was indicated as negative (— ), good (+), and heaiv (-f-r) Table I sliow 
record ot giowth on various media w'lth appiopiate sinibols 
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Witli tilt exceptions ot // i«/lKc«-.rtc iiul // luitussis spltnic iiitusioii niedi i 
in t\ei> inslmicc, botli ^Mtll ind without \ituniu H, 11st to excellent 

imlul o^iowth, which w is supciioi to that on hict mlusum uudu 


TABLL I Pi OHJ&IOV 01 GllOUTlI 01 OlOWIbMS AiTII ItilTV l-lllll Jl>tia ot Incuu\tion 


OIOVMSM 

1 music iMOSiov iivsi 

1 inn- iM uJsioN insi 

SIV 

m v> 

hia 

Sl<|\ 

lUW 

UK lOV 
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vv 
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1 
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f 

+4- 
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-H- 

+ 

+ l 

M 

+ 

-H- 

44- 

P pneunionmo 1 

+ 
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+ 

\ 

1 

1- 

4- 

4- 
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hf 
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f 
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■i 1 
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1 
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-H- 
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-H- 

_ 
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1- 

4- 

4- 
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H- 
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4 

-f- 

4- 
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_ 

_ 

- 1 


4- 
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H pertussis 

1 

_ 
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_ 

_ 

- 

- 

C iiplitlicniic 

1 ++ 

-H- 

++ 

■H 


( 

++ 
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\ ^^PJciilc infUHlon ir 
n ppltnlc Inft 


SI VV "inlcnlc Jnfii ion i. u Mt 
n. ■ I'jf/Ti'AV”' u ppltnlc Infu Ion bclutin vUuuIn H in \\ 1 

r!_ , bttf infuJ<lon hclntln ly per c<nt xitu iln H lUf 1 

Wr cent niGl »\ litiei Inlualon RUittln 1 ptr rent \U»nmi U 


n in H si' i)li nle In 
I Infu in li. ir vltannn 
I 1 Infu i n g lutin 


Tiaiislois tioin cicli t}pc ot nicclmm woic ni hIi it nihivals of one iiul 
enchiU, thitc si\,ininc iiul twelve iiiontlis to dituniin' llicv wcie 

nudcfiom suspension in Uni„ei ’s solution fioiii thi ^louib in liu m ilcd stoicd 
luks ami also b> ducct ti insfu to bclcttivc media 

Additional studies on splenic medium weic m wU to di tciniine its v ilue us 
a ksc for blood i^^aL, Us alnlitj to suppoit ^lowtli ot the p UIhm iiif ( lostndi i 
and its use in pnniaiv isol ition of oioiuusms Koi tins piufiosc Petii disli 
i»hciK euUiiics of Sfi 1 ) Pncuvionxac Sit pyog(n<'* ( (hphthciuic 

and jV xnUacclluhiiis vscie niadt on pi 1111 spltnn sphnu blood u and 

pliiiii blood JaUi 111 oidei to compile »,iowtli iiid (olomil ch u ifteiistics 
Vitbo„eiiic clostridi 1, Cl hohilxxxxixn Cl iclnxn ind Cl xionji wcie „iown in 
deej) slnbs of splenic infusion i„iu and bioth to ditcunine wbulhei tiiese 
aicdiT, Would waiiant then use foi giowmj, maeiobcs Studies on siilemc 
uifu-sioii dp,ai weie mule to e\ iluatc Us use in piinui\ isoI ition of oioanisnis 
spmi, nasal w isbni^s, and Ihioat cultmes Muiooi^ misms so isolated 
"erosion,, on splenic infusion i„u ind \ ictines wcie jnepiicd tiom these 


iiKbiins 

Sir pi/oyciics w is found viiblc on all media except beef infusion ^^clutni 
(-cut plus \U Hum Bj Sii uutrfrtns was livnir, oa beet infusion „cla 
hii 15 pei cent iml licet nitusion »,clatm 15 pei tent plus vitiumn B,, and A7i 
“'dicnioiyijcu^ Has living on all tlie cuHiii il inedu at tiu end of one ind one lulf 
"loiuhs ^tr anhcinolytxcus was liviiio on all media and Sti pi/on(/cncs onl^ on 
splenic infusion i„ai both with md without vitimin B, at the end ol 
’»eUe mouths, wbueas Sij vxxidmis fuled to lemum dive lon„ei thin tliice 
J^^atlis at winch tune It was living oiilv on beef infusion r,cl itni 15 pci cent S<c 
nhic II 
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It amU be noted fioni these lesults that the stiain of Sti anhemohjtMi 
employed suivived on all types of media foi the entne peiiod of the eyperimern 
(twehe months) and that Sti pyogenes was mamtamed on splenic infuiiion 
agai ioi a peiiod of one jeai, but that Sti viiidms did not siiivne on an\ loiiii 
of splenic media 

Table n Suevwal Time op All Okganisms Tested on Splenic and on Beef Infcsios 

Medla at Various Intepvals 


OIvGAMSilS 









ilEDU 

LIMNG AT 


1 SPLENIC INFUSION 

MEDIA 

BEEP 

INiUSION 

LSD OP (ilO ) 

OrCANISM 
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— 



+ 
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The thiee stiains of D pneumoniae sniMved as IoIIoaa 


It 


the ci«' 


one and one half months, all stiains, Avith the exception of pnciono i 
beet nitusion gelatin 10 pei cent pins Aitamm Bi, weie alice on all me la 
end of SIX months, snivnml ivas leeoidcd on the splenic infusion * ’ 
on the splenic agai Ba' the end of nine months all cultiiies had die ^ 

C (hphtlienae Avas Aiable folloAiiiig stoiage on splenic 
lime months On the othei hand, similai ciiltuies on aiij of tie 
media tailed to suiviAe N iiiti acellulai is and iV goiionhoeae aaci^^ 
one and one half montlis on splenic agai Both of these or^-a ^ ^ 

icciuiie tiansfei-s cagia ioitA -eight to se\enty-tA\o houi on to d**-’ 

medium of choice foi then gioAAth Splenic medium A\as not com 
giOAAdh ot II peitub'iu, ox U influenzae 
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Alpha hemoljsis of St) tirt(Ia)is and D pneunionvir nnd beta hemolysis of 
Str pyogenes A\cie leadil} distiii^uisbible on splcin lilooil dcru Colonies of 
these oroanisnis on splenic blood ne,ai lai_oi th nj rlu iisinl pinpoint ones 
on plain blood agar, and the zone of bemohsis w ts inou h i(lil\ dLscemible 






I Intracelliiliiris 
plain '-loo;, a^ar 


1 

and hemohsis \\eic both marked ni less ilian t^\cnt\ tour hours Fig 
illustrates the excellent giouth of these organisms upon plain splenic and 
^picnic blood ngu, and the exceptional coloii’v gjoutli and hemohtic action of 
I** pyogenes on splenic blood agar conipaied with that upon plain blood agai 
® addition of blood to the splenic mediuni except foi detecting hemol'\ sis, 
‘its no particulai enhancement to the growth 
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The Clostridia weie gio\vn in deep stabs of splenic infusion agar and m 
splenic infusion bioth Giowdli was excellent and compared fa-\orabh i\ith that 
in siound beef medium oi broth to which steiile tissue had been added Black 
ening ot the agai and bioth occuired m deep strata of the medium m a manner 
similai to the blackening action in biain medium and gelatin as oidiiiaiiK oil 
soiled in ceitain of the anaeiobes 

The piotuse gionth on splenic infusion media ot the oiganisms studied 
except II peitiissis and H influenzae, has pioied excellent for primarj isolation 
and toi the preparation of ceitam bacteiial ■vaccines Plain splenic intusion agar 
iiiinishes suitable giowth foi laboratoii teaching 


SljinrXKY VND CONCLUSIONS 


Spleen infusion as a base foi agar has been used satisfactoiih foi maintain 
iiig clutuies of ceitam stiains of stieptoeocci, C diphthenae, N mtracellu lah, 
and N gonoiilioeae ovei peiiods of time in excess ot the usual limits for earn 
nig stock cultuies of these organisms 

Transfers for eaiiving stock cultures of most oT the fastidious oigamsnis 
ma'v be made at mteiials of one to two months oi longer, mstead of at iwe ' or 
shoitei intervals 


A uni-vereal medium such as splenic agai is easily prepared, 
subseciuent addition of body fluids, and eliminates the preparation o ^ 
media for growth of each type of the more fastidious organisms to be tu na 
Luxuriant giowth ot most ot the blood-loving organisms on this mi 
excels tliat on a selective medium in each instance Splenic medium 
excellent for piiniaiv isolation and the preparation ot bacterial vaccines 
intusion as a base foi bioth, agai, oi gelatin has been used suceessfu v »> i- 

loom work Pathogemc clostiidia grow well in these media 

No studies have been made to detemine what growth factor or 
be piesent in spleen Apparently the amino acids in the tU 

present, released duiing bacterial development, plus giowth 
splenic infusion provide excellent nutrient material No ^r*eLi'‘hw” 

IS gained through the addition of vitamin to splenic media 'ii^^toragc 
ot moistuie by the use of tightlv sealing plastic caps makes possi 
this medium for sev eral months 


1 

2 

1 

4 

5 
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AN IMPKOVED MOUNTING FOR THERMOCOUPLES FOR THE 
MEASUREMENT OP THE SURFACE TEMPERATURE OP THE BODI 

Edwvrd D PvLJirs, PuD , vnd Ciivrles R Puui., MD 
Four Knox, Ky 

INTRODUCTION 

T he intensity oi ladiation, nieasuied by a ladiometei, provides the best m 
doN of the tempeiatuie oi the outeimost suiiace oi the bkin The lacliometer 
IS an accuiate iiibtiumeut but is teclmieall 3 '' difficult to employ , it lequiies daily 
calibi atioii , the couieibioii oi eleetiic potentialb to tempeiatuie is lahouous, 
and an obseiiei oi tiaiiied subject must hold the instiument m position for 
each leading Theimoeoiiples, on the other hand, are technically easy to use, 
but give inacciuate measuiements oi suiiaee tempeiatuie This is the lesult 
oi the type of niouutiug emploj'ed When a naked theimal junction is use , 
readings are altected by' the tempeiatuie ot the ambrunt an, and firm contact 
between the junction and the skin is difficult to mamtain When the 
couple IS protected from the an by a covering, heat loss from the skin is luipe e 
and the leadings are too high The dilteience between sniiace tempeiature 
measuiements by theimoeouple and radiometer is geneiallv 1° to 3 0 


VPI VUAIUS 


A thermocouple mounting was developed which allowed the skm 


temperature to be deteiimued with much greater accuracy than piev 
This mounting (Pig 1) was made on a 1 bv' d inch rectangle ot copper 


lously 

■ffuidou 

screen (16 mesh, wire diameter 0 01 inch) Copper constantan 

wire"* was used, and kinking v\as prevented by plastic spaghetti u 

was retained to just beyond the iroint where the vires passed under 

and the insulated portion was lashed to the screen vith thread 

leads were twisted together and the junction, about one-half me 

was soldered to the under side ot the screen as indicated The piovile 

quite flexible except for the ends, which were dipped nr soft so ® (.jotli 

Ann connections for metal snap buttons Adjustable bauds o 

were attached to these buttons and held the mounting fiinilv ar,ai 


Surface temperature measuiemeiilb using these asbenih les ve 
with readings obtained bj' radiometer in tour different jud teW 

couples were fastened to the belly, chest, and tlughs oi urr ® by hot'* 

peiatuies on adjacent slun areas were determined sinin an 
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^ radiometer c 

— toiii])irl«on )f {iiiultancom tlicrmocouplc and radJoj letcr nieasurcnionta of surface 
temperatures. 

toeUioJs The resuhs aio shown 221 F 21 , 2 Tie bioken lines 011 eacli side of 
e central diagonal show the limits of variations of plus minus 1 C between 
c readings by each method and enclose 95 per cent of all measurements It 
"■as not possible to ineasiiro tenipeiature bv both methods simultaneousH on 
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exactly the same skm area, and, since the skin tempeiatuie may be appieeiablv 
difteient m immediately adjacent aieas, a bettei companson between the methods 
IS made by compaiing the aveiage of a senes of leadings Such ai erases are 
shown m Table I 


IhUUE I 

COMl MUSON 

ot TllEttMOCOUPLl 

AND ItAD'OMETlP 

RE.\1) NTS 

rooir 


1 AVEPAGE SDRPS.CE TESIPEllATOKE ] 


TEMPLR VTURE 

NUMBER OF 

(° 

c) 

DEFERENCE 

(° c) 

\ALUES ! 

[ fUFKMOCOUPLE 

1 UimOMETtl 

(“ c) 

29 

10 

34 9 

35 0 

-01 

32 

23 

34 2 

34 2 

00 

38 

24 

35 4 

35 0 

404 

43 

28 

371 

3b 5 

40 6 


The loom tempeiatuie still aftected the theiniocouple leadings slightly 
in the hot euMiouments The subjects neie sweating piotiiseh at these tern 
peiatuies, and the difference in leadings piesumablj resulted fiom impaired 
eiapoiation The agieement between ladiometei and theimocoiiple, hoiieier, 
was maikedly supeiioi undei tjiese cuciunstauces to the agieement nheii either 
naked, coveied, oi pailially eovcicd theimocouples with conventional mountings 
w'eie used The seieen mounting ahvays lemamed fiimly m plaee despite 
miisculai movement oi heavy sw'eating 


SUilM^UlY 

Theimocouples mounted on eoiipei A\indow screen weie designed foi the 
measuiement of the skin surface tempeiatiues ot human subjects In einirou 
meuts ranguig fioiii 29° to 43° C the aceiage delation of a senes of 
couple readings fiom a simultaneous senes of ladiometei leadings was 
in the coolest envnoiimeiit and only +0 6° C in the hottest fhe 
were easily constiucted , they always lemained finnly m place and weie q 
sturdy 

REFERENCE 

1 Hardy, J D The Eadiation of Heat Hrom the Human B°dy 

Some Methods of hleasuroinent, J Clm Investigation 13 huo ol , 


STUDIES OF PANCRE ITIC EUNCTIOiN 


IV A SlilPLIFIED ilETHOD FOR TflF DfTERMIN \TIO\ OP ^ERUM LiPAbE UsiNG 
•Vqueous Tribut\ri\ vbSuubxnvTE ith One IIi ndped Nor'\i\l 
V vLLLb uv This Mfthod 

NoRiUN P Goldstfin M D , Jeromf H Epstein BA. \nd 
J oshi H H Roe Ph I) 

AVvshiniton D ( 

IN 1913 Goldstein and Roe^ published a pioccdure loi cstmnting seium lipase 
I in ^hieh the conditions lor the eimmc action \\eie so impio\ed tint onh one 
hour s incubation at 37° C was necessan In tins piocedure the substrate was 
dispersed i\itli bile lu the digestion iniNtuie Vt tint time it i\as ohsei\ed that 
the substrate, tnbut 3 iJn could be satisfactoiih dispersed m an iqucous me 
(liuni since tributjnn is slightl\ soluble m ■water Piehminai\ eNpcnments 
re\ealed that if tiibutjnii is propeih homogenized in in aqueous buifeied di 
sestion mixture, it is split more rapidh b 3 blood serum than when it is emulsi 
fied with bile or bile salts It seemed desirable to tal e achintige of this obser 
^atlou since the end point of the titiitiou with the aqueous suspension is nioie 
easi]\ discerned and the difficult! ot piepiung and titntiii!? i bile emulsion 
eliminated 

Since prenous obser\ntions weie made with cat seium tlie source of the 
euzjTue It was felt that the cipenment should be lepeated UMiig the sera of 
human subjects We repeated this woil using the sen. of foui students all 
^Pparenth in good health The tribut\ i iiiase concentiation of each sample 
of serum was deteimnied in tliiee w*i>s (1) itsing the gbteiol bile emulsif-vmg 
SaCnt as reported in our previous paper (2) substituting 5 c c of distilled 
^ater for tlie ghcerol bile iui\tiue (3) omittuig the ghceiol bile and thus re 
ducing the volume of the digestion mi’xture bj 5 cubic centimeteis The results 
of this studj are recorded in Tabic I Oiu data shovw that human sera lespond 
m the same wav^ as cat seia to the omission of the gljcerolbilc emulsifjin^ 
reagent Tins studj also demonstrates that it is not necessary to substitute the 
distilled water for the glv cerol bde Tlie deteiminatious weie earned out under 
the conditions outlined in our previous papei ^ 

In order to be sine that tins difference in the measurement of tributv-nnase 
actuitj of human sera represented the limitations of bile and not a diffeience 
the hydrogen ion concentration of the digestion mixtures caused bj the 
presence or absence of bile it was necessaiv to determine the pH of the diges 
hon mixtures before and after hjdroljsis We earned out tins experiment 
a pH papei method * Tlie data presented in Table IT demonstrate th it 
fhe differences in hjdroljsis are not caused bj siguific int differences m the pH 
digestion mistiues 

Prom tho Department of Biochemists School of Me Heine George Washington Unhersll> 
for publication Ma> 1 1948 
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Table I Compuiison of Tribute rinase Activity oi Humav Ser.v With avd Wituodi 

Glycerol Bile 



1 SERUM 

digestion mixture 

i 

1 

2 

3 

4 

With glj cerol bile 
Substitution of 


45 

72 

37 

49 

135 

distilled ivater 
Omission of 


119 

Ibb 

115 

134 

glj cerol bile 


120 

172 

119 

Values are expressed as cubic 

ccntiinttcrs of 0 IX KOH per 

100 c c 

of serum (tnbutjri 

nase units) 






TABLL II iHot lllL illOLST 0\ 

MlXTlUlS Beioul anu 

\ntl! HlDFOLIblS 

DIGESTION MIXTURE 

1 

BEl-OPE niDROLYSIS 


1 AFTER HYDROLYSIS 

With gl\ cerol bile 



S4 


SO 

Substitution of distilled 

water 

S-1 


S 2 

S2 

Omission of gh cerol bile 


SI 



The new method developed with the nse ot an aqueous tubutMiu emulsion 
IS described below 


AIODIFlED AlETHOD lOR SERLM TRlBUTYKlN \SE DErERlIINAriON 

Reagents — 

Substiate Tnbutyrm * 

Buffet Dissolve 5 Gm of sodium diethjlbaibiturate in distilled 
and make up to 1 liter 

Calcium Acetate Solution 20 Gm ot calcium acetate, cliemicalh 
Ca(CH 3 COO) 2 H.O, aie dissolved m distilled watei and the solution is made 
up to 1 litei 

Alcohol-Ethet Inactivating Mixtute To 900 c c ot 95 pei cent ethyl alco- 
hol add 100 c c of ethei 

Inclicatoi Dissolve 1 Gm ot phenolphthalem in 100 c c of 95 per e 
alcohol , 

Standatcl Alkali A 0 05N solution of potassium hydioxide is ^ 

Piocedure — Pipette 0 75 c c of tiibutyim, 30 ec of the 
baibituiate solution, and 30 c c of the calcium acetate solution m o 
tacle of a hand homogeiiizei t and pass this mixtiue thiough the 
genizer thiee times Then pipette 20 c c poitions of the control 

test tubes, one the contiol and the othei the expeinnental ^ath at 

and expel imental tubes aie placed lu a constant temperature 
37° C , and when the emulsions have i cached this the 

serum is pipetted into the expei imental tube and mixed jg i cc of 

emulsion by means of a stining rod Aftei one hour of jg’inacti'at 

serum is pipetted mto the contiol tube and the enzyme in bot J' 100 
ed by pouring each mixtuie into a 250 cc Erlenmeyei titrated 

c c of the alcohol-ether mixtuie The contents of each , ^^.jialeiii as the 
with the standard potassium hydioxide solution, using p icri° 


•Eastman Kodak Company Rochester N T 
tSchaar and Company Chicago III 
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indicator, to the same sliade of Iin'lit but i i 

betwoeu the two titiat.on values is 1 measme n 

the serum In a^ieement with <.,• t ^ of lipase in 

ialue,wehaveevprerorou^ aes.y.atiu, blood 

100 ci of senm One li t “ oom, utiat.on of e.mjme pei 

catalyze the hydrolvs^ I trl t "™ " “““ ^ill 

m one hour at 37» n ot 1 c e of 0 IN fatty acid 

Hour at 37 C uitli the reagcuts and conditions as dcsciabed 

TAeon III ELrornoMarRm Tixinmov oi Slc™ TaiDoTvimssc CoucrsTr.T.OK 
- (Radbit Serou) 


SEUDir 

Control 

Expenmcntal 


pH AT POINT 
OP 

inactivation 


D bO 
9 35 



0 0 j Kon 

Tl IBUTYRIN \SE 

1 fr c ) 1 

UNITS 

)l 

3 ( ] 

' 55 ' 


accurately as alll ! the t.tiaiion cmi he . ii.ied out more 

calomel -Ls eleetrod ‘“'’f ol t Peel man 

stirrer VO^ sit “I*' « 2 ) in conjunctum with au elect.ie 

end point is at nH titration In the ehetiumetiu titration the 

Pbthalemtitrat.on coiresponds to the end point of the phenol 

Pbeiiolphthalein tm ^ ^'^eience in the hydiogeii ion ron, entiations at which 
an alcohol etho,. T ' "* aqueous solution (pll s 3) ns compared with 
ether niiTtd duo to the suppression of ionization in the alcohol 

serum tnn, t example of the eleetrometiio tiliatinn foi determinin. 

u iriDutyrinase coucontration is piesented in Table III 

SEKUlt TniDUTlBINlSB CONCENTn \TION IN ONE HUNDHED NORMAI 
HUMVN SUBJECTS 

centratmn ^s outlined wo have deteimiiied the tnbiityrinase con 

Seaduate sti,ri„„! huiidied poisons including medical students, 

®en and frm t tnnultj members The group consisted of eighty si\ 

'nned rou ill apparently m good health The ages of the group 

the 20 to years, with the majonty of the group being in 

® the Post , ^affe All of the samples of blood except seven weie diawn 
tcrence m tl state, evidence at this time indicates no significant dif 

Th ^ serum tributyrinase before and after meals 

l>ealthj°sH'*^ study of serum tributyrinase levels in one bundled 

P'eap was graplucally shown in Pig 1 The lowest value of this 

ftuiase u tributyrinase units, while the highest coiicoutiation was 246 tnbu 
■nbutyrm"'* ^ '^'liere were only tliiee samples of seium with values below 100 
icrum w tl t“'ts, then there was a sharp rise in the number of samples of 
clIoKedh ranging fiom 100 to 180 tributy iiuase units Tins was 

'rer iso ^ ^ ®bai-p fall m the numbei of samples (nine) of scrum with values 
'Tinase Thus 88 pei cent of the samples of seium showed a tiibii 

beso val t“ units Fmther analysis of 

OOo T the mean normal to be 146 26 the standard deviation to be 

’ tile standard erroi to be 3 01 
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Allah SIS ol tlie ^ dines of seium tiibutyiiiidse when the samples iieie 
dnidecl as to the se\ of the douoi gues one the impiession that the seuim 
tiibut'siiiidse of A\omeu is decidedly lowei than that of ineii Fig 1 poitra}s 
this giaphicalh It is leadih obseived that the majoiitj ot female laluesfall 
between 100 and 150 units, the mean noinnal loi the female gioup i\as 12114, 
the standaid deviation 19 11, and the standaid eiioi 511 When the male 
gionp IS analyzed it is seen that the inaioiitv ot values fall betveeii 100 and 



Tributyrlnaae Units 

1 — Distiibution of serum tilbuUrinasc \alue', of o*’® m 

jects height of the colun n represents the totiil number of subjects 

the number of A\omen and the difference bet^^een the two Uie number of men 


ISO units, the mean noiinal foi the male gioup vas 150 42, the standaid d 
tion 29 45, and the standaid eiioi 318 In spite of the 
between the nuinbei of samples ot seium fioin men (eighty siv) an 
women (fouiteeu), the diffeience between the seium ayajysis 

the two sexes is found to be significant when subjected to ^jjgiefore 

using the method of the ditteienee between two means (t = ’ 


P •< 0 01) fiducial 

Utibzmg tlie data fuithei, it can be obseived that the 5 from 

limits foi the one hmidied deteiminatious of seium tiibutyiinase 

. p j-bol- mil llOimui 

hmit 


With 
coim«” 


86 55 to 205 97 units In geneial it may be infeiied that oui 
inoie loughlv will haie 85 as the lowei limit and 205 as the 
this lange, 97 pei cent of the samples of seium have a tii uj 
tiation that can he consideied to be within noimal limits, pe 
the lowei limit, and 2 pei cent are above the nppei hmit 



STLOrKS OS' PtNCKE.vTIC iLNCTlOS 


1051 


SUirMAR\ 

A uiodificafJon of (iic seium tiibutMiinse inefliocl eijiniintui^ the Ui>e of 
bile or bile salts, has been cle\ eloped 

The final step in the pioecdure the titiation of tiie fatt\ acid unj be 
earned out either ^Mth phenoiphthalem as the nulicitoi oi electioiuetiicall^ 

The serum tiibutMinase lc\el of out huudied noriml subjects his been 
detemmed 

The range of UibutMinase \alues toi the male subjects A\as bi^hci tJno 
that of the female group 

The uoniial zaiige of seium tiibiitMiinse !e\els was found to ^ in iium 
to 20o mnts 


nEFEHE^CE.S 

I Goldstejji, % p anJ Koe J Stuilies of Pancrexilic Fun tion I The Determixiatioji 

of the LipiUolytic Enzjmes of Blood Serum J L\d ^ ( us 'Ued 28 lloS 194v* 
'Jaedecor, G Statistical Methods \pplied to Esptnuients in \g,ricultur anl Bio o^v 

ed 4, \,nies la 19-lu The Collegi vte Press Inc 



A CLINICAL METHOD FOR TUB DETERMINATION OP HUJUN 
ALBUMIN BY JEBANS OP A PRECIPITIN REACTION 

B \C0N" P Chow, Pii D , P Homburglk, M D , Shirlei DeBi^se, v^u 
]\IVR\ L PtTLUWVNN, Ph D 
New Brunswick, N J 

T he need ioi a lapid and accmale method ioi the estimatiou ot human al 
bumin in seiinn oi othei hodj fluids in the loutine elmical laboiatoiy has 
lono been felt Among those available methods® which might be adapted to 
such a pnipose aie the salt fiactioiiation method ot Hoi\e,‘ the methanol pre 
cipitation method ot Pillemci and Hutchinson,- the inmiunologic method, and 
clcctiophoietic anah&is with the Tiselius appaiatus'* Athough several modifi 
cations'' " ha\e been intioduced into Howe’s ougnial technique,, no pioce 
duie which peimits a cleai-tut sepaiation ot albumin and globiihiis has let 
been devised The chiet puipose of oui studies is to denioiistiate that the pie 
cipitin method yields lesults which appioach the acciuac} of eleetiop oie it 
analysis, the geneialh accepted standaid, and excels the othei met o s m 
speed, accuiacj, and the saving of laboi Puitheimoic it peimits an 
deteinunation ot albumin piesent ui body fluids in an amount too sraa o 
deteiniined bv am othei means The icsults to be lepoited ni this coninium 
tion were collected toi a peiiod of moic than a jeai tiom loutiue an jses 
the laboi atones of the Squibb Institute toi j\Iedical Reseaieh an le 

Ketteimg Institute foi Cancel Rcseaicli tlatthe 

The piinciple of tlie imnuuiologic method is based on the fin Ua 
tuibidity piodiiced as a lesult of the leaction between human a 
homologous labbit autiseiuiu can be used as a ineasuie of the piecq 

piesent ^ tlie 

The method for the piepaiation of the human albumin an j 

protocol foi the immunization of rabbits have been given m a 
A few modifications which have been introduced into the pioce ^ 
albumin deter mniation are described in detail here, and the lesu s ° 
of albumin determinations made by the most widely used chemica 
been included for compaiison 


_Eachpool 

Standai (hzation of Pooled Antiliuman-Alhuinin Rdbhit ^^ibiditv 

of antihuman-albumin rabbit sera was standardized by measuinio 

From the Division of Protein Chemistry The Snui^ Institute^o^r^M tin. 
Brunswick N J and the Sloan-Ketterlng Institute for Cancer dancer 

This studj was aided in part by grants from tte the fncorpohi*^ 

National Institute of Health United States Public Health Serv M ygyn^ation » 

Fund the Finney Howell Foundation Baltimore JId and me ..rminaC'”’ 

NewVork NY n distance in the Ce«riniectr“ 

The authors are indebted to Miss Lois Hall for teehni^ Gottlieb for making 
of albumin bj the immunologic method and to Mrs Barbara 

phoretic analysis inJ 

Received for publication May 17 1948 t n of oui data was s 

•The method of Milne” was published after tlie collec lo 
therefore was not included in this series 
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of the immune pieeipitate produced bj the addition of knouii amounts of 
hiunau albumin (ranging fioni 5 to 50 /ig of albumin nitio^en) to a snfSeient 
amount of antiseiuni (2 0 ml ) to insiiie an c\cess ot antibodi Thus 1 pei cent 
hum™ albumin solution coiitainnig 1 474 m„ nitio„cn pel millilitci In Kieldalil 
analysis « is piepiied In dissohing 10 Gin ot elLctioplioietUdlh homogeneous 
human albmnin in iboiit 50 ml of 0 85 pei cent NaCl solution This solution 
was neutralized ivitli enough sodium bicarbonate ( ippiosimatelj 25 mg ) to 
bnng the pH of the solution to 7 6 and then made up to a \ olume of 100 miUi 
liters The stock albumin solution was 1 ept ni the icebo\ as the standard 
t vmol was added as the preservative In older to standardize a batch of 
pooled sera, the standard albuimn solution was further diluted quantitatively 
to the following eoncentiations e\piesscd in mieiOorams ol albumin mtrogen 
per miUilitci 2 95, 5 90 7 37, 8 84 10 32 11 79 14 74 17 b9 20 G4 and 29 48 
wo milliliters of each of these albumin solutions were added to a senes of 
ett Summerson tubes contaming 1 0 ml of 0 8o i tr cent saline solution Two 
® ters of the rabbit immune seium were then added to all the tubes The 
reaction was aUowed to proceed at room tempeiature foi it least thiitj nunutes, 
an the turbiditj of the immune piecipitates* was meisiucd it i ware length ot 
- nulhmicrons A solution containing 2 0 ml of the antiM rmn and 3 0 ml 
a 85 per cent NaCl solution was used as a blank Uudti Ihrsi evperimental 
costtitions the antibodj in the antiserum was present ni such a laige e'toess 
at the unmune precipitate did not flocculate as large ag^u^ates A uniform 
suspension with constant and reproducible tuibiditv leadings was obtained by 
Sau e stirrmg The turbidity readings which reached a masimum within 
'r y mmutes were then plotted against the micrograms ol human albumm 
nitrogen added. Fig i 

Determmation of Albumin in Unman Seium or Plasma — One half miUibter 
° serum or plasma was diluted to 100 ml with 0 85 pei cent sodium 

a onde solution, and this solution was used for the detei mmation of the total 
tr ro„cn by the micro Kjeldahl mctliodt and for the deteniimation of albumin 
concentration One millilitei of tins solution uas pipetted into two Klett Sum 
person tubes eacli containing 2 0 ml of 0 85 per cent sodium clilonde solution 

duplicate determinations Two milliliters of the standardized antiserum 
added to each tube The contents in the tubes weie allowed to stand at 
ivith thirty nunutes or longei, and the tuibiditj was measured 

^ a Kdett Summerson photoelectric colorimeter against a contiol tube con 
2 0 ml of antiserum and 3 0 ml of the saline solution This procedure 
armits a technician to complete at least fifU albumin deterramations in one 
woikmg day 


albumin serum was used the immune precipitate was centrl 
^ched to minutes and the supernatant was removed b> suction ^ ith a fine capillarj at 
^ normal ^nii bein^ taken pot to remove any Immune precipitate. Then 5 0 ml 

‘■cadineo solution -nere added to suspend the immune precipitates and the turbiditj 

03 were measured. 

^ total"nrAtI? accumulated our data, Jt has been found cquallj accurate to determine 

Jlnum concentration bj measuring the turbldltj produced by 2 0 ml of the diluted 

yichloroacpMV 3 0 ml Of 6 per cent trichloroacetic acid solution The turbidity of tJie 
precipitate bears a quantitative relationship with the total protein ni 
ueiermlned by the KJeldahl method 
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Calculation — The pci cent ot the total lutiogen m the sample pieseut as 
albumin nitiogen (see Table I) was taleulatecl as tollows One can estimate 
the amount ot human albumin (C) coiiesjioncling to the tnibiditi leadings (B) 
liom the stanclaicl cui\e (Fig 1) lEultiphing C bj the seiuni dilution (A) 



DETER3II^ VTIO>. Ot HUM VN VLBU'MIX B\ I RI 


CIl ITIN RL VCTION 1055 


Tablf I The Cvlcdlation of IIumav Vlbumiv Covchvri \tio\ Trofit the Tleeiditi 

Readivcs 




0 



VLBUMIV 


B 

NITTOCEV 


TuramiTT 

PET SVMPLE 

dilutiov 

TESDINGS 



1 400 
1 100 
1 200 
1 100 
1 200 


02 

I'lQ 

87 

lOo 

o9 



of total nitio^ui as albumin intto^ui The usiilts of tiu r ilnihtiou of time 
wmple') of seia contuniiip, diffeicnt pCKLiifuts ot iliMiiinn no m Tnble 
1 for illustntioii 


The results of the aiiahsis foi luinuii sci t oj pi ism i ilbumm In tliftcient 
methods ire piesented m Tabic IT The dm an in in,ul i.(oulin„ to tlu 
number of anal^ses c\picssed in pei rent ^^hIe]l nithiii ceitain 

units the tlectiotihoietio anahsts Tho\ (Kmoiisti it tint o\t] half (58 
percent) of tlic simples aiiihzcd b\ tlic iiniiiuiiolo-,]( method i^iced uithiii 

Table ir Results of the Determivitiov ot llniiw 4.TmiriN rs DiPtcnEST "Methods 
>ged According to the De\utio\s Frov the FitcTiniiiuPiTir \,n\lssis 
(TAKEN \S 100 1 ET Cl \T) 


r^^0EOF UlREEMFNT* 

- (%) I 

0 5 
010 
015 
0 20 
0 30 
0 45 
0 55 
0 65 

— 0 <6 

ToSnuSterjf sampler 

-__5Ml>zea 


\GREEltEVT (%) BETWEEN FLCCTPOJ JlORETIt \I3l MW VND THAT 
DFTtI MINED B\ 


prEciPiTW RP\mov [svli fi venoNmost | 


MHIHANOL 

I RrrrpiT vtion { 


44 

58 

76 

91 

9S 

ino 

100 

100 

100 


0 
0 
0 
5 
in 
( 4 
90 
9o 
100 


lo 

24 

S 

47 

68 

f) 

100 

100 

100 


144 


J’pbsls of aareenient the flfturcs obtained for albumin b> the tlcctroplioretlc 

'Vitiate bufPpr r.r I . 00 per cent The c anul)scs were dono in \cronil or \eronal 
tTho w ^ ° strengUi 0 10 and pll 8 6 

tThe niethod* as niodiflcd bj Koblnson and co ^Norlccr'? was used 

•*bout 1 Q Pitatlon and flitratlon of tlio precipitates were perfonned in un Ico batli at 

9l thicc lolutlih (76 jici cent) a„ieed witliin 15 pci tent ind 

other! Ucieed nithm 20 pci cent of the clectiophoretie albumin On the 
of tlie lesults obtained bs the salt fnctionation method a-,iced 
oent 5 pei cent of the saniplt^ igiecd -within 20 per cent and 
Siiml ic?iccd Mitliin 30 pei cent of tlic electiophoietie allmmin 

the distiibution of the agieement between tlie clectiophoretie and 
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the alcoJiol piecipitation metliods^ was as loUows 24 pei cent of the aualjses 
was within 10 pei cent and 3S pei cent w'as within 15 per cent of the electro 
phoietic albumin The data theiefoie indicate that the loutme detennination 
of albumin by the immunologic method appioaehes the accuracy of the eleetio 
phoietic analysis In the present compaiative study the electiophoietic albunim 
nas assumed to be coiieet and theiefoie assigned as 100 pei cent This assump 
tion wms not totally justified since seveial eirois, as pointed out by Peteimann 
and eo-woikeis,^ aie inlieient in the electiophoietic technique Howeier the 
cumulate e eiioi may amount to only a few per cent 

The analytic results also were grouped according to the pei cent of electro 
phoietic albumin present in the sera Within each group the agieemeut between 
analysis by the electiophoietic and other methods is leeoided (see Table III), 
the figures obtained by the fonnei method were taken as 100 pei cent The 
data dcmonstiate that the immunologic results agreed within a few pei cent 
of the electiophoietic albumin for sera ranging from 20 pei cent (hypoalhu 
minemic sera) to 60 per cent (normal sera) of the total serum proteins In 
other wolds, this method is applicable equally to seieiely h\ poaibummemic sera 


TIBLE nr COMPAPISON OF AnvLYTIC RESULTS OP Huiiw Albomv IN Seea CosiriNr'C 
Different Amounts of DLECTROPnORETic Albumin (Tvken \s 100 Per Cem) 
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Table lY, show that tlie injection of albumin biou^ht about (1) an inciease in 
total circulating plasma piotoins fioni 16S to 217 Gni an inciease of 49 Gm , 
and (2) an ineieasc ot albumin fiom 98 to 168 C m an mciease of 65 grains 
The peiceiitage of albumin \ias laised fiom 58 to 75 pci cent These elleots 
Mere demonstrable on the 3Vi boui samples IIoHCiei twenti foiii liouis after 
mjeetion the total plasma proteins but not the albumin diopped to the piem 
jection level thus the per cent of albumin m the total scium pioteins lemained 
practically unchanged When these studies vvcie evtendej to othci tvpes of 


TaBLF IV DlS VPPE-AllAN CE OP VLBUMIN VPTER AV IvTR-VVENODS InJECTIOV OF 75 
Gif OP Hdm\n \lbumin 


TIME VFTET INJECTION I 

(iirw) 1 

TOP 
(CM ) 

1 ( rat 1 i 

AIBUMIV 

(%) 

0 

1681 

1 


3 Vi. 

210 8 

10- t 

IJ 

5 

230 7 

10 > 

(‘> 

7% 

190 8 

140 0 

<1 

13 Vi 

215 0 

1 5 1 

7^ 

21 

109 9 

— 

— 

24 H 

173 6 

1 1 

71 


TCP Total circulating plasma proteins 
T C V. Total clrculatlnff albumin 

tile calculation ot proteins In circulation the plasn a cUiti m i 1 teimmed b> the 
method or Gregersen 


cases the lates of disappearance of albumm weie found to \an liom one patient 
to aiiothei It is to be empliasized thciofoic that tin dita jne^tuted in Tabic 
IV serve only to illustiate the usefulness of the piceipitin method and not to 
demonsti’ate the rapid disappcaianee of albuimn following ilhunim tiaiisfusion 
Other applications of the immunologic method ma\ include the estimation of 
the albuinm in the urine of nepluotic patients and the determination of albumm 
^ the ceiebrospinal fluid The possible diagnostic signiflcance of the latter 
determination was pointed out lu the preliminar\ note of Kabat® and associates 

DISCUSSION 

In this communication we have piescuted the analytic data obtained b} 
several methods for the determination of human albumin in serum oi plasma 
I^dte other investigatoi*s, we found that the salt fiaetionation pioccduie gave 
Ihe least leliable results particulaily with plasma fiom hypoalburainemic pa 
tients and that the methanol method is an improvement over the salt fiae 
honation procedure However, Bock*® concluded from Jus stud^i that the am 
™onium sulfate method jielded essentially the same results as the alcohol method 
I he immunologic method was found to jield lesults which agieed well with the 
electrophoietic albumm, regardless of its concentration Besides being aci mate 
fast, the immunologic method leftuues much less material for eaeh test 
aiid therefore permits the estimation of albumin in sucli pii-v siologic fluids as 
^puial fluid and urme 

1*1 a preUnimai-y note, ICabat® and collaboiatoi-s repoited an iramunochemi 
estimation of albumin Their procedure was verj similar to that published 
one of us^ except that the quantity of immune precipitate was measuied bv 
^^Jeldahl analysis instead of by turbidity We found that the turbiditi> metliod 
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IS not onh lapicl and time saving but also gives lesults vliicli aie sufficieuth 
dcciiiate toi a clinical method It avoids the sepaiation of the inimune piotem 
iiom the othei pioteins in the seia and the pieliminaij vashmgs whieli aie 
leqiiiied by the Kjeldahl deteiminations 

SUJIMAllV 

The lesults of loutinc estimation o± human albumin by diffeient methods 
iveie compaied It Mas iound that the immunologic method appealed to he 
siipeiioi to the chemical methods and gave leliable icsiilts vitli seia containing 
diifeient amounts of albumin Because of tlie minute c|uantiti of albiimm re 
ciuiied ioi eacli anahsis and the specificity of the test, the imimmologic method 
also has been found useful to estipiatc the cxcietion of albiinim in the iiime 
of nephiotie iiatients and to dcteimine the amount of albumin in the spinal 
fluid 
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IMRODUCTION 


T HL evdliution ot the lolc of in^ustccl toods in the niotliutuni ot iliLir,i(. 

Mmptonis lb difficult and piescnt inclluxK ol ipfiioHli lu tu<iiientl\ 
imsdtistacton It is \\ell established tint the nsu il (iitdiuoiis and in 
tratutdiicous tests with iood dlln^uis ire ol jittli pintuil ^ diu in this 
rCr^ard toi it is oouerall} aoictd that posilnt dm itsts do not iuffcssaiil> 
indicate clinical sellsltlvlt^ ® It is ciiu dl\ ippnmt tint opinifii u„iidin^ 
the incidence and impoitance ot foods as alki^tiis iius i idoh 

One of the basic piinciplcs used both m the Imnnsis ind tuatineiit 
of allergic disease is that removal ot the jntunt liom tin ilUmlim allcicfcn 
IS tollowcd bv leiuission ot the symptoms whuh usiiit{d lorn fh csposinc 
ly that illeioeii Theietoie it the svmptoms ol wlinli in\ [ tiiint tomidnns 
aie due piinidiilv to in„ested dllci^eiis iml it said piluii^ < m U in iintuiued 
on an intake lice of offcudiu„ agents the svmptoms s|i ml 1 di ipi tai Tins 
thesis IS the basis ±oi the use of most lotatiom] md < iiniinitJou diets 
PurthemiorG, if patients could be maintained upon i nufiKut i)updiation to 
'vhiLh thej could not become sensitized the ([ucstion as 1 j vhetliei oi not 
food factors are iniportaiit ctiologicalh in the piodiution ot s\inj»tonis in aii\ 
!^^^en case could be aiisweicd finalh and dceisivelv in a shoii timt In an 
effort to take advantage ot these piuiciples v inous niitinnt piciMi itions of 
lou dilei^jcnic potential have been used pievioiislv HdP used Vnufjen 
ni Loinhination with De\trimaItose olive oil airowmot stnch bievveis veast 
‘^nd vaiious miiieials as a substitute food loi nidi sensitive intants with 
cutma The proteins and ammo acids weit assumed to be non'illerf,cnie and 
the authoi noted that the preparation was ner,ative upon si m test in patients 
uith a positive skin reiction foi casein In tlmtj si\ patients to whom 
this piepaiation was given nineteen bad a satisf icton lesiilt that is the 
food ivas well taken, the eczema impiovcd and theie was weight gam In 
aint patients the piocedme was imsatisfactoiv and m the lemamino cises 
*^ults weie inconclusive Hampton* usetl a similar pieparitioii foi two 
patients witli pmpma and obtained leliel ot svmptomH m both Olmsted 
Harfoid and Hampton^** i-epoiUd the use of an enzvmatic casern digest m 
‘-ombiiiatioii with a fat (com, oh\e oi cottonseed oil) de\tiose mmenls and 
oClatin for nine patients with vaiious alki^ic disoidets \ftei i seven dav 
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liicil ot the diet, lhe\ included 01 excluded loods as ctioloj'ical tactoix 111 tin. 
pioductioii ot symptolu^^ (!l\iin-“ mentioned the use ol pioteiii hydiolysate 
in iniants with seveie eczema, and stated that 50 pei cent ot Ins paticnb 
impioved 

With such a backgiound in mind, numcious patients have been inamtdined 
on sMithetic diets at the Unueisity Hospital in an cftoit to evaluate nion 
detiniteh the lolc ot ingested allcigens in the pioduction ol alleigic symptoms 


MPTHOD Ot SHIDX 

feevcril foniiuhs ueio used 111 the study ot tlie uses uIulIi wdl be enumeratLsl 
lielou The farst prepiuation used was Amigen, the pancreatic hydrolysate of casein, 77 per 
leut of winch was in the form of simple amino acids ind 23 per cent as short i. am 
polypeptides Pork or sheepi pincieas was used for the enzymatic digestion 0 
the known essential amino acids were present m the product, 150 Gin of wliici containe 
two thirds of the duly nuneral requirement eveept for mignesium and potassium 
gieat volume of work has been done on the oral and parcntoril idministration 0 
and other protein hydrolysates It appears to hiue been established that Aniigen 
not sensitize laboiatory animals to subsequent injections of skimmed milk, pancre 
extiaet, or Amigen itself, 0 , 18 , 2 - tint protein hydrolysites are absorbed from tie Sas 
intestinal tiact following oral administration, as and that excess imounts of m logen 
not recovered from either uiino or stool following oral or parenteral adnumstra 10 m ^ 
Amigen was prepared for serving by dissolving 100 Gm of the powder m 
hot water to which 225 Gm of cane sugar were idded This was 
ice ill four equal portions at regular intervals throughout the day The mex ure 
1,200 caloiies and the equivalent of 75 Gm of protein A greater 1“*'° 
occasionalh used if it was thought advisable to keep the intake at higier ^ 
Some patients piefeired Amigen lud water without added sugar In ,, 

specified amount of c irbohydrate was eaten separately ns desired during ^ 
of the dav Moie recently, in some cases Protolysate* has been used m leu 
The only essential differences between the two was that the enzyiuitic ac ivi y 
the pioduction ot Piotolysate was derived from fish caeca a® 

The second formula used contained Amigen in combination with 
olive oil t A third prep ir itiou consisted ot Amigen, dextrose, and cert uu sym le ic 
The general composition and caloric equivalents of each of these preparations 
piled m Table I 

T VBLE I 


CAUBO 

PIIOTEIN UV DRATE 


caloues 

PER LrrEB_ 

liiT 


lORMULA I COMENTb | (.UW ) | j ! j jQJ 

1 Amigen (or Protolysite) lOOGni 75 2-5 ^ 

Cane sugai 225Gm 

Water to make 1,000c c So < ^ 

2 Mead Johnson No 2J2 jSIGm U7 5 2oU 

Watei to make l,OO0cc ^ IV'- 

J Mead Johnson No 211 jSIGm 01 dol — 

Water to m ike l,000c c ^ 

‘Mead Johnson &. Conn any „er cent “'"V “1* otW 

fMead-Johnson Laboiatory Product #232 cluconate ^ 61 poll*! W'l' 

pel cent Xmlgen 20 per cent starch 10 39 per cent phosphate riboP®' " 

mineral salts and \ itamins 3 32 per cent (monobisic P° i,,„, oxide thlani 
phosnhate calcium hy dioxide potassium chloride magne .ooanrcent 

niacinamide) ’ ^ Vniisen 1“ L/ dibasjC 

JMead-Johnson Laboratory Product #211 dextrose 7i 86 P p^lciuni cjrbo ascorbic 
othei mineral salts and \ itamins 3 1a per cent (sodium vjl, , (hlani n rlbofl 
calcium phosphate dibasic potassium phos-hate ferrous su 
acid citric acid) 
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All pitienta had a complete studj which included history f,eainl plusical eiamination 
md routine laboratory work (‘lerologj chest x rav, unnali la tompleti blood count) An 
allergic survey folloued which included nu allergic hi ton toinjl'^to utancous and mtra 
cutaneous akin testa in, rao^t cases, and other studiis (vitil ciiucifv oitologv of exudates) 
if indicated Before starting a patient on a trial of t-yailhotu lief the possibility of 
allergic symptoms arising from causes other than iiigestant was ovcliule<l insofar as 
possible by the followang practices 

(1) period of adjustment m the hospital (foui to si\ divs) was completed to 
permit clearing of any symptoms which might have be n fli n olt of euvirmimental factors 
(5) An anti dust jiinn was instituted in forty ot fht nttv one isp Among tJie 
other patients there was neither clinical story nor itiie km te t to sugj,eat dii t 
sensitivity, and symptoms were those most unusuallv due to li r tllergi 

Acute or chronic, active respiraforv mfeifion if pie enr « is treifed In rfiemo 
therapy and/or antibiotics until maximal respon e wn ol Inin 1 

(4) Pollen sensitive patients were not evaluate I on svntlicti liets Junug the specific 
pollen season 

Finally two other precautions were observed lu rlu eff it ( i imri ze mftrfercnce witli 
the trial of diet 

(1) Symptomatic management was simpbfied as mu h i pcs 1 lo o tli it the re ult of 
diet coahl be more readily evaluated For instan<e vlT rt was u t) ontrol astiima 
with but one aymptomatic drug, so that the nunibcr of Icpe dv erved na a 

fonveaient measure of response 

(*’) Collateral therapy was eliminated during tins period if pi sild Djjs was frequenth 
difficult particularly m tlie case of diffuse ciitaneou b c t&e 

If the program of synthetic diet was initiated patitnt"* wci minai,?! thereafter 
fts follows Diet was continued for a period of ten diva is a gem i li lule If there was 
definite remission of symptoms before the ttn days hid elapsed snnutimp^ the rour->e 
was shortened if there was equivocal response at the end of ton dav* the diet octa sonnlly 
was continued for a longer time If there was no ^vmiptomatic respon e whatsoever m the 
t^n (lajg time, dietary management of the patient vvas abandoned and food allerp,y was 
idered a mgat imlikelj etiology for the patient s complaints 
'Vhen patients showed a definite remission of symptoms upon tho svnthetic diet one 
wf two courses was followed Single food additions could lie mad© at three or four day 
'Qtervala if the purpose was to identify single allergens In such foodi held in 

<^'nical suspect were added imtmllj If, however, the patient s clinical condition noce-^sitated 
more rapid return to an adequate natural diet, food additions were multiple, m groups of 
to four, and foods thought to be innocuous were added fir'll Factors winch conditioned 
dwi'^jon were tlie clinical condition of the patient the 'severity of prior symptomatology, 
t 0 ddFiflibility of reprecipitating it- 

CASE SELECTIO^ 

patients selected foi tiial of diet in this study wtie expcncnciiin daih 
‘‘'taptoms of an incapacitating iiatuie They all had been sun eyed as 
Pfeviously described and if symptoms pei-sisted whicli weie thouglit possibly 
^obe allergje in oiigm syntlietic formulas weic advised to aid in tht- evaluation 
*’1 Ihe role of ingesfants in the pioductioii of their symptoms Tims in main 
‘^''taiices the iirogram was used because mlialant and drug alleigens bad 
been reasonably excluded and symptoms had pei-sistecl Despite case selection 
> a method which had few positive criteria the number of patients for whom 
® program was advised did not increase lapidlv In 1946 1947 over an 
month penod tliere weie but fifty one such inst iiices Final diagnosis 
^ ^hese cases have been tabulated m Table II 
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Table II 


Perennial rhiniti'i 

1 

Bronchial asthm i 

2b 

Bronchiectasis* 

1 

Emphysema* 

2 

Chronic urtic iria 

2 

Atopic eczema 

7 

Cliromc ulceiative colitis 

O 

Cephalalgia 

2 

Allergic ( olitis 

1 

Vascular allergi 

1 

Chronic con]unctisitis 

1 

Erjtlioma multiformc 

1 

Ulcerative stomatitis 

1 

Periarteritis nodosa 

1 

Disseminated lupus! 

1 

Total 

51 


• Ldmutmt diagnosis was bionchtul abtliina 

fDischaige dl ignosis unceitain dlbscinlnatcd lupus considered the most likelj Biop«) 
not conclusive 


Multiple duignoses wcie the rule in most cases, lefleotinir the I'cll 
knoMii teiideiKv ioi alleiftic disease to affect moie than one oigan sisteni, 
but the piedominatinfr sMuptom-compleN was used ioi the purpose of the 
cldssifieation in Table II It should be eniphasi/ed that of the fifb one 
jiatients jnil on the s\nthetic diets, foit>-eiiiht sieie hospitahml 


OBSERVATIONS 

No diagnostic oi thoiaiieutic measuie is ot geneial value, howevei aeiiuaU 
01 beneficial it iiiav be, unless it can be applied icadih to most patients <>■ 
whom it ma\ be indicated It must, theieioie, be admitted that ticse 
loimulas neie almost luiiioiinly distastetul to patients, and those on syiitieic 
diet piogianis leciuiied complete eNplanation iiiitialh ‘‘^^d continued inan 
suppoit thioughout the tiial peiiod In oiii CNpeiience, no one ot 
foimulas was definitelj moie acceptable than any one ot the othei's 
evei, against the initial objection on the pait ot most patients stains 
fact that ot the fiftv-oiie to uhom the diet was offeied, all but thiee 
the trial Ot the tliiee patients letusing to continue the piogiam a 
initial meal, one had a lague cephalalgia latei diagnosed as a 
piobleni by the psychiatiic eoiisultaiit, one liad an eerema eventua \ 
as neuiodcimatitis 1 h the deimatologist, and one had bronchial as i 
model ate se\erit\ , 

1 / ■» /ImnllCtl (lUfi^^n 

Foul othei patients developed nausea, vomiting, ancf/oi pio'nam 

the eouise of the tiial peiiod which necessitated inteiiuption ot m 
All foul ot these patients developed then symptoms on, oi s in 
the seventh das In the lecoids ot nine othei patients theie wji 
slight nausea and voniiting, the occasional retusal of a eec uin, 
diaiihea The piogiam was completed in all the lattei instances 

A second geneial aspect of the situation to which 
dneeted was the oiei all effect ot these toimiilas upon the patients dp,,, 

and lotational dieting base been iighttully eiitici/ecl b} some i 
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use frequenth leads to iiiade(iunt(, mtdes and depkted luitiitioiial stites 
Smte tilt tnal peiiod u is a shoit one, Utei conipktion ()t wliicli tftort 
made to lestoic an idequite, balanced iiital t to the pitKOt it was not ielt 
that the tiial would piecipitatc defiutnt^ stitts t doiit intake was keiit 
at 1,200 caloiies oi abo\e In thiiU Lijit mstuiucs wheie Ihcic was adequate 
and accuiate leeoi’d of bodj wei^^lit, twtnt\ si\ jiaticiits lu^t an aieiage of 
42 pounds each, fi\e patients ^aintd an a\eiir.e ot 2 1 pounds each and in 
seien instances thcic was no eh in^c m bod^ vivht In no instance wis 
there ail} elinicall} demoiistnble deliniienlal eftett ujh n tin jiaticnts otlui than 
the gastiuintestmal symptoms noted These Mniptoius qunlh subsided ui»on 
terniiiiation of the diet 

Considciable difficult} was e\pciienccd in f\dnPiu_, the specific lesuU 
of trial of diet upon alleigie manifestations Ihspiti tlu tut tint the plan 
appeared to lend itself to piceision iii this lespctl ind lo the deielopmeiit ot 
ohjectue eiiteiia foi making suck decisions chiHr-t'’ tuquenth lelitnc 
and subjeetue responses had to be taken into eonsnki iliun It( spouses to diet 
trial, howe\ Cl, could be giouped into the followin,, toui e iTi^oiu 

(1) Patieuta in whom thcic appeued to be no tood inti llust patients 
completed ten da}s of diet without change m then s\mj; oins 

(2) Instances m wliicli theic appealed to bt i defuuti tood factoi 
Sjmptoms of these patients cleared while on sMithctu ditl lud mic lepio 
duced b} additions to the foimula 

(a) If additions wcie single and tlaie lesulted single dler^ens wtic 

identified 

(b) If gioups of foods weie added with nsultant tlaie a definite food 
factor was consideied piescut, e\en though a specifii alki,.en was not 
ulentified 

(3) i snnil gioup of patients nJio ospciieiued eompl.fo icniKsioii of 
■'imptonis upon the diet, Imt who suhsequeiith loknted ictuin to geuenl 
diet without leappearance ot symptoms 

(4) Instances m winch tiiil of dut w is uns itisf icton foi om of the 
follow in„ reasons 

(a) Failure to complete the coni’sc 

(b) Uncontrolled coUatci il theiipi 

(c) Equivocal lasult 

(d) Inadequate followup contact with jiatient 

Table III sumnuiii/es tbe lesiills in flftj one patients nlio uoened smi 
*hetie diets 

In Giotip 1 foods were piesnnil>tnch elimiinted as a esnse of sMuptonis 
Tlic fifteen patients m C.ioup 2 had a definite iood faetoi It follows tlieie 
f<ne that in tlintj eight instances nilormation of henefit to both iiatieiit iiid 
l'b>sicnii obtained 

In the group of fifteen patients in whom tlieie was thought to lie a 
'’'finite food factoi twent) thiee seini ite illei„cns weie dimiiosed Alilk 
"1'* the most fieciuent offciidei (cleeeii times) wlicit white [lol ito mid 



1064 


ROWK AND SHFLDON 


TVBLE III 


PI vr\^osis 

GROUP 1 

( ROUP 2 

CROUP ^ 

GROUP 4 

TOTVL 

Perennial ihinitis 

1 




1 

Bronolual asthma, 

12 


1 

8 

2(1 

Pulmonary emplu sema 

O 





Bronchiectasis 





1 

Atopic eczema 


1 


2 

7 

Chronic urticaria 





- 

Chronic ulcerative colitis 

1 

1 

1 


1 

Allergic colitis 


I 



1 

Peplial ilgia 

1 



1 

- 

Eiythema multifoime 

1 




1 

Vascular allergy 


1 



1 

Chrome conjunctivitis 

1 




1 

( hronic ulceratne stomatitis 

1 





Lupus erythematosis 


1 



1 

Periarteritis nodes i 


1 




Total 

2S 

15 

2 

11 

ol 


beef wtie next (eacli tluee times) Not all patients iii this qioup had been 

skin tested, but the niaioiity liad Foi btteeii ol the ti\eiit> tluee alleigens 

deinonstiatcd, tlieie weie both scratch and intiacutaneous tests foi comparison 
In but foul of the fifteen instances weie theie positive tests, eithei seiatci 
(one) 01 intiacutaneous (tluee), ot any degiee ot posituiti This lacv o 
coiielation between skin testing and clinital obseivation in food 
accord with geiuial opinion as to the diagnostic specificity ot skin testiiio 
food alleigens' 


discussion 

Seceial consideiatioiis lelatue to the ioiegoing 


should be discussed m 


somewhat gieatei detail Fust, the nonalleigenicitv of the 


toimulas used 


cannot be assumed The possibility lemains that milk-, fish-, poik, 
coin sensitne patients might continue to have alleigic symptoms seco 

a-r _ ^ L J.1 iPmnniiniT 


the uigestion of minute amounts oi these substances lemannng 


ot shod Cham 


undetectable in the final product In view of the presence c 
polypeptides, theie remains the potential danger of immiino ogic ^ 
An enz\matic casein digest will not sensitize laboratory aiiimas, 
dinical observations supporting the theoietic nonalleigeniciti 


and 


,, of these pic 


known 


to 


paiations have been made For instance symptoms ot pa 
be milk sensitive have been obseived to clear upon an enzyma 
casein, and latei to flaie with the addition of milk to the basic oi ^ gloucal 
final answer to this question should be wnthheld pending ui 
investigation and trial objectio" 

It should be i e-emphasized that nnpalatability is the c tabulate*! 
eneonnteied in the use of these diets Oui results have no 
foi each of the foimulas because piactical difteiences ® douhth'! 

lespeet to acceptabilitj^ oi clinical result weie not apparent leniai" 

that any patient with less than majoi allergic symptoms impies*’"’"’ 

upon such a program for the full tiial period Because o 
the procedure almost uniformly was reserved tor inpatients 


bViNfilMlL Dltlb 


lUOo 


Iht inipoitaiitL ot contiolliUo emiionmcntal fuloi-s tin dust illciocn 
ami Loncomitaut inteLtion piior to embaikiiio uj)on a diagnostic dietar} iCpime 
tannot be oxercmphasized On se\eral occasions it was ohstncd that piopei 
consideration of these factors olmated the u(.ocssit\ toi dntm tnal which 
had onginallj been contemplated The presuici ot an utne iiitcctious 
process, at least in the respiiatorj tiee contiaindir iti s a tinl ot one ot the 
s>nthctic tormulas For example one patient witli Innm Iue< t isis supeiimposed 
on an alleigic asthma could not be controlled Horn the stmdpoint ot the 
asthma bj anj means duiing a flare of tlu j ulnior arc intention A.ttci 
contiol of the pneumonitis with antibiotics an<I pistuiil drniia_e usiduil 
asthma cleared lapidl^ upon institution of i svntlnti <lKt 

It again should be pointed out that patiuiN tn uiiom diet irnl was 
ordered were those whose symptoms were moit th in nu> h i i(< h iiu if>acitatiiv 
The total number forms but a small thougli iim nnu i 1 piKnitt^c ot the 
cases seen m Allergy Clinic 

The cause of gastrointestiinl symptoms skoikHtc i> th hm ot These 
tomiulas IS somewhat obscure Vspartic and ^Int imu u n' it( i'])Oited to 
tause nausea and \omiting in both man and lahon oi mimiK ’ and 
casern hydroUsates contain both ot these ammo au K T’ i m explain 
the decelopment of sjoiptoms but dcla> in their ippeiid> ti intii the sixth oi 
seventh da\ of dieting is less readilj explained on this isis *h ui it 'ippcaiance 
tvas more immediate One patient who developed niiisci md \omiting witli 
^igen orall> was maintained satisfactoiih on intiavtntni \mi^cn and 
subsequently tolerated a second tiial of the oial jujiaution toi a ten da\ 
period without the development of gastiointestiniJ tract svmplorns VlthoUp,Ii 
tills patient was sustained with the paicnterd j>i( puntion w len unable to 
tolerate Amigen orally it was not the gcncial policv to follow tins plan Tin, 
did not appeal to justifj the means even in the taec ot consideiablt, 
hterature attesting to the safety and efficacy ot paienteinl amino acid ad 
Ministration i s lo u 13 ir 10 20 21 * 

Fmalh It should be kept in mind that the tiial of diet ociasionalh was 
as a dilfcrential diagnostic proceduie in sjndiomes ot obscure etiologv 
Tile final diagnosis was in some cases a condition not commonlv thouj,ht to lie 
uller^ic origin These cases have been included irrespective of this ton 
^idcration because the^ represented instances in whicli s’\nthi,tic diets wtit 
utilized ill diffeiential diagnosis The iceorded results (Table III) usiialh 
itficcted the accepted nonaller^ie etiolOo> of the disoidei (naineh pulnionaiv 
^’upbjsenia bioucluectasis) but in two instaiites (lupus ervthematosis pen 
nodosa) theie was apparent benefit horn the foimuUs in disease 
Mitities not commonlv held to be alleigic in oiigin The jiaticnt vutli lupus 
^I’^thematosis was a middle aged white man who vns tlie victim of a dis 
^^Minated process affecting most of the major organ sjstem \ skin biopsv 
reported as compatible with lupus but a skin muscle hiopsv fiom i 
* * eient site levealed essentiull} noimal tissues The cluneal impression at 
bmu ot dischai„e was piobable lupus ci-v thcmatosis and tollow up con 
J<-1 Witli the patient w is insufficient to venfv 01 disprove the diagnosis Tlic 
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s\ in])toiii.s ot this individual twite cleaied upon sinthetic diets and twice Haied 
with additions Peiiaiteiitis nodosa occuiied in a middle a"ed, while vomaii 
The diagnosis was made at the time ot neciopsy Piioi to death the piitiwit 
had had almost inti actable asthma toi many months Theie was associated 
high giade (20 to 50 pei cent) eosinophilia obseived in penpheul blood as 
w'ell as tiaiisient piilmonaiy consolidations which appealed seiialh in different 
locations in the lung paienthyma These w'eie eleaily demonstiated b\ sue 
cessue chest \-iays In the last si\ months ot lite, the only time ot lelatne 
lie dom tiom asthma wmic those penods wdieii the patient subsisted iipi 
sviithetic toimulas onh The example ot this lattei patient mai be siiggestne 
cnideiue oi an alleigic etiology loi tieiiaiteiitis nodosa, suppoiting Kielis 
lecent obsoications “ The instance oL piobable lupus eiitliematosis can be 
legaided as nothing moie than a lecital ot obseications w'hich at this tunc 
cannot be extended to any conclusions 

In eompaiison wuth pieviously lepoited use ot sintlietie diets the ioiiuulas 
discussed heiein would aiipeai to he potentially less allcigeiiic than any ot (lit 
otheis A mole cancel and laigei senes ot cases has been lentwcd than 
]ne\ loush 


CONCLUSIONS 


A giouit ot httc-oiie patients suttenng liom vanous ailments thought !o 
be entiuh oi in [lait, ol alleigic ongiii has been studied bv means of suithetic 
diets In Unite eight ot these patients, oi 74 pei cent, it was telt that tie 
tnal aftoided iiifoimation of definite positive benefit to both the iiatient 
and plnsKian intoimatioii which could not luno been acquiied b\ ot 
methods in so shoit a time wuth ecpial clanty . 

The method would seem to supply anothei woith-while, sate, and souu^ 
appioach to the piohlem ot exact diagnosis ot iood alleigi, althoiigi a 
moment, in its piesent toim, it does not ajipeai piactieable ioi on ]w 
use Ol toi use ii])on patients wuth less seceie alleigic maiiitestations 
Until nioie clinical expeneiice and stiidc liave justified the 
that these foniiiilas aie iionallei genic, positive diagnoses ot loo pjlutic 
may be moie xalid than the negation ot its piescnce attei tiia o y 


diet 


The suthois wii^h to icknowledge tlieir ippreci ition 
Theiapeutic Dietai in, Unl^elSlt^ Hospital in the plinmii 
the seiving ot the !i\utlietic toimulis discuijbed heieiii 


Ann Keimcr, 
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THE LIFE SPAN OF THE MEGALOCYTE AND THE HEMOIATIC 
SYNDHOJIE OF PERNICIOUS ANEjMIA 

K \RL SlNGFR, j[ D , JoSFPH C KiNG, jM D , \ND SlDNr\ ROBIX, M D 

Chicago, III 

T here is now "eneial agieenient that pernicious anemia is a deficieno' 
disease The ablllt^ ot the livei extiaet piiiiciple to change the megalobiastio 
inatiii atioii aiiest to a noimohlastic type ot led cell piodiictioii seems to deni 
onsticite that the site ot the piiniaiy action ot the antipeinicious faetoi is lo 
cated 111 the inaiiow 

Patients with Addisonian aiieniia also show legulaih a seveie distiiibanee 
ot the ])ignient metabolism Theie is usually mild leteiition lauiidice if 
hemohtn index,* that is, the iiiobilinogen excietion in the teces coiielate mti 
the total mass ot eiiciilating hemoglobin, is tai in excess of noinial values 

I In. SI abnoimalities ot the pigment metabolisni appaiently aie nidicatneo 

an 1 XI 4 mu: hemolytic piocess since tliej' also aie obseived in all otiei no 
henidsiu sMidiomcs Howevei, contiaiy to these othei types o 
disoidcix untieated cases of peiiiicious anemia show no inciease oi on | a 
sliaht inciease ot the leticuloe^tes m the eiiculating blood ^ I 
IS e\aluated as a measuiement ot led cell leplacenient and t ® 
output as an mdicatioii of the simultaneously existing inciea^ Xstiuctiou 
disiiitegiatioii, a consideiable imbalance m fayoi of eiythroc e 
would he pieseiit in untieated peiiiicious anemia Consequently 
blood should become lapidly depleted of eiythiocytes, ” jjj g^cll a 

death ot the patient Clinical obseiiations aie not m agieemen ^ 1,^ 

mechanism Theietoie Addisonian anemia often has been consi ® pjgjufut 

a tiue hemoHtic sjndiome In ordei to account for the either 

output, laiioiis explanations haye been suggested It has een po g,j.cula 

that hemoglobin is de^tioyed in the niaiiow without evei en jt all 

tion,* 01 that the excessive uiobilinogen is not deiived lom 
but lepiesents lathei pigment foimed fiom othei su ® aftei 

hypotheses tacitly imply that the moiphologically abnoinia i o 
having leached the ciieulation, have then a noinial suiwiva nn gomnion de 
111 pievious publications®’^ it has been pointed out gf causatnf 

nominatoi of aU hemolytic syndiomes legaidless of the grea of cells 

mechanisms is to be found in a shoitened life span of t e v classified 

involved In oidei to deteimine whethei Addisonian 
as a tiue hemolytic syndiome, estimations of the siiiviva 
tiom patients with untreated pernicious anemia were pei o ^ 
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MATERLVL VND "METHODS 

The diagno is of pernicious aneiun. in patients used m tins in\e tigition uas ba ed ou 
a lonipatiblo tlmital pieturc ^wth Instamine refr'ictor> iJilorlijtlru the prestnec of a nuc 
roLjin. hj-percliromic mcmiu, and a marrow ixaiiimatiun howmg tlie megaloblastic tjpo of 
i.r\throc}{o uuturition ucconip inicd bj giant met ini>eIoc\tes V nioder ite Ii\’perbUirubinemi i 
was found m the untreated p ilicuts Furthermore ill piticnts il ponded well to Iner tre it 
uient 



1 feuivhal time of normal red cells In artificial eijthiootosls exinossed In pti cent of 
surviving cells 


he methods used m this stud^ line been described in detail in i pre\ious publication 
^ e eraiinations of the survi\al time wero performed with the metliod of differential agglu 
loa (A hb^ technique) Onl} jouiig norniul children (d to 4 jeirs old) were elected 
of their small circulating blood loluiiic u correspondiuglj small trans 
cubi found sufficient to result in a atisfuctonlj high addition of the donor s tells per 

Jield^ Packed cells derived from 250 to 500 cc of whole blood were introduced, 

<■'10 ^ increase of 340 000 to 820 000 red blood cells in the recipient s total erjthro 

fusion ^ initial values were established twenty four to fortj eight hours after trans 

•^uiil T to avoid any significant iniccuracy due to an augmentation of the circulating 

although it IS realized that some of tho transfu'«ed cells alread} may have been 
iuint ° tirst twent> four to fortj eight hours Vfter determining the starting 

"e k" ^*^*^*08 were done twice vveeklj during the first month and from then un once 

the recipients showed values of 5 5 to 5 8 million red cells following trus 
'a the ascertain wliether '^uch un abnormullj hioli count m ij have m lufiueiicu 

8uch time of the tagged cells, normal erj tliroc^ tes woie transfused into children to 

“iiUim^t ^^t: tho total red count was brought up to more than seven million per cubic 

“hows artificial erj'throcjtosis lias no mfiuence on the survival time Fig 1 

to 7 7 ^^P^^went m which the red count had been increased from an initial level of 5 8 

rej P®^ cubic millimeter After all transfused cells had disappeared the patient's 

,rag ^ million per cubic millimeter The ehmmation curve of the foreign cell 

*^ormal one and their average life span was 127 dajs, an entirely normal value 
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RLSULTS 

Nowdclcijs tile bCdicity ot untxedted cdses oi peiiucious dneinia pitbeiiU a 
iiidjoi obbtacle to in\ estigdtions on the pdthogenic meclumisms operating m tlih 
chsoidei Oui study x\ds peitoimcd on foui cd&es only** The heinatologic 
data ol the donois and also ol the healthy recipients are compiled in Table I 



“ &ui\nal time of petnicious anctniu cells in normal en\nonmi.nt expressed m per ant r>I 

surviving cells 

hig 2 shorts the cuives illustrating the chsappeaiance ot the donor s tells Tiie 
percentages ot the siuvrviirg cells arc plotted against the number of dars lol 
lorrarg transfusion Patients 1 and 2 rrere patients with pernicious aneniu la 
relapse rvlio had received no specihc treatment for several months prior to tin. 
e\peiinient Then red cells were completely eliminated rvithin trveiit} ®'Slh3U 
seventy-five dars respectively when tianstnsed into a normal enviionment '<> 
profiles ot then elimination curves are definitel} abnormal and are siniilai o 
those seen in the other hemolytic syndromes caused by an intiacoipusculai 
normality ot the red cells ' 

Patient 3 had been under contniirous treatment rvith liver tor 
Then treatment eras stopped entirely tor about three years A severe 



•Noimalized blood picture after extensne li^er treatment 
— • #2 for p^rno 

•AVe are indebted to Di S Portls Dr D Rappolt and Dr S O Scln'^r 
to use their patients in tins investigation 
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of diicmu dt\UopL(l and the patient amis* id\iscd to tntti the hospit il A few 
da}!5 pnor to adniii>i>ion he took somt Inu pills On the du\ ot admission 
hemoglobin u IS 6 8 Gm (44 per cent) icd count 1 66 million and icticulocvte 
count 3 8 per cent The leticulocjtcs incit istd to 9 pci cent on the thud hospi 
tdl ddj and then came b ick to \alucs below 1 pei cent on tlie tenth d i\ Tlieie 
u as also a slight rise ot the hcmoglobiu iml iccl cell count to S 7 Gm (5b pci 
cent) and 211 million icspcctnelj At the time blood was tikeii tor the do 
termination o± the sui\nal time, the hemOt,lobin hid decieased to 8 0 Gin 
(51 per cent) and the led count to 1 85 million Since the intipeiiucious ane 
nua principle changes the abiiounal mCoaloblastic matuiation back to a iioiinul 
(le\elopinent of the led cells, one ina\ assume that two difteieiit populations of 
crvthroeytes existed in the blood ot this patient at the time ot the ti instusion 
name!) red cells manuiactui‘cd ^vlth the p utieijiation of the hvei principle and 
dlso Gineal megalocjtea produced m the absence ot the enthiopoietic tactoi 
can be seen from Gur^e 3 (Tig 2) visualizing the elimination ot the toieioii 
cells, 68 per cent of the tiansfiised ei^thiocjtes disa])peiicd within thirt\ dns 
the lemaimng 32 pei cent weie complcteh ehinin ited altei st\ent^ two du\s 
The pi-ofile of the cuiwe showm^, a distinct biphusic chiiactei is also m agiec 
meat with the assumption ot the picscncc ot two difteicnt populations ot en thio 
c^lea m the blood ot this insufficiently treated patient The suboptimal doses 
of antipemicious piiiiciple may also account loi the total shoitened sunual 
time observed in this particular case 

Patient 4 had a normalized blood pictuio because of continuous ll^el treat 
iiient for many yeaw The a\erage sui\ival time was 119 days an entnoh 
uoimal salue This is in agieement with the lecent finding*; of Mollison** who 
demonstrated a normal siu\i\al pattern ot led cells obtained fiom ade 
'luately treated patients with peinicious anemia 

Our results, theiefore demonstrate that in untieated cases ot peiiiicious 
‘aieinia there is a shortened sur\n\al time and an abnoimal elimination pattern 
'\hieh becomes normalized after adequite administiation of luei extract 

DISCUSSION 

Oetenninatioiis of the a%eiagc lite span of noimal el^tluoc^tes tianstuscd 
into patients ivitli pernicious anemia weie jieifoimcd b\ Ashb^’' and also b\ 

Into NoRjru, Kecipilnts 
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Weain and co-woikers^** as lai back as 1921 A noimal sunaval tune ot tlie^e 
liaiistused eiythiocvtes was lound to be piesent Recently Mollisou® has cou 
bimed these observations by means of the most lefined modern teelmiquea 
Theietoie an e\tiacoipusculai mechanism damaging aU ciiculating ei 3 lhroe} 1 (.b 
at landom and thus influencing the lite span is not demonstiable m peniicious 


The suivnal time ot the megalocytes (pernicious anemia eijthiocjtC)) 
vas detei mined vith the Ashby technique by Wearn and associates (m 1922) 
who tianstused these abnoimal led cells into anothei patient ivith pernicious 
anemia No abnoimal behavioi ot the tianstused eoipuseles was found ui this 
single instance Moiawitz“ tianstused noimal led cells into a patient lutli 
scveie peiiiieious anemia to such an evtent that the majoiity of all the erythro 
cytes m the patient’s eii dilation belonged to the donoi’s gioup Since the 
anemia impioved foi a longei peiiod of time but no change occiiried m the 
gieatly inci-eased pigment output in the feces, IMoiawitz concluded that the 
tiansfused noimal eijthioeytes suivived much longei than the pathologic 
megalocj tes 

111 1945 one ot us® classified pcinicious anemia as a tiiie hemolytic syndionic 
caused b^ the piesence ot an mtiaeoipuseulai anomalj of the eijthrocjte 
It wms emphasized that hemolytic syndiomes aie not ahyais pioduccd bj' 
eivthiolytic activity (irmnune bodies, hypersplenism) but that stiiictuiah e 
tectiye eiythiocites, when exposed to the noimal means of destiuction, me 
giate much moi e lapidly than noimal led cells By using the method of cross c 
termination ot the sunuval time of the led cells,®’ ’’ it is possible to stinguis^ 
in any given ease wdiethei an extia- oi an mtracoipusciilai mechanism is i 
\olved When noimal erythrocytes, tiansfused into a lecipient with a 
lytic syndrome, survive normally, ivhereas the patient’s oivn led ce , 
fused into a noimal peison, have a considerably shortened lite span, an 
(otpusculai abnoinialitv mav be suspected Contiaiiwise, when 
tells, tianstused into the patient wuth the hemolytic syndionie, aie as 
destioved as the patient’s own cells, the presence of an extiacoipuscu ai 
aiiism may be assumed , j to 

While this study was in piogiess, w'e came across a lepoit o m ^ 
the Royal Society ot Medicine stating that he had tianstused and had 

tw’o patients with untieated peinicious anemia into noimal leci^en 
observed a suicival time of thirty and sixty days respectively ^jtpough the 
actoidance with oui obseivations lepoited in the present paper 
elimination cuives ot Loutit’s and oui cases aie all definiteh ec 

IS a eonsiderablv wude range ot the average lite span whici piiiicipk 
plained be the individual variability ot the available aiitipeinici 
Loi the manutactuimg ot the cells , gi,aiactenzc^ 

The demonstration of an abnormal life span of the mega jenoniinatm 
Addisonian anemia as a true hemolytic syndrome since the med' 

ot all hemoljqie disorders legaidless ot the great variety pes of edb 

aiiisms has been found to be a shoitened life span of the vario 
involved 
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Althouji the shoileiied suiAnal time imdoi.litedh neounts foi an in 
oreased pigment piodnetion, the question aiisis nlntlioi it offois a trlll^ satis 
acton esplanation tor the excessnUt hi„h output „t hih ,>iginent re„ulails 
obsened in untieated cases of peinicious mcnim 

The abnormalities ot the pigment metabolism existing in this disoidei Inie 
alwais been difficult to inteipra Watson’ ii. his extensuc icmcu lias oiitiealh 
iLscussed this piohlem Wheieis iii the otlni liemohtie SMidiomes theie is i 
hi.h let.eulocMe count indicating eonsiduabk led cell icplacemeiit untuatid 
ws of peinicious anemia shou no ineiease oi oiilc a sen slight ineiease ot 
he retieiiloojtes in the circulating blood Wbippb nas the fiist to point out 
me great disciepancs hetueen appaieiit blood legeiuiation and destiuetion in 
intieated peinicious anemia and he cxpiessed his dishilut tint the meieased 
pigment excretion repiesuits iiieiciscd benio^lolnn distimtion He postulated 
mat tile exoessue uiohilinogen is mosth domed not Horn the hemoglobin ol 

iiom an iiierense ot a hipothetieal pigment 
ilcrw ^"‘1 pigment complex was consideicd to ou„iii itc irom hemoglohin 

rmafi ’ that the 

iirwlnm, ’f output stems fiom hcmoglohm onh whnh lionecer, is 

tint ttn'^'"* ^ destiojed in tlic iiiaiiou Both Injiotheses hue tacith implied 
htm, , "'"imologmalb abiioimal ineoaloextes altci haMu„ leaehcd the ciicu 
niioii ha\e then a iioimal survival time 

ftctiml'’ ^ y^tmlizes the Inpotlietical lelatioiiship hetnetn the iiitei dependent 
fondibn^ tnf "'t eiJthioeMe level" (4) uiidei phjsiologie 

Jaundic ’ 11 ‘-oiiiii'O'i hemolytic svndiomes (foi instance hemolytic 

them-rn anemia), and (C) in peinicious anemia accoiding to the 

meones mentioned 

g°*pl'as>zgd liowevei tint Hcilineter” and mam othei in 
that th Watson®) liave icjectcd these ht potbeses and maintained 

j ^ ^'^'^sssive urobilinogen output could be adequateh explained on the basis 
"t the'nm^^''^'^ destruction paiticularlj if the extreme hxpeiplasii 

rrow which exists in peinicious anemia is tal en into account 

mcaloc stance the deinonstiatioii of a shortened survival time of the 
P'gnien? to make any special hypotheses conceining the inci eased 

thevvhol'*'* ®“Peifluous Hovvevei iceent investigations’* demonstrate that 
m 1946 much more complicated Sliemin and Rittenberg” showed 

“t N'= fc Iggfling of gljcinc labeled with N” lesults in the incorporation 
"lains 1 \l Imme molecule of the led blood cells The labeled porphjiui ic 
mto ster l'*! t^tiroeytes until these cells disiiite„rate and is then transfouned 
""6 life H'’ means of this technique the same figuie foi the aver 

"ith the ^^ 11 * erythrocytes was obtained as previously determined 

isol t differential agglutination However when labeled stercobilin 
'’He (lisi* t *** amount con elated wuth the late of erythro 

"’">1 sign'fleant poition of the normal jiig 

In one ca' '""I'”” npparentlv denved fioni souices other than hemoglohin '* 
ot untreated permrioiis anemia a eonsidernhle ineiease of this extia 
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pigment was also clemonstialile Thereloie these findings seem to silppoit 
Whipple’s hypothesis Quite obviously an entiie lemvestigation of the pig 
nient metabolism in all the hemolytic syndiomes now hecomes neeessaiy How 
evei, the new evidence does not in any way leflect upon oui interpi elation of 
the significance of the shoitened suivival time of the megalocytes 
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E'K — Relationship of the intei dependent factors maintaining enthrocy 

The absence ot any consideiably incieased leticulocyte tins 

lieinieious anemia is oi paiticiilai inteiest It must be assumed m 
disoidei leplacement ot eijdhiocytes occiiis 

leticulated megalocytes Appaiently completely matuied quite a 

tatively abnoimal eoipiiscles aie leleased into the cnculation dgmonsti'ahh' 
distinguishing featuie since no such abnoiniality of leplacenieiit is jl,at 

in the othei types of hemolytic anemia Theie has been some Oli'-' 

the livei extiact principle may contain a specific reticiiloevtogeme j.gtieulo 
and PiascaiellH' lepoit that plasma obtained fiom patients ® j' noinial 
cyte count caused a definite increase in leticulocytes when mjec ei .jpguna 
peisons This was ohseived with blood tiom patients with peinm 
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at the ietieuloc>to ciiacs folJomng li\ci tieatment and also m patienta with 
mieroeytio hjpodiiomic anemia tic-ited with iron Olna and riasearelli sug 
o'cst that ill peiiiicioiis anemia this hypothetic letieuloti togeiiit factoi acta in 
lombiiiatioii with the matiintion piiiiciple Somcwliat against tins aaaumptioii 
IS the satibfaetorj heiiiatoIo„ic leaponse of patients witli peinicious anemia 
treated ivitli pteiojiglutainie aeid 

The demonstiation tliat pernicious anemia is a tiue hemohtic smdiome 
does 111 no way imalidate tlie concept of this disoidei as a deficiency disease 
It Ls because of the absence of the matmatioii pimcijih that defectnc entliro 
cjhcs enter the euculation and ate tlicn elniiiiiated mole rapidly than norma! 
ones Thus pernicious anemia is aiiotliei tsaniple ot a Iieniolytie sindiome 
caused In an mtiaeoipuseii! ii nicehaiiism, nameli a pooily constnicted cUo 
sKelclon' of tlic ei i tliioey tes 


;3U MM VK\ 

T]ie red cells of patiejits iiiitieated peimcious inenua ha\e a slioitcued 
sum\al time ^Vfter adequate treatment the life span of the en thi oc\te he 
cGTiies uonnal 


lie demonstiatiou of i shortened suunal time of the mGgaloc\te peiimts 
ifi c as'iificatiou of pcunoious anemia as a tme hemohtic s\ndiome ^since the 
toniniQu deuominatoi of all hemolytic anemias rcgoidlcss of the gieat \aiiet\ 
causatue mechanisrus has been found to be a sliortened life span of the 
various tjpes of cells involved 

The significance of the finding of a shoitened sui\i\al time for the e\ 
aaation of the abnoimal pigment metabolism in pernicious anemia is discussed 
Quite diffeient from the otbci t^pes of hemohtie anemia replacement of 
cells seems to oecm bj means of nouieticulatcd ci>thiocytcs 
The demonstration tliat pernicious anemia is a true hemolytic sjndiome 
in Ho waj invalidate the concept that this disordei is a deficiency disease 
absence of tlie matuiation principle that defective led cells 
^ er t c circulation and are tlien eliminated more lapidh than noimal ones 
pernicious anemia is an e\ample of a hemohtic svndiome caused b> an 
mechanism namch a pooih coustuictcd to skeleton of tlie 

CO throes tes 
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THKOJIBOPENIC PURPUBA THE P VILURE OP DIRECT BROOD 
TRANSFUSION TO RAISE THE PLATELET TstEL* 

Johns Luvrence JID, Whium N \ 1LE^TIVE MD and 
Willi VM S Adams VD 
Rochester N \ 

rtw't" I’’ "I pif.cnts AMth 

of I’OUOJ ot time In means 

veZs t. f Wooil Po, ,, l,>„„ time it has been ou, feeling 

hnel t,ans(a..on. cl„ httle ... patients aaMIi ti.rom 

Mpeaic pmpiua except to teplaee blood tvl.icl, has be. „ lost In bleeding Hmv 

iaeins? ^ tnusfusioii 111 the amounts oidnunl. used the dilution 

iilaWeto **■ W deteimiiK im.iateh wlietliei 

latm.i f n blood lemam foi am ippretnble time ui the cirou 

lauou of tbe lecipient 

letlelT'fn demonstiated in tins label non that the ninilatnig plate 

substantiallj laised foi a penoil a da\s follow 
ma ]3 fri caiotid to c'litoid annsto)no>e'^ lAJtli a uonnal am 
rceimpnt constituted i inelliod of pninfe' tJie thiombopeme 

anasto ^ ^ ducct blood tiansfusion tbiouph a contjmious endothelial 

<^M 5 eiimeut'il Jesuits nude it seem ixitnient to detenmne 
be rai Vif level m huimn subjects with \ei\ Ion platelet counts could 

H see 1 \ duect transfusions of nliole blood On a puoii grounds 

direct tiansfusions should appieciablj ruse the platelet 
tile blood platelet in imn hib a noimal rate of utilization of 

o^^eial oidti of magnitude as tint found in the eat this increased 
^'irth ^ tleinoustrable foi a period as long as a fen da^s It was argued 
hei*" mciease in the platelet Ie\el should ha\e a fajoiable effect 

^bolc b]*^"**^^*^ thrombopenie individuals, and thus massive tiansfusions of 

of 1 ^0 offer more benefit than the conventional indirect tiansfusion 

span f fi blood Since the annual e\peiimeufs had shown the life 

'•OQipar bl platelets to be much gieatci than that of the leueocvtes under 
batted b t it was hoped that thionibopcnic puipuia could he com 

sived ^ more effectively than agranulocv tosis Aceoidmgh mas 

Peina*^*^*^^ transfusions were given to two patients with maiked throinbo 

avfa literature lecords only two pertinent publications of which we 

*bop!ateft lepoited that duect blood tianstusion both raised 

"" ^ counts and unproved the hemostasis of three patients wuth thiombo 

of Bioloffj The tTnUcrsltj of Rochester 

Eh ^Ws'^Dcr'i IJaA 0 IflJS 

Project at thB performed under Contnet No W 101 en^ 49 for the Vtomic 

'*v me Unhorsttj of Rochester 
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penic puipiua In one case a use in platelet count of 120,000 pei cubic milh 
metei was noted No data aie given as to the method of dnect tiansfusiou cm 
ploved 01 as to the amount of blood tianstused Kiasso^ in 1927 hkemse re 
eoided beneficial eftects fiom blood tiansfusion in tlnorabopemc puipura hi 
one ease, following the tiansfusion of a single unit of blood, the platelet count 
lose from 11,000 to 114,000 pei cubic millimeter one daj^ following transfusion 
In the second case no significant elevation in iilatelet level occuiied until su 
days aftei the tiansfusion of 450 c e of blood The amounts of blood bans 
fused and the time inteivals concerned aie such that it seems imlikelv that 
suiMval of tiansfused platelets could pei se account foi the obsemd eleva 
tions in the platelet counts 


The failuie of blood tiansfusion to leplenish satisfactoiily tlie ciiculatmg 
noneiythiocytic fonned elements when these aie dangeiously low can be at 
tiibuted to at least five possible causes (1) The life span of these elements 
mav be so shoit that when tianstused they lapidly disappeai ineiely in tie 
eouise of noimal utilization This is tiue in the case of the vliite blood cells 


(2) The elements mav be qualitatively oi quantitatively alteied within a short 
peiiod in stoied blood This factoi is of undoubted impoitance (3) 'fie 
transfused elements aie lapidlv dispeised in the compaiatively laig® 
volume of the lecipient and, in nianj'' instances, aie diluted to the level of 
insignificance on this basis alone This is ceitainly true in mstances where 
onlv 500 c c or less of blood aie tianstused (4) The abnoimal state which 
prompted the transfusion initially mav lesult in an abnoimally lapid late o 
disappearance of the tianstused elements It is, of couise, difiScult to esclu e 
this situation (5) The leeipient may destioy the donoi elements more lapi 
Ij than his own No satisfaetoiy way of pioving this exists 


Case 1- — J J, a 37 lear old Italian man, was first admitted to Strong 
pital in 1943 with complaints of dizziness, blurred vision, numbness md tingling o ^ 
hand and left leg, and difficulty in m alking There n as generalized pallor of tlie 
disc No objectiie sensory changes were obseiied There was some atava in >6 
nose test with the left hand The blood Wasserraami was negatiie The ervthrocj'to e 
5,820,000 per cubic millimeter, the hemoglobin was 15 8 Gm per cent, and the ^elero is 
was 10,900 pei cubic millimeter wutli a normal differential A diagnosis of mu ip pjjjent 
was made and the patient was guen a course of intraienous tj'p'm’'^ vaccine ^^pjonis 
was able to continue working and except for episodes of transient numbness 
unproved ^ 

In December 1945, the patient began to note pallor, exertional dyspnea, ' 
fatigue He was admitted to the Kochester Geneial Hospital where lie was marrow 

a sex ere anemia Sternal marroxv aspiration specimens suggested an aplns m j-eferrel 

The patient receixed numerous blood transfusions xvith but transient benefit an 
to Strong Memorial Hospital on April 2, 1946, for further study At the tune^^ ^ p^technl 
there were petecluae oxer most of the legs, and the patient’s story and seconJ 

rash had first appeared three months previouslx in the areas between t le two 

fingers bilaterall> The frequent occurrence of small hematomas had been u 
months before admission There had been frequent free bleeding from t le^^^ 
xveeks prior to admission No histoiy of ingestion of drugs of the tjpe v 


to predispose to aplastic anemia could be elicited pertm®'^^ 

On physical examination, with the exception of pallor of the optm nimu 

findings were limited to generalized pallor and the wade distribution of he 
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fest'itions TLere ^^e^c pctecinao on tho tongue and the mucous menibruie of the mouth 
oozjng from the gums, clotted blood in tjio no tnls, and dilluseK scattered petecluae over 
most of the bod} ivluch assumed the proportion of hemorrhagic rash on the lower extremities 
The spleen Nvas not palpable 

At the time of admission the rod blood cell count was 1 800,000- per cubic millimeter, 
the hemoglobm < 2 Gnu per cent, md ^he leucocyte count 3 OoO per cubic millimeter with 
hut *’9 per cent granulocjtes The urine showed 3 plus albumin and there was a positive 
test for blood The stool sliowed a 3 plus guaiac test for blood The clotting time (Lee 
^Mute method) was 9 minutes and clot retraction was iioor the clot being verj friable and 
inelastic The bleeding time was in excess of 42 minutes The. rcticulocv te count was 1 8 
per cent The platelets were Mrtunllj absent from the blood film V specimen of sternal 
inan-ow was removed surgically and a pathologic diaguo is of aplastic anemia was made 
Despite indirect blood transfusion and \itaniin K, the clinical course was progressively 
ownhiJl Continued bleeding was a troublesome problem and it was decided to attempt 
ma sive direct blood transfusion 


On April 5 the patient a blood picture was as follows, prior to transfusion Erythro 
Ote^ l,5Ua 000 per cubic millimeter hemoglobin 4 S Cm per cent volume of packed cell 
0 per cent The platelet counts on three sciiaralo determinations (ReesEcLer method) 
wre 4,000, 6 000, and 6,000 ppr cubic millimeter The blool film was almost completely 
evoid of platelets \ direct transfusiou of 090 cc was gi\cn and flit patient developed a 
pvrogemc reaction necessitating discontinuation of the tran«fu ion Tlirtc hours after the 
transfcuion the platelet count was 0 per cubic milbmetcr on two determnations The fol 
owing morning the erythrocyte count was 2090000 per cubic nnllimcter the hemoglobin 
Gm per cent and the hematocrit, 17 0 per cent The platelet count wa 2 000 per cubic 
ou eter In a ti\ohour period 1 500 cc of whole blood were tnn fused b\ the multiple 
syringe method Despite this massive direct transfu ion from noimal donors the platelet 
count two hoars afterward was but 6 000 per cubic niiUimeter and theie was no discernible 
numbers of platelets on careful examination of the blood film Slow oozmg of 
Id m iiose, present before the transfusion ncicr abated The patient continued 

c and died on April 13 h»o autop'iv was jierfornied 


Case 2 C C, a 53 year old white man was idmitted on Sept 1 1947 to the Eye 
ernce complaining of a cataract of the right eye The history indicated a hemorrhagic 
lathcsia dating back to clnldhood With recurrent epi odes of peterlnao and easy bruising 
Wvering a period of many years A splenectomy had been performed for idiopathic throm 
peiuc purpura in 1930 Followaug tius there was only 'slight improvement m the bleeding 
ency and the platelet count had remained depres cd Howeier in the year prior to ad 
Sion there had been no significant episodes of bleeding 


Iq 1943 


Tile patient had noted iailing 


Vision since 


1929 when he was found to have cataracts 
au indenclcisis had been performed following whirli the patient developed hemor 
9gic glhucoma of the left eye Since that time he had lieen virtualh blind in tho left 
l^be discern only bright light and the vaguest ouflim. of objects Vision in 

rig It eye was becoming progres ively smoky and the patient was threatened with nearlv 
P etc blindness. Pertinent facts in the past liistorv also included nephrolithia is treated 
am j ^ of tho bleeding tendency hernia at the site of the previous splenectomy 

d deafness of a mixed type m the right ear 

Oa physical examination the lens of tho right eye wis cloudy white and vision was 
Vision was virtually absent in the left eve Tlioro were surgical scars in 
the ^ dpper quadrant of the abdomen and there was slight bulging m this area when 
There were a moderate nunilter of scattered petechne and a few larger 
areas Physical examination was otherwi'^c essentially normaL 
erythrocyte count was 5 700,000 per cubic millimeter the liemoglobin, 18 o Gm per 
The leucocyte count 10 8o0 per cubic millimeter vnth a normal differential formula 

houi^ eounts were 26,000 27,000 and 28 000 per cubic millimeter on three dctermina 
The platelets were greatly reduced on the blood smear Tho bleeding time was 5^jC 
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minutes on one occasion and 11% m i nutes on another The clotting time was withm normal 
limits and the dot retracted somewhat The blood fibrinogen was 328 Gm per cent 


It was felt that removal of the cataract from the right eye was essential i£ tlie 
patient was to i\oid blindness but that the hemorrhagic diathesis reduced matenalh th“ 
chances of successful operation It was therefore decided to search for an accessor) spleen 
prior to attempting to remove the cataract In preparation for splenectom) the patient was 
twice phlebotomized and a total of 1,000 c c of blood withdrawn He then received l,o00 cc 
of blood by direct transfusion from three noimal donors The Pennell apparatus* was em 
plo) ed and by tins method it w as possible to transfuse 500 c c of blood m eight minutes, 
issunng that the formed elements in the blood avere a very short time outside the bodv 
Unfortunately, teclmical diificulties with the platelet counting dilution fluid did not permit 
quantitative evaluation of the attempt to increase the blood platelets in this case However, 
careful examination of blood films for platelets were made It was felt that a very minimal 
increase in the numbers of blood platelets transiently occurred, but the increase was far 
below expectations and had disappeared completelj within a few hours The patient was 
operated upon the following day There were many bleeding points but the patient did not 
bleed as much as was anticipated No accessor\ splenic tissue could be found 


The only recourse left was to attempt to remove the cataract of the right eye m spite of 
the risk of hemoirhage The alternative was blindness for the patient Therefore a second 
attempt to prepare the patient was made using the same direct transfusion teclinique As 
before, after phlebotomy, the patient received via the Pennell apparatus 1,500 cc of Wood 
fiom three normal donors within a three hour jieriod The day prior to transfusion the plak 
let counts were 18,000 and 23,000' per cubic milbmeter and the bleeding time 
minutes The morning of transfusion the platelet count on several determmations varied 
tween 10,000 and 16,000 per cubic milbmeter and the bleeding time from 10 to 17 
Immediately after the transfusion the blood platelets had risen to between 50,00 an 
80,000 per cubic mdlimoter, the bleeding time vvas 3 minutes There appeared to e a 
moderate increase in the numbers of platelets on the stained films However, two o 
later the platelet count had fallen to 24,000 to 28,000 per cubic millimeter and the Wee ag 
time was 5% minutes An hour later the platelets were below 20,000 per cubic m 
The mornmg following transfusion (which was the morning of the operation) the 
were 20,000 pei cubic milbmeter and the bleeding time vvas 19 minutes During * ® ^ 
operative period tlie eyeball filled with blood, and at tho time of this report, sl\ mon 
after operation, the patient was almost completely blind 


DISCUSSION 


In each of the tliiee tiausfusions lepoited, a minimum of 1,500 c 


of 


If the blood 
uo more 


elevation 


whole blood was admmisteied within a shoit peiiod of time 
volumes of the lecipients weie somewheie within the noimal lange, 
than thiee to fouifold dilution of the tiansfused elements would he exp 
If the blood platelets weie leceived undamaged this would meau au 
of at least 80,000 to 100,000 in the platelet count On the basis o 
ments with animals, a detectable platelet increase peisisting foi 
peiiod of time would be anticipated Howevei, in only one of the ^ 

ments lepoited was a significant inciease noted in the lecipieu , 
this ease it was so ephemeral as to be of little piactical value ^ 

The leasons foi the niisatisfactoiy lesults aie not eutiiely 
the patient (J J ) had aplastic anemia, and, piesuniably, precursors 

to which the thiomhopenia was due nas meiely "'"Lirbehevethatah 
Though it cannot be said with eeitainty, theie is no leaso elevation 

noimally rapid platelet desti action was a factox in this case 
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m platelet count occurred and hemostasis as eiidenced bj slon oozmg of blood 
from the nose remained mimipioied It ii is thought that tlie use of multiple 
glass syimges might hai e meant that fen oi no platelets « ere aetualh being 
remjected into the recipient, but platelet eoiiiits on blood alloiied to stand foi 
periods of tune up to file minutes in ,,Iass sjiniges indicated that laige num 
hers of these elements iveie iiiuloubtcdlj still piesent in the injected blood 
Uoireier, it is quite possible that qualitatiie alteiatioiis in platelets duiiug 
them brief staj outside the body may have lesulted in tlieii premature death on 
remjectiou StiU another possibihtj is that tlie piecediiig thiombopenia cieated 
an abnormal need for platelets and that the mjected platelets iieie almost 
i^ediatelj utilized for this reason This seems unlikeh It is also possible 
at donor platelets are not utilized in a normal maniiei in hmnan subjects oi 
at then normal rate of utilization is far ,,reatc i than that found in animal 

eipenmeuts 

111 Case 2 an attempt nas made to obiiate the effects on the platelets of 
emg outside the bodi bj using an appaiatus which Mould icdute this peiiod 
ou SI e The Penuell appai itus toiisi'jts esseiitialh (if a shoit rubbei tubuig 
nimimg betweui donor and recipient the blood being mill ed tiom donor lo 
recipient bj means of a rotating A\oim As muoli as oOO c ( of blcod ^\e^e 
rans erred from douoi to recipient withm eight minutes so tliat no unit of 
00 could ha^e remained more than a \er\ biief pi nod outside tlie Aascular 
s)s em Despite this lesults were disappointing and the tiansient slight ele 
count was of no practical clmical sigmfinnie This patient 
' ). of courae, had idaopathic thrombopenic pujpuia snd it is not entiieh 

cear whethei oi not platelet destiuction takes phee at a roinnl late m this 


are h emphasized that the direct tiausfusion techniques emploied 

a 0 j no means comparable to the continuous endothelial anastomosis of the 
period Furthermore, in tlie aninnl ivorl theie was a much longei 

^0 of mixing of the blood of thiombopenic and normal animals and laiger 
^ ^®^nial blood i\ere mixed iMth thrombopenic blood If com 
e conditions had been present in the human subjects the lesults might 
been different 


REFERENCES 


Bclation of Blood Platelets to Hemorrhaoie Djscasea J V il \ 55 
1 1910 

^ TTeber den IVert and die Wirkungsaeise der Blattraasfusion bei der throm 
3 Uivrmnf''? o “ f '”n Ued 14 3i7 404 1927 

■' “ > “d Valentine, W N The Blood Platelcti The Bate of Their Utiliza 
< Penaell S “““d 2 40 49 1947 

j A new Type of Blood Transfusion Apparatus Am. J &urg 45 354 350 1939 



A SIMPLE AND EAPID METHOD FOR DEMONSTRATING SICKLING 
OP THE RED BLOOD CELLS THE USE OP REDUCING AGENTS 


Geneva A D^vland, B S , and Willi vji B Castle MB 
Boston, Miss 

INTRODUCTION 

T he piactieal iinpoitauce ol a lapid and simple method of detecting tlie 
sickling plienoinenon is appaieiit to am one tamihai iMth the vaiious dimeal 
maiiitestations of sickle cell disease Uniecognized, tins condition niaj mas 
queiade as a laiieti of clinical entities, including iheiniiatic fevei, osteoime 
litis, ceiebiovaseiilai accidents, and abdoniuial conditions such as acute cliole 
cjstitis 01 appendicitis, piesiimabh lecinuing pionipt suigical mtenentioii 
Sicklemia mai also be the cause of otheiwise unexplained mild oi see eie anemia 
Thus the leady peifoimance of a simple test foi sickling of the led cells ma\ 
be useful in the hospital, in the physician’s ofSce, oi even undei field conditions 
in whicli genetic oi antliiopologic studies aie being undei taken 

The sickling of the abiioimal led blood cells capable of this leinaikable al 
teration of the uoimal discoidal foim is closelj’’ coiielated with the coneentra 
tion of 1 educed hemoglobin The sickling phenomenon appeals when tie 
oxygen tension in the gas phase with which the blood is in equilibiium is I ^ 
45 mm oi ineicuii oi less ^ ^ Below tins lalue the oxygen tension which causes 
manifest sickling depends on whethei the active disease oi only the ^ 
tiait IS piesenf* A fall in pH Avithm the physiologic lauge iiicieases t e^ju^ 
dency to sickling at a given exj^gen tension because of the lesiilting gi ^ 
peicentage of leduced hemoglobin in the led cells When the led ce s 
sample of blood aie siekled, the> foim an inteilacing netwoik of ciesceii 
mentous stiuetuies and as a lesult do not sepaiate leadily fioin ^ ® ^ 

undei the influence of giavity oi even of the centiifuge Consequen ^ 
sample of blood is sickled its sedimentation late is cleci eased Due 
the sicldmg of the led cells the Aiscosity^ of the blood sample is a so 

as IS the mechanical fiagilitv^ “ of the lecl cells These plpsica P 

1 espectn en ^ 


probably explain the thiombotic and hemolytic tendencies 


of the disease 


aie so common in the clinical and pathologic'maiiifestatious 

With the possible exception of the method leceiitly all 

EoseiP which appeals to depend on eiizjniic injurj to the le ce ijjj2 

clinical tests foi siclding lequiie the pioduction of i educed ^heii 

lesulting sickling is then judged by diiect micioscopic obseiia loi qie 

detected by the inliibitoiy effect of sicldnig on the sedimenta loi 


ird) 


From the Thorndike Memoiial Laborator\ Second mid Fourth 
Boston Citj Hospital and the Department of Medicine Han, ard iiea ^ ^ g,ft to 

The expenses of this investigation were defrajed in pait i 
Harvard Medical School 

Eeceived for publication July 7 1948 
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METHOD lOK DEMOhSTRmNO SICKUNG OF RFD BLOOD CELLS 10S3 

tediou. method Of W.nsoz and Bui cl. » Once s.ckled tl.e icd cells maj be 
feed in the sieLlcd foiin with foiiiinhii solution ‘ Rcmoi il of rvvgen from the 
led l^d cells IS efiected cthc. bv physical means such as isposiue of the 
blood to Ion bnroineti.L picssi.re (lae.uim pump), o. at iio.n.al baioniotiie 
P sure bj displacement of the osj gen In cqu.l.lii ation of the b'ood sample with 
gases such as Indiogen, nitious oxide, caibon dioxide oi iiitiogeii ' = Oxv-en 

prineml ““ ‘l'^™.dal fo.m A second 

pnnciple cmploied is the reduction of the oxygen tension ... the blood by deny 

siimeit'^'^*^. 'e to the blood yiliilc that ... tl.e sample is being con 

the c?reT.ff“ stagnation oC 

drawnl """"tes nith a touiniquet befoie yvith 

fltr la ° if capillan Iilood into tornnlm solution^ or ioi lapid LOier 

a„e beneath a coieislip I., yitro tl.e si.nc iesi.lt ...ay be aehieyed by allowing 
In .!.■ *'*™t’tion of the o\y„en chiefly by the yiliite cells of the blood sample 
I>t<=Pi‘->tioii The utilwition of oxygen in 
add,., tcceleiated by incubation it body tempeiatiiie or by the 

but dn 1 “ '>>cteiia - “ These methods a.e effe.tiye 

pumn ‘e clisad\ outage of icqmiing sjieciul equipnunt '.ui.h as -i icnum 

HTltifv. ®^uilibiatiou chamber o\^genf^ce gases stool filtrates bacteiml 
cultures or incubator 

METHOD 

tion of method deyeribed here depends upon anotlier principle mmiclj the redui 

(sluch mav 1 "t *bo red cells bv a cliemicnl agent Besides a drop of blood 

'Irtbnantcd or oxalaSl "" “P or venous bloo 1 

fetlucin? acpnt niicro<icopc microscopic slides and cover slips and the 

^‘’tion It fails t ^^ 1 *^ I’CQuircd Its onh disndvantige is that because of the rapidity of its 
sickJe cell disGi^^ *8Pagui«i]i tJie diflercnt 'susceptibilities to '•leklinj, of the red celN of active 
in the form of sickle coll trait After trying several substance? ascorbic acid 

per cent I chosen It is readilj available in tlie form of a buffered 

contamin ^ v, sodium salt with a pH of about C 5 in sealed glass ampules 

*t> a concentrat ^ centimeters Because this particular solution when diluted with water 
^ount of a found to be approxiniatelj isotonic for red cells, a small 

^'■cfold solution IS prepared preferably from a freshly opened ampule by 

The immediately before use 

Hospital routine use m the Thorndike Memorial Laboratory of the Boston 

^oiui year and during this time has been taught to all Harvard 

^^6 blood to bo The performance of the test as as follows 4. S7nall drop of 

the diluted ^ ^ microscope sbde and mixed with 1 or 2 drops 

*'P OQ which solution The mixture is at once covered with a glass cover 

^ blochf momentarily exerted in order to extrude excess blood and produce 

tbe high power d permit satisfactory examination of individual red cells using 

aickljDg at fift^ objective of the microscope The preparation is inspected for the presence 

In or nunute or other convenient intervals while standing at room temperature 

•be edges wiUi'*i efficacy of the method the cover slips were ealed at 

‘^•■nfrol preparat for additional protection against the entrance of oxygen 

— mns were set up m a similar fashion c\cept that either a drop of blood 

'"'wio^’t ‘°''i‘’yval!lcn\i)l''„°°°'‘‘if. ^ Walden of Ell Llllj & Company In llanaoolls Ini 
“>huni the solution covered by a patent Is ued 

'"ttabisuiflte ^ 11 0 Gm odium carbonate anhjdrous powder 3 5 Cm 
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»a, B.aW £nLh ^ wLf 3w,,” ““ »l*. 

“<■ «■« o'f .he .ni;"“rp'“r"' “• 

men paraffin is unnecessarj 

results 

a..d „o„anep..o mehvlta^ ^ » »»» 

appea.«l p,th.a oaThor.vJrtW Z 0"”"' 

as clesenbed S.„M.„s .,as p.eaent aTb^LTaarf 3 5 1 “‘"‘T r”* 

rar;;:..e„°: ■“ ““ «% aop.h.u:“f.::ri:3‘r: 

MJthiii an horn V" sodmm chloude had heeu added did sicJding appear 

eoutiol samnle pel cent of the 

of the ^ -d after twenty houia 11 pei cent 

ot the eoutiol samples still failed to exhibit siekluig 

Per Cent Sowum'^Bisdlptop^''^^ " Per Cent Solution oi Ascorsic Acid CovninuMi Dll 
Wet Cover Slip Prepariti of Sickled Cells ln Seaib> 

vtK CLIP mlEPABmONS OP Tirp T1 t/p«,s — -rp „ 


JNTERV IL EE 

quired for DEP 
INITE SICKLING 
(HE) 


I HGUTV experiments 

CONTROLS 

1 POSITIVE TESTS 

number op 
CONTROLS 

POSITIVE TESTS 

NUMBER I PERCENTAGE 

0 

NUMBER ) percentage 



51 

50 

50 

Id 

37 

32 

30 

28 

24 

15 

46 


0 

0 

0 

2 

2 

2 

4 

4 

7 

11 

41 


0 
0 
0 

41 
54 
63 
13 3 
143 
292 
73 3 
891 _ 

exhibiting 


— — — I 46 41 

? If “0 Pff cent s^khng^at *-R® number or percentage of preparations 

tions on the controls at five stated The time foi the performance of the 

inspection ■m.f'illf*®" h^nrs occurred in raanv Instances during the night M 
sickled inspection o^^thZ Once the preparation containing ascorbic 

Ji Hi® reduction m tlie number tended to become less frequent These 
as shown in the table niber of controls observed in the Interval beti\een 15 and -0 heiir> 


DISCUSSION 

dn f tfiE effect of the ascoibie acid solution m causing sickling nas m fail 
r ^ ^ ^ uetion of the hemoglobin and not to some other action was proved 

r ^ produce sickling m a hanging drop preparation, that is, one 

3 exposed to an The reducing action of tlie ascorbic acid solution, ho'i’ 
r, 01 the purposes of the test deseiibed here, was shown to be independent 
0 le late of metabolic consumption of 0x3 gen by the leucocytes m the piepaw 
Ills, high and low white blood cell counts respectiveb'^ were artihcia 
pro uce in different portions of a single sample of hepaimized venous b 00 
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from a patient with sicklemia eentrifugalization of the original sample 
which coutamed 7,200 white cells per cubic millimelei, removal of the buify 
coat and its addition to inothci poitioii of the sample two portions were ob 
tamed which contained lespectnch 4,000 and 38 300 white cells pei cubic milli 
meter As was to be expected from the results of otlicis* m similar experiments, 
sicUiiig appealed in a sealed piepaiation of the blood with the high white blood 
cell count within forty fi\c minutes, but failed to appear in similai piepaiatious 
of the original blood and of the blood with the low white blood ceil count e\eu 
after fifteen hours On the other hand, when to a drop of eaeii of the thiec 
samples of blood A\as added a drop of the 2 pei cent ascoibic acid solution in a 
sealed cover slip pieparation, sickling appeared within one hour lu the blood 
with the low white blood cell couut and was obseived to appear only a few 
minutes earlier in the other two specimens 


That besides the times sa\cd in its peifoiniance the use ot the ascorbic 
acid solution enhances tlie accuracy of the sickling t( st is suggested by the fact 
that about 10 per cent of the controls, as shown m Taliie I still failed to show 
sieUjng after twenty hours at room temperatme Tliat acceleiaiion of the proc 
of sickling, which usuallj lesults from the incubation of the specimen ma> 
not avoid this difficulty is sUogested by the lecent observations of Shen, Flem 
^*^01 aad Castle^* who found that the led cells of patients with sickle cell dis 
ease may fail to sieUe if the blood has hecu incubated foi twenty four hours 
lit 37 5 Q jjj pLesenee ot oxygen Thus m actual piactice it appears pos 
SI le that if sickling ui the sealed picpaiatioa in the usual climeal test is suffi 
ci^ently delay ed, the red cells of the specimen may lose more oi less completely, 
e power to become sickled Possibly an unusually slow consumption of oxygen 
specimens of blood containing reJatneh few leucocytes may be responsible 
or the uegatue results among the coutiol specimens At any rate occasionally 
It has been om experience iii tlie past that sicklnio has failed to appeal in 
l^aled co\er slip prepaiations even wlien they weie 1 ept in the meubator foi 
OB yfour hours, wliereas sickling was readily demonstrable in the fiesJi blood 
^Pou exposure to carbon dioxide gas 

Reducing agents such as methylene blue, potassium feirocyamde thiogly 
o> aud lactic and succinic acids were not as efficient as the buffered 2 pei 
othe ascoibic acid for the perfoimance of the sickling test That 

at tT &^h&t^nces may be employed successfully was suggested to us 

^ ^ m completion of these studies b\ the leport of da Siha' who states that 
an" Bflucous solution of sodium liydiosulfite caused lapid sickling in 

oover slip piepaiations of sicklemia blood We found this particulai 
0 • not voiy active Sodium thiosulfate Na S O3 SHaO f in 

‘’'dfite caused no sickluig at the end of fifteen horn's Sodium hi 

5,. * however, m 2 pei cent solution in water caused sickling of the 

m fifteen or tliiity minutes 


J T 

tMerck 


Baker Chemical Co Phllllpsburff 
ana Compan> Inc Rahnay N 
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Sodmm bisulfite (metabisulfite), -whicb is piesent m a conceutiatiou of 055 
pel cent as a stabfiizer of the sodium ascoibate m Cevalm, uudoiibtedly adds to 
the leducmg poiiei of that solution HoneAei, a 2 pel cent solutiou ot ascorbic 
aeid bi ought to pH 6 5 uith sodium carbonate and -Mithoiit added bisulfite pro- 
duced sickling n ithm an hoiii A 0 11 pei cent solution of sodium bisulfite m 

0 85 pel cent sodiiun chloiide, Avhich is the concentiation of bisulfite in the five 
fold dilution ot the Cevalm, appealed to be about as active as the diluted Ceialin 
itself The 2 pei cent solution of sodium bisulfite was without question the 
most active of the substances tested (See Addendum ) 

The piobabilitj that solutions of any lediicmg agent may deteiioiate ou 
standing exposed to an suggests the desii ability of usmg solutions fiesblj pre 
paied iiom the salt This is easily done wutli socbum bjsulfite, but ciystallme 
ascoibic acid proved to be entirely too acid and consequently injmious to the 

1 ed cells Avithout the addition ot alkali Ea en after openmg the ampule, hovr 
ever, CeAahn appears to keep its leducmg piopeities in the icebox foi some 
dajs although its exact rate ot detenoiation has not beeu ascei tamed A1 
though not as rapid in its action as the 2 per cent aqueous solution of sodium 
bisulfite, it has the practical advantage of leqiinmg only simple dilution ratier 


than Aveighing in its piepaiation 

Because foimalm is a reducing agent it was assumed that foi this reason 
tissues from patients Avith sicklemia Avlien fixed A\ith this substance more 
exhibit sickling of the eijthiocytes than do tissues fixed AVith Zenkei s ni 
This property of formalin is, howeiei, not the explanation since expernnens 
which either pieAiously sielded oi uusickled red cells were mixed 
with 10 per cent tor malm m 0 85 pei cent sodium chloride solution s owe ^ 
the formalin fixed the red cells in A\hicheA'ei phase they were expose oi^ 
should be pointed out, howevei, that the presence of sickled trait, 

capdlaiies of for malm-fixed tissues, though vabd evidence of the sic e 

does not uecessaiilj demonstrate to what extent sickbug a\ as piesent u 

Sufficient anoxia to cause extensme eiythiocjte sickling may pj. tba 

as an agonal event oi only aftei the cii dilation had ceased Avith ea 
time of the surgical lemoAal of the tissue In contiast to 'g- per leut 

fluid without added acetic acid when diluted to 10 per cent wit ^ 
solution of sodium chloride readily caused leACision of sickle of 

01 less normal appealing discoidal foims It is theietoie pro geuUr’s 

this ettect that the tissues ot patients with sicklemia Avhen fixec w 
fluid may not show the chaiacteiisticallA' shaped red cells 


SUAIM ARY 


A simple and rapid method of pioducmg siddmg of t ® descubed 

wet covei slip piepaiatious of the blood of patients with sicv lieiuo- 

The pimeiple on which the test is based is the piodiietion 
globni in the red cells bj the addition of a i educing agen /^ppioximatiuS '' 
fonn the test, a drop of a fiAmfold aqueous ddution of qh pei red 


cent solution of buffeied aseoibic acid and also contain 


0 11 pri 
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sodiujii bisulfite) 01 a drop of 2 per cent sodium bisulfite Na S O5, is added to a 
small drop of the patient^s blood on a microscope slide Aftei misjug, a 
coTerslip IS dropped ou the piepaiatiou and excess blood is expzessed b\ gentle 
pressure m ordei to produce a film of blood sufficienth tbin to permit inspection 
of individual red cells uudei the hicbpowei dr\ objective ot the micioseope 
With the diluted Cevalin solution, sickling of the blood usualh appeared within 
aa hour and with the 2 pei cent bisulfite solution it was often pieseut within 
fifteen inmutes at looiu tempeiature 

Appropriate experiments demonstiated that the nte of sickbug of the red 
blood cells caused bj the ascoibic acid solution is foi the piaetioal pui poses of 
this test, unaffected bv the rate of metabolic tonsumption of the ovjgeii bv the 
white blood cells of the specimen It was shown that formalin although a re 
ducmg agent, prompth fixes the icd blood cells in wbicluver form tbe\ aie ex 
posed to It, whethei siekled 01 uiLsieUed Zenkei s fluid howevei caused ai 
read) sicKled er^throcvtes to reassume a disioidal appeal ime which probablj 
accouuh for the fact that histologic piepaiotions oj tissues tiom patients with 
sicklemia when fixed with Zenlei s fluid ma\ not exhibit suMed led cells in 
the capillaries as clearlj as when tlie tissues aie fivtd with toimalni 


VDDENDUM 

Since this XTticlo wont to pnss two couimmu atjons hi\t h«t?Tv reported Dr Janet 
Watson, of the Long Island College of Mcdicmc lm<< reported 1\ pr onal communication 
nhservatiocs maJe by Dr James SIcGo^eru of Bellevue Hospital New \ork These investi 
gators observed siekhog in cover slip preparation^ occurria^ in Ic s tiun five minutes when 
using a 1 per cent solution of sodium acid sultitc (bisulfite; NnHSO Baker The first appear 
^ of any sickled cells around the periphery of the cover hp preparations was considered 
M the end point 

Louis Thomas and Dr Chandler 1 Stetson Jr have receiitlj made a preliminary 
Import on “Sulfhjdrjl Compounds and the Sjckhng Flieoomenon * Tho^e authors report 
JickUng 12 lesjj than ono Iialf hour m wet preparations made with reducing substances such 
a saturated solution of lijdrogen sulfide cjsteinc (Oo molar solution) and BVL fOl molar 
Miction of 2,3 dimercaptopropanol) 
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ANTI A AND ANTI B ISOAGGLUTININ TITEKS IN 
Eh nniUNIZED PREGN-V.NT WOMEN 

0 J Brfndlmoen, M D , C Brendemoi:'! JI D 
Osio, Norwvi 


'T’HE discovery ot the ABO blood tjpes then iieiedit> and antJt,eiuc inopei 
ties nid tlieir Mgiuficauce lu blood tiansfusions biouf,bt forth many jeais 
ago the question whether aVBO incomp itibilit\ duiin^ pregnancy might be 
responsible for disease duiing 2)ieoU»»c\ oi iii the neyboin infant Ve^^ ieu 
cou^inciDg eases ha\e been lepoited pies(.iitin„ conclusne evidence tliat ABO 
incompatibility maj be of pathologic impoitdiu< ilunng pier,ndiie^ ^ 

Oil the other hand, the autij^eiiic piopeities of tlie \ and B blood groups 
^pregnancies yith ABO incompatibility liaAe been demonstiattd se\eral times 
Jonssou’ -was the fii'st to demoustiatt tJie ple^eIlce ot potent anti A and 
antiB lysins m the motheis about thiee months aftoi the ileli\ei> as a lather 
selectue response to A oi B antigen in the fetus 

Boorman and cowoikcis* and Smith ba^e confnmed tins by studying 
isoagglutimn titers They fouud only a sli^lit inciease duuug piegnancy, but 
s rapid and marked ineieaso yas seen shoitly after deli\er\ Smith found this 
increase of titer only m cases ybeic the infants yeie secietois 

The discovLiy of incompatibility m the Rh system as the most common 
cause of hemolytic disease in the newborn infant gave use to new problems 
such as AVby is Rh immunization duiiiip piegnancy not a more common occur 
renee m viey of the fact that the possilnlity of Rh immunization so often exists ? 
•^nd anotliei question Is theic ui\ lelation hetyeen Rh and A oi B inunu 
nization? 


Witli regal d to the I ittei question Lex me*' has found a somewhat higher 
iiicidence of Rli immunization in ABO compatible piegnancies Chown^ and 
avidsolm® found an increased AB incidence iii Rh immunized women On 
me other hand, Gureviteh and co workers® haae published two cases where 
icre apparently might have been a positi\e coiielation between A and Rh im 
inuiiizatiou In conformity with this Wiener*® has fouud in RIi imiuumzed 
^^onien who have borne A oi B chiidicn in 4BO incompatible pregnancies a high 
^uti A or anti B titer lespectively 

Tina study, which is based upon blood saiuiiles from piegnaiit women, aims 
at an investigation of anti A and anti B isoaggliitmm titeis in Rh immunized 
■''■omen compared with adequate control inateiial Tlie results thus obtained 
necessitated an imestigahon of the aauous nnti Rh fractions The work was 
during the autumn of 1947 


Recehed for publication ilay 3 1948 
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BRENDEMOEN AND BRENDEMOEN 


MATERIAL AND METHODS 

Material — The anti Kh contaiuing sera which were e\anuned nere samp es obtamd 
from women in the last tno months of pregnancj Of 25,000 simples S7 toatamed Eb 
antibody 

Methods for Soutine Sh Determination — The samples nere tested for Eh in the ii«ual 
manner Cells from the coagula were suspended to 2 per cent in sahne One drop of the 
suspension was mixed in small test tubes with 1 drop of anti Rh serum Tlie tubes were in 
cubated at 37° C for tno hours, and the sediment then was examined for agglutination on 
slides under the microscope Tuo different anti Rh testing sera nere used paralldl), one 
containing anti D only and one containing anti D + C, both possessmg good agghitmatmj, 
power in saline media Sera from all samples, including Rh positive ones, uere teded v 
the same teclmique against a panel of Rh genotyped O cells Tlireo drops of serum p us 
drop of a 2 per cent suspension of cells in saline uere used Sera giving dubious reac ions 
and sera from Rh negative individuals to a great extent uere examined also bj “ 

slide test or tested against cells suspended in serum and/or albumin and also par j e= 

by the Coombs’ tcchmque <, ri of 

btorage and Control— The Eh containing sera a\ere stored at -10° C, and 
thirty sera then were tested As a control for the isoagglutmins anti A an am , 
sera from Eh negative piegnant uomen who were not immunized and 1 sera r ^ 
tive pregnant women weie used The control sera were picked out at ran om 
of SIX months and were stored and handled in the same a\ ay as t le sera 

antibody Krrn - The antiD 

Determination of the Vanous AntiBh F) actions Contained m i ^ 

fraction contained in the auti Rh sera i\as determined by titration <; 0 ruiii 

salme media against 0 R^r cells suspended in serum and m sa me titration was per 

media used were mixtures of fresh O Eh+ sera from blood donors fnruihrv pipe**® 

formed in relatively large Eh test tubes uith a relatively heavj ca i ere 
graded to approximately 0 06 cubic centimeteis The same pipe e wa After ineuba 
tribution of dilution fluid and for the distribution of the suspension ot ce 
tion for two hours at 37° C the test was read microscopically content of 

The sera were also tested against O E'r and O E' r cells to ^ ^f the veils 
anti C and anti E agglutinins Two drops of the serum were mixo wi i ascertain the 
suspended in saline All of the eighty seven anti Eh sera also were es ^ ^ 

content of anti C'" agglutinin, all seia being paralleUj tested agama contunii? 

cells in wliich D antigen was blocked Blocking was performs wi partum after the 
anti D + E exolusivel) in incomplete form (blocking serum taken po ^ ^ 
third stiUbirth in an Eh negative woman who was married to an j pjyj^es of a 2o pe^ 
volume of washed, packed O Ej^r and O E,r ceEs was mixed ggptrifugated anl 

cent blockmg serum in sabne, incubated for fifteen minutes at jus 

washed with saline once, and then suspended to 2 per cent in sa ne pg rias nsei* 

pension was added to 2 drops of anti Eh serum Otherwise the g isoagg'" 

Determination of Anti A and Anti B Isoaglutinins The ,aiiie Eh po“ib''® 

tinins in all three groups w ere then determined in parallel series auproximateb ^ 

Aj and B ceUs from fresh coagula The cells were suspende ° ^ successively double^ 
cent suspension in isotonic saline The titrations were per orme i ^gjon were 0 

dilutions m teat tubes The volumes of each serum dilution and c ^ afterward= 
cubic centimeter The test tube racks were then placed overnig a uiucroscopica 

for one hour at room temperature The reading of end point ti pp the tu*’® 

against a strongly illuminated white background, direct i umm 
avoided 

lonal titei values 

For calculating the titei lesults the logs of the fjist tube ouh 

was used (titer step values) The sera agglutinating ce s i 
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then have the titer \alue 1 In Tables I and II the aiitliinetic aveiages foi the 
titer \alues in the various gioups are lecorded with the deMation of the means 


IJ- 


V 


^ (X— X) 
(n— 1) n 


Where X is the single obse^^atlon m the group 
Where X is the arithmetic aveiage in the gioup 
Where n is the number of observations in the group 


Whether ditfeiences beh\een the avenge values had aiij leal statistical 


importance \\as tested with the foimnla 





which IS the di/Fereuce divided by the deviation of the diffeiciiLe That t is 
greater than 3 was taken as a sign tliat the diffeience is leal (not due to chance) 
Furthermore, some corielation coefficients (r) were calculated even though 
the material really was too small for such an anahsis 


r 


1 _ _ 
n ^X U — X U 
(T X (T U 


wliere a X 



IS the dev lation of X m the gi oup 

The Antibody Content in the Seta — Piozonc phenomenon against 0 i 
cells in saline medium was seen lu five seia, that is no agglutination in the fii^st 
or m the second and thud tube no prozone m seium medium A relatively 
large number (four) of the seia contained aiiti D+( +E For tliree of these seia 
some kind of family control was obtained Rh negative multipans mariied to 
aiou of the genoty^pe Of, D-f, E-f, c+ 


Tvble I Anti D Titers and the CoNTfcN.T oi- V\ti C C E in Vnti Ku Sera and the 
D lSTriBlTION TO the VBO SVSTEII 




AVEI \OE OF \NTI 1> TITERS 

ANTIBODY 

1 NUUBLU 1 

NaCl MEDU \r ! SEiuni medium 


t = 2 80 


A 

Anti D only 
Anti D+C 
D+CfC» 
AntiD 

Anti D+C 

+E 

+E 

23 

9 

G 

4 

3 

2 39± 

!• 

3 55± 

0 50 

= 108 

0 47 


4 91± 

0 74 

= 1 74 

0 6o 

t = 3 8o 

i 

0 

t 

04+ 











t = 1 06 





^ti D only 


15 

2 

53± 

0 02 


4 13i 

0 73 


Anti B+C 


11 








0 

Anh D+CfC» 
AntiD 

+E 

0 

1 


t 

= 164 

t = 3 19 


t 

= 2 60 



Anti D+C 

+E 

1 

3 89± 

0o4 


G89± 

0 76 

B 

Anti D onij 


5 

3 

«0± 



3 60+ 

116 
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The distubution of the anf-i 

tT *“* JlBO and IK 

- ‘~.s: rc? 1;;;? 

f;i:rizrr:,.£p=r;r“r 

Nation coefficients detemmed by the following' com 


A blood r „ „ 

In 0 blood 1 

r.„.„ “■'tl-D bcrum = +0 60 


GROUP I 
NEGATIYR 
■WITH 

Bh antibodies 



GROUP H 
Rll POSITIVE 
WITHOUT 
Ril WTI BODIES 

TlF 

Ola 

51 

7 40 
015 
40 


GKODP m 
BJi VEfiinre 
■nnHODT 
Bh UiTlBOMIS 


T'able II sii£ - - 1 IQ 

n omen with Ilh{^Tffiody\i!!!„‘'"*£ 0 blood m Blinegatne 

tlie anti-A titers m 0 Lrl n group, while 

ei’oups The diffeienee + show no noticeable diffeience between the 
outlined ^ titers was tested by the method previouslv 


«rourinT' 

Group II I t 4C7 

Group ITT I t 3 03 

1 against H t 1 63 


anti B titers in 0 BLOOD 
Group in against I t 4 55 

Group n against I t 3 72 

Thus It J- oo Group m against II t 13S 

antibody eompaied ■with tl^^^ anti-B titers m Rh-negative women with Rt 
to be caused by chance ‘^^Rtrol gioups give diffieiences which aie too large 
values less than 1 The similai testing of the anti A titers m 0 blood gave 

suggests that theie ma titeis m Eh-negative, Eh-immumzed women 

fllT+ll 01 TV^r^■«„ ay be an antaHoniRm Uaf™ nn o-n+t T? nt-i/l o-nfj Eh, and 


suggests that theie ma iT Eh-negative, Eh-immumzea worn™ 

furtheimore, a possibl ^ ® antagonism between anti-B and anti Eh, and 
mined agauist B EhA ^ con elation between the autiB titers deter 

The con elation coeffi ^ anti-D titeis determined agamst 0 Bo r cells 

titers in saline mprin!!!?^^ m the connection between autiB titers and anti 9 

,1 J.. Ti vn S^rUin 


titers in saline mecl connection between anti B titers and 

medium was ealculai^^wn^^ between auti-B titeis and anti-D titers m 
such an analysis ^ uorefore, even though the material w’as too small for 


aoti-B aoti d , 
r,„„ „ '“Ol medlun, = 

aOCl^B Aaci 7> »„ 

»orum medium 


CORRELATION COEFFICIENTS (r) IN 
A BLOOD 0 BLOOD 

+ 0 4S +0 02 

- 0 05 + 011 
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That means that a simple ne^atue couelatioii between anti B and anti D 
titers cannot be demoiLstiated 

COMMENT 

It IS possible that the aieia^e age of Rli ne^atne, Kh immunized Momen 
IS somewhat highei than that of the contiol It is a fact tliat tlie isoagglu 

tmm titers decrease with increasing age attei adult life Titrating the anti B 
m about 1,200 women of ^diious ages Ilntmann" tound a deuease ot the 
aierage titer of approximatelj one thud titei step among women between 18 
and oO jears of age The anti A titeis wete determined in the same wa> in 
about 700 women, and the decieasc with age in titei \alues paialleled the de 
crease in anti B titer The anti B titei m Rh iiegatne Rli immunized women is 
a whole titer step lower than the anti B titeis ni the tontiol "liile the 

corresponding anti A titers show iieithei s\stematic noi definite statistical 
difference A possible diffeieuce in age m the thice p roups does not theiefoie, 
eiplaiu wh4 the anti B titei is so low in Rh uegatue Rh immunized women 


SUMMVRY 

Eighty seven antenatal anti Rh seia weic tested to usrcrtain the ABO iXN 
distribution and the content of \aiious fiactioiis of Rii anti bod\ and the anti 
B and anti A isoagglutiiiiii titeis 

The ABO and JIN distiibutioii was within normal limits Lowei anti B 
titers are found in Rli uegatue women witli Rh antibodies compaied with 
Rh negative women without Rh antibodies and also compaied with Rh positive 
women The difference (one titei step) is too large to be caused b> chance 
A possible negatue couelatioii between uiti D and anti B titers cannot be 
demonstrated 
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FACTORS IN THE USE OF MERCURIC BICHLORIDE 
FOR BIOLOGIC STUDIES 

With Especivl Reference to Blood Counts 

Edna H Toirpkins, M D 
New Haven, Conn 

IT AT EM fiist used the solution which has come to be designated bi Ins name 
in 01 del to meet his need of a diluent toi e\peiimental studies with blood 
He simply adapted to his needs a fixative which he was accustomed to use for 
tissues in geneial Its widespiead adoption came about duinig the eaih phases 
of qnantitatiie blood studies befoie demands foi stimgent aceuiac}’’ had been 
foimulated Vaiious woikeis have found inadequacies of distiibutioa in its 
use and ha\e ofteied foimulas toi othei diluents as well as suggestions to lessen 
this difficulty with Hayem’s solution The eiiois in distiibutiou in the use of 
the solution usuallj' hate been attiibuted to clumpmg oi baUmg of cells m the 
diluting pipettes though Joigensen* also found unequal distiibution on the 
counting ehambei filled in the mannei then in vogue The clumping usuall) 
was aseiibed to the age ot the diluent and to a piecipitate that may occur vith 
age Upon development of then mechanical lotoi foi mixing blood, Brjanancl 
Gaiiey® found that while avoidance of these factois lepresents impoitant pK 
cautions, it is safei to use a diluent foi led blood counts that does not contam 
biehloiide They suggest the use of Toison’s solution They found the distn 
bution of cells to be veiy exact when the lotoi was used for white counts 
Climiijmg does not occur m Avlute counts Ch’n and Poikuei^ also found that 
the pieseiice ot bichloiide in the diluent causes clumpmg m certain pathologn 
blood, even when the pipettes aie shaken by baud They suggest that t ^ 
clumpmg is due to the efiects ot the bichloiide on the plasma pioteuis, but t c 
did not investigate the pioblem fiom that augle and confined their studies 
substitution of a ditiei ent diluent, Gowei ’s solution These as well as o 
suggestions foi substitution of diffeient diluents nevei have lecened gene 
adoption, and Hayeni’s solution has continued to be the diluent m cr 
use without legard for the dangeis of distiibutiou mheieut m its use 
causes undeilymg the inequalities of distiibutiou lu the use of bichlori e^^^^ 
diluents weie not mvestigated Examination of the causes was, t eie^ 
undertaken m au eftoit to so modify the foimiila of Hayem’s 
avoid the dangeis mheient m it, lathei than to attempt furthei substi u 
a diffeient diluent 

It was found that satisfactoiy modification of Ha3^em’s fomula 
Horn eithei of two appioaehes ( 1 ) the content of bichloiide cau be le 
low as that in Joigensen’s solution, togethei with caieful regulation o 

From the Lahoratory of Applied Physiology Yale Um\ersitj 

Received for publication JIaj 20 1948 

109i 


coniuicu 
Tiie 



FACTORS l^ US? OP JIEnCURIC BICHLORIDE FOB BIOLOGIC STUDIES 109*) 


withm a nairoir zone oi (2) t piotectne siibstmce, such as e,elitin ox lecithin 
can he added to the foimula fox Ilajem s solution witliout cousideiation of pH 
up to 7 0 bsc of gel itin nas tound to he tin. moie piactical method The ad 
^a^tages of its use ineiiaiatiou of the solution and compausou betiveen counts 
made uith it and uith Ilajeni’s solution nithont gelatin oi uith Jorgensen's 
solution have been published biielU Tht studies that follow aie those that 
were cairied out to deteimiae the causes that undeilie the clumping of blood 
with diluents that contain bichloiide ind the factovs that opeiate in the pie 
leiition affoided b\ the methods found Qhe\ aic piesented not onh because 
of then peitincuce to the use of dduciits which coutaai mereuiic bichloride foi 
blood counts, but also because tliej indicate the significance of the pll and ionic 
content of diagnostic and thei ipeutic agents in tlie pretipitatne agglutinutne 
and colloidal phenomena of the blood 

JIETHODS 

Tho studies required approacli from several aspects an 3 it <!tenig prefer iblo therefore 
oa the whole, to describe the molliods employed as tarh group of tin hags i presented 
Coasdjuently only tUo«c procedures trill be dovcribed at this point tvbicli were u'^ed routiaelv 
to detennma the data for each sot of e^pcTtmcnts 

All of tho studies were made upon tho blood of a <5iogle individual Except where tie 
shihw were made on fractions of wliolo blood all «»tudjes were made by drawmg Mood in^o 
cutODiatio pipette^, both Treuaer and Kaal from a freciv flowing finger stic k and imnie 
^lately diluting with the desired solution The pipettes were shaken a feu times by hand 
and then rotated for thirty minutes or longer on a commercial model of the Bn an Garre) 
rotor Control studies made with one of the original rotors were entirely similar The 
^catleness and smoothness of tho nioiement'' of the rotor together witli the fact that it 
tones m Hxed planes, permit detection of very «;light degrees of precipitation or aggregation 
and therefore facilitated in the elucidation of tho underlying factors that feature in the 
oceurrence and prevention of clumping m blood counts 

The occurrence of precipitation aggregation clumping and so on in the pipettes was 
ctemiined by microscopic inspection of counting chambers filled as for counts Levy 
4QS er chambers with iraproiel Neubauer ruling were u*?cd 

The deterimnations of the hjdrogcnion concentrations of the solutions were made by 
tocaas of a Ueilige pH meter to which were attached tho glass electrode and calomel tube 
a Beckmann meter Solutions of HCl and NnOH were used for adjustments of pH 
ass woiglung bottles wero used as containers for the solutions and tho pipettes were filled 
‘fcctly from them immediately after adjustment Tho fluid from tho pipettes was in turn 
pressed directly into cups when the pH of the contents was to be determined 

PRESEKTmON \ND DISCUSSION OF E^PFRIilEVT VL D tTA 

Tile experimental data aie piesented in Tables I to IV and in Fig 1 The 
'alues foi pU stated m the following studies and lecorded in the tables repre 
“lit the pll o£ the diluents befoie thet ueie mixed in tlie pipettes with the 
Wood or fractions theicof Tlie pH leadmss of the resultant iiii'itures ivero 
“oihficd aecordnifc to the buffering action of the different biologic fluids and 
'•Of'is arc gneii in Pig 1 to show the leadings of the mixtures under tanous 
'tMwiental conditions The pH leadings of the original diluents before ex 
Porimeiital adjustments weie as follows Hajem s solution 5 3 Hateiu’s solu 
boa plu, ^elatin, f 9 , Jorgensen ’s solution, 5 3 , saline base 6 0 AU pH values 
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aie lecoicled, appioximately, to the neaiest 0 5 leading- Blank leeoidnigs mdt 
cate lack of data at those values Absence of leaction (that is pieeipitation, 
aggregation, oi clumping) at any paiticular value is tabulated as zeio The pies' 
ence of reaction at any pH i eading is indicated bj a plus sign It does not 
seem impoitant to indicate the degiee oi qualitative ehaiacteristics of the re 
action since these aie legulated, m laige pait, by combinations of faetora sadi 
as the physical chaiacteiistics of any paiticulai pieeipitation and its capacitv 
to be lolled into balls and to catch cells, by the preseue oi absence of plasma 
01 serum in any paiticulai test of the senes, by siuface forces of the cells. 



1 — Change in pH of diluents bj admixture ulth uhole blood or plasma 

11 respective of pieeipitation ivitlim the plasma, and so foitli It is these fudor 
which aie often count ei acted bj vigoious shaking with the lesult that tie w 
del lying precipitation oi aggiegation is obsciued Therefoie only 
01 absence of leaetion in the pipettes at any given pH with any 
is tabulated, without lecoid of the physical state ot the reaction The 
be deseiibed and discussed wheie it seems significant to the undeistau 
the faetoi-s mvolved in its foimation Ditfeientiation between 
used in these discussions may he aided by definition at this pout The 
eipitation is employed to indicate the oecuiieuce of diftuse, finO; crysta inc^ 
tides thioughout the menstiuum The teiras aggiegation and agghitma^^ 
employed sjTionyinonsly to indicate close adheienee of 
othei without adhesive mechanism that is micioscopicallv 'visih e 
states differ, apparently, only in the numbei of cells adlieient 
Agglutination appaiently lepresents aggiegation of sufficient ce 
settling of the masses The teims clumping and balling aie used ,p,(ate 
to indicate the conditions usually met in whole blood when cells an 
unite in fibiinons masses 
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Action of BicMoiule as a Fixative — Studies made bj tbo addition of oHiei 
umelated tissue fi\atnes to the salme base of Ilaj em s oi Joi£,ensen’s sohi 
tion indicate tint the chiiiipiiig effett on blood of diluents that contain bi 
chloride (Pig 2, 3 to 6} is lelited to its uctioii as a biologic fixatiie The solii 
tions to be tested iveic mixed nith whole blood in pipettes and lotated foi a 
short period in the iiiaiinei used in nial mg blood counts with Hdxein’s oi Jor 
genseu’s solution The saline base alone caused no clumping and onlj ques 
(loiialile hsis at the hjdiogen ion eoiiceiitiatioiis midci stiidj (Table I) Addi 
tion of absolute alcohol to the saline base in dilutions up to 90 per cent bj xol 
ume caused Ijsis, aboie that it caused clumping siinihi to the clumping oh 
sened ivith Hajem’s solution The same statements hold foi solutions of sa 
line base and acetone They caused Ijsis in dilutions up to 55 volumes per cent 
and clumping aboie that piopoition Foimalm caused hsis nheii the pH nas 
below 50 Abeie that, formalin caused iieithei lisis nor clumping in concentra 
tions between 10 and GO xolumes pei cent Concentrations aboxe that eansed 
clumping In similai maunei a balance was found to exist between hemolysis 

table I Effect oi pH on Ccumpixg of Wiiocc Bcood Wrru Diffebext Dituzxrs 


lasen’smtli 25%HgCl 
th 50% HgCl, 
ith is7o HgCl 
‘It 100% HgC! 

'll l'’5% HgCl 
'hi 150% HgO 

‘CQ a 

^ gelatin 



““ gchtin 0 0 0 

+ + 0 0 0 

“» a drops Na2\VOl + + + 

"» 10 Irops Na 2 \V 04 + + + + + + + + 

IS Lgalaiia ^ 4- -L n 0 0 

t reaction m the form of preelpilatlon naercEatlon agglutination or clumping 

5 frank precipitate L, somv- desrce of l>sls 0 no visible reaction 

Zi “luolea made 

arn.au^«*’V‘v®J“^Ge3 of HgClj recorded with the dilutions of JOrgenaen s solution refer to 
wni of HgClj used compared -nith the normal amout for Jbrgenseu s solution 
*°Iu»on ^ solutions of ^aUO< were made bj uso of the same dropper and a 10 per cent stock 
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and clumping, dependent upon the piopoitions of biehloude added to the saline 
base (Table I) When added in the piopoition of 25 pei cent of the amount in 
Jorgensen’s solution (0 012 Gm to 100 e c ) lysis alone occiiiied below pH 
7 0, and clumping above In a piopoition of 50 pei cent of that in Joigeiiseu’s 
solution both lysis and clumping occuiied when the pH vas below 70, and 
clumping onlj'^ at highei Amines When the content Avas 75 pei cent of that 
m Joigensen’s solution lysis accompanied by clumping occuned only below pll 
6 0, Avhile clumping alone occuned above pH 7 0 The nairoAV zone between 
these values Avas neutial as fai as these effects Avere conceiued— neither Ijsb 
noi clumping occuned With full stiength Joigensen’s solution, that is OOo 
Gm pel 100 c c , the neutial zone Avas extended somewhat on the acid side but 
otheiwise the eimuts weie similai to those Aiith 50 per cent concentration en 
the concenti ation Avas 125 pei cent of that in Joigensen s solution the neura 
zone was extended still moie to the acid side, while the events m the asic 
lection lemamed iinalteied At a concentiation of 150 pei cent o a 
Joigensen’s solution, lysis ceased and clumping alone occuned on o si 
a neutial zone, and the leaetions became moie like those obtaine avi ) 
solution With the lattei, lysis did not occiii at the pH values 
clumping occuned at all pH IcA'els, AVith a tendency, howeAei, 
zone m the same legiou as the neutial zones with the Aveakei so u lo 

It seems obvious theiefoie that many, if not all, fixatives 
ways If sufficiently dilute they cause moie or less lysis, av 
not be accompanied by clumping of cells that have not een c 
liability to lysis is influenced not only by dilution but a so ^ 
diluent If sufficiently concenti ated the fixatives no as 

exeit only a clumping action Expeiimental explanation o , folloi' 

fai as biehloude is coneeined, is piesented ui the groups o s u 

The dangei of lysis as Avell as of clumpmg in the ° jg ok 

tion as a diluent foi led counts, unless the pH is caiefu y c 
vious The clinical significance of this is discussed elseAV eie 

Whoh B’ood 

The Belationsliip of the pS of the Diluent to fouai to 

(Table I) — As stated pieiaonsly, addition of lecithin 2 , compare 

pi event the clumping mheient in the use of Hayem s so ^ Tiiotectne action 
2 and 7 with 1, 3, 4, 5, and 6) The factors inA'olve lu 


. wg jnm oWectl'® ^lut 

Fig 2— The low-power magnifications were obtained and XlO Illu=12j" 

immediately after 


occular the high-po\%er magnifications '^ith a l imii tv 

Ing pipettes were rotated for thirty minutes beolrmln, unadjusted Hajems f “lion 

about the best distribution obtainable with stantord g"(jernonstrable laJ” 3 Dbin'i (or 
m this case the tendenc^ toward aggregation of „ s solution '' as ■* 8 p^rev Oa-': ^1 

groups scattered here and there The pH of the been left in a „ j DeW 

with Ha>ems solution containing gelatin nilm mi-^re ’ mixture w g^ail It 

many months Aggregation of cells did not oocur i^e PH ^^^jjusted to pH ^ 1 
of the aggregates in preparation made with Hajera s solu P’af'V^n as f tut fm® 

of cells aggiegate rather tightly Little PfomP'ta-t® “fl.g j. Same solution a prepa^j 

rarely becomes intermingled with the aggregates of cells ^ ^ P'’°m standard “’JpA^Vltb 

different nipette The tendencj toward aggiegation of ceus ^‘th stamia^j b-iiled ^ 

tion 5 Same as 4 Detail of the aggregates *n prepa atmn ‘^5 niade wiii' en 

Hayem s solution Onlj a few ceUs occur in each aggregate preparations made pn-“ 

a soft amorphous precipitate 6 , Detail of the agoregates masses and ^ 

solution adjusted to pH 7 2 Cells agglutinate into large ^ gp e as -j^pjency town 

meshed with large amounts of refractive gelatin There is 

parations made with Hayem s solution cnntoinmg Ecm. 
aggregation of cells and any precipitate remains scattere 
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have been studied in detail for solutions containing gelatin The gelatin ivas 
added in the proportion of 0 01 Gm to 100 cc of Hayem’s solution The 
method of piepaiation and the piecautions have been puhlishecP 

It alieady has been shown that Hayem’s solution caused clumping of the 
blood at all pH levels that weic studied It may be seen fiom Table I that 
when the solution contained gelatm, however, clumping was inhibited beloiv 
pH 7 0 If the piopoition of bichloiide in the diluent was i educed to that 
in Jorgensen’s solution (as was also discussed in the piecedmg section) clinnp 
mg occuiied on both sides of a neutial zone, between pH 5 0 and 7 0, in winch 
neithei clumping noi lysis oeeuired In addition to clumping, lysis ot some 
of the cells occuiied on the acid side of that zone As the concentrations o 
bichloiide weie leduced, lysis and clumping on the acid side of the neii la zoii 
took place at ineieasingly gieatei pH, with conseciiieiit naiiowing of the o 
As the coucentiations ot bichloiide wcie inci eased, lysis and clumping 
acid side of the neutial zone occuiied only at nicieasmglj owei p , 
consequent widening of the zone When the coueentiation was 
did not occui at all and the leaction became similai to la wi 
solution It may be seen Horn Table I that gelatin aftoided the same 
action against clumping with the weakei solutions o ^ 

Hayem’s solution In addition it also piotected agaius e mmQusre 

weak acid solutions ot bichloiide The studies with tiese bichloride 

veal, theiefoie, something ot the chaiactei of the clumping ® Hayem's 

bettei than those made wnth a concenti ation mteus’ 

solution They bung out the tact that clumping wit ic oii 
on both side's of a middle zone of pH and that when t e so ii Addition 

a neutial ■'one at w'hich clumping does not occui ecomes 
of gelatin is effective only on the acid side of that zone (^blonde, there 

In addition to the piecedmg findiiigs with the diffeiei"-^" 

also weie obseived qualitative, though not necessaiij qua _ ^ahlt> 

in the chaiactei of the clumping at dilteient levels o p suiioiiad'n!:' 

the eijdhiocytes aggiegated into gioiips that seeme o.„j^ec'ated, hut m 

mateiial (Pig 2, 3) At liighei values they also o ten ° oi hhuu 
addition they weie alwmys enmeshed oi eiiibeddec m an appoarou*-^ 

ous backgiound (Pig 2, 5 and 6) This backgiom ^ coaise, re 

from a iamtH amoiphoiis chaiactei at the P Pbiinous the appo^’^ 

fi active, fibimoiis nature at the liighei leadings ^.f^^ptpptriouud so that the 
ance, the moie seatteied weie the cells m and about e clottiuS^^ 

clumps took on the appeal ance which is commo J o se 
been allowed to occui befoie addition of the diluen b'u-e 

When sodium tungstate was substituted foi bich pie solutw'*’ 

and this diluent was used ivith ivhole blood in the ^,beii the " 

containing bichloiide, clumping occuiied at all j, ^as weak 

salt was concentiated, but only at pH 4 0 oi addition of 

Similar to the reaction m solutions containing ic ’ contias 

the diluent pi evented clumping m one diiection o p , 
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eff»t m solutions containing b.chloiule it pieicnted clnmping in the basic 
instead of the acid direction In olliei -nords, strong and weak concentrations 
of sodium tungs ate exerted an effect on whole blood ainlogons to that of bichio 
nde, except that the pH lei el at winch clumping occnired ii'respectne of the 
presence of gelatin, was reiersed to the acid side In addition, Ijsis was not 
detected under aiij of the experiinentnl circumstances These leactioiis be 
tween whole blood and sodinm tungstate will be disciLsscd fuithei under Corre 
latioii and Discussion of Experimental Findings 

reveal the following facts first with concen 
l»ri “ hidiloude clumping ot cells occuiied at all pH 

of charactei of the clumping \aiied second with weaker solutions 

chloride a neutial zone was piesent at which cliiiiipiiig did not occur, but 
7 ™*”' “ °<=8‘ecs of lysis, as well as clumping oecuried on the acid side of that 
™e and elunipui^ only on the basic side thud solutions of sodium tung 
bichoride, acted in a mannei siiiiilai to solutions of bichloiide 
levplfl * 1 ^ reversal of the critical le\el of pll ilunipin" occiined at all 

S solutions 

,n!v,, ’ protection fiom the clumping of blood with solutions of 

Drnt»nra pH 7 0 or sodium tungstate above pH 6 0 It also 

e the cells from hsis with weal acid solutions of bicliloride 
of Tnpt n ° clumping^ of the blood is 'issociated with the presence 

of ^ prevented bj the addition of gel itin at ceitain ranges 

carripti "v aiding with the salt employed The following studies were 

in th tleteriuine tlie part plajed b^ the ditferent fractions of the blood 

tinf ^ ° and the nature of the forces that respond to pH and of those 

are inhibited by gelatin 

studf^"*^* IFif/i Whole Washed E,yih,ocyles (Table //) -Blood for these 
collected by venous punctuie in tubes eontaimng eithei dried so 
Were ^ drop of i concentiated solution of sodium oxalate The tubes 

tlescnb^^ r plasma was collected sepaiatelv foi studies to be 

line c^^Ls weie washed with about 10 volumes of phjsiologic sa 

six or^^ separated, and lew ashed until tlie piocess had been lepeated 

^hiie Tile eiythrocytes were then suspended in equal volumes of 

them ’suspension was used with the pipettes and \aiious diluents in 

undei the conditions described in the studies with A^hole blood 
■tt’eie found to aggiegate, oi agglutinate not oiilj with 
^most ^ but also with all dilutions of Jorgensen's solution emplojed 

"ith uf the pH The aggregation was similar to that observed 

*s the'^ ° ^ blood in Hayem's solution at ler^ low pH values (Fig 2, 3) That 
'Tjjj, ^Soiegates appealed fiee of any nmorplious oi fibrinous bael gioimd 
inhibited bj gelatin below pH 6 5 'With sodium tung 
fiidp nvvi ^ utbei hand aggi elation of er> tliroci tes occuired onl> on the acid 
^ Was unaffected by gelatin 

^rom these findings that while the fibiiiious qualities in the 
^cSfeirar ^ ^^ole blood -with bichloride are related to the pieseiice of plasma, 
ion of the eiythroejtes is independent of the plasma Furthermore, 
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it IS obvious that plasma actually gives piotectioii tioui aggiegatioii m tlie 
neutral zone when the metallic salt is weak enough Gelatin acts as a more 
potent protective agent and piotects even with strong solutions of the metallic 
salt 

Lysis did not oeeui with the iveak solutions of hichloiide as it did mtli 
whole blood It seems probable that the moie fragile cells had been lysed auto- 
matically in the process of washing and that the lemammg cells weie suikcieiith 
resistant foi the conditions of the expeiiment 

Studies With Lysed, Washed, Enjthiocytes (Table 11 ) — The saline sus- 
pensions of erythrocytes that iveie used for the preceding studies i\ith whole 
washed erythrocytes iveie centiifuged and freed of as much sahne as possible 
They were lysed by the addition of about twice then volume of distilled water 
The solutions weie centrifuged and the siipeiuatant fluid was filtered tliiougli 


Table II Effect oi pH ov Clumping oi Washed Bed Biood Ceiis and Pilteked Lisin 
Bed Blood Cells With Different Diluents 





pH 



DILUENT 

35 1 40 1 45 1 

50 1 55 1 

60 1 05 

1 7£J 

1 7d I ‘iO. 


1 Fashed Led 

Blood Cells 




Jorgensen’s with 25% HgCl* 

0 


+ 



With 100% HgCl 
gelatin 

0 


0 


0 

WTth 100% HgCl 

+ 

+ 

-I- 

+ 

t 

With 100%HgCl plus 
gelatin 

0 

0 

0 

0 

+ 


Hayem's 
Plus gelatin 

Saline base plus 5 drops 
Na2W04t 

Plus 5 drops Na2W0-l plus 
gelatin 

Saline base 


-I- 

0 

+ 


Jorgensen's with 25% HgCl 

With 100% HgCk 
Drawn to automatic stop 
only 

With 100% HgCl plus 
gelatin 

Hayem’s 
Plus gelatin 

Saline base plus 5 drops 
Nd2W04 

Saline base 


Lysed Led Blood Cellst 


■I- 

+ 


-h 

0 


? 

+ 

0 

0 



+ Positive reaction in the form of piecipitation assre^ation aggmtmaO^^^ 
opalesence but no frank precipitate 0 no visible reaction Diana 
•See footnote • Table I 

fSee footnote f Table I , of tbe 

JThe fluid for these tests uas> dra'wn to about one tenth the 
of to the automatic stop 
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Yo 5 Whatman paper No meinbianes could be found imeioseopie exaini 
nation after this treatment Tlie filtiate uas subjected to tests similai to those 
employed -with wliole erj thiocj tes If sufficient of the filtiate Mas used, it was 
precipitated by either Hayem’s oi Joigensen s solution at all liydiogeu ion con 
ceutratioiis studied, and the precipitation ms not pie\ented by the presence of 
Selatm in the diluent in the usual piopoitions Witli sodium tungstate, pre 
cipitatiou occurred up to but not beyond pH 4 5 Theie uas no diffeience be 
tween the reactions of the enthiocytes tint had been piocured by the use of 
oxalate and those procured by the use of citnte 

The unpiotected, Mashed erythrocytes ob\lousI^ had leaeted to the diluents 
in accord with the leactioiis ot then contents to the same diluents but they 
could be prevented from eeitain of the reactions b\ the presence of gelatin 
while the contents Mere not tiiiis pioteeted fioin leaction It Mould seem there 
ore, that gelatin must fimelioii b\ piotettnir, the surface of the erythrocytes 
rom contact with the metallic salt but not bevond ceitain cutical pH values 
hese v'alues vary according to the natme ot the metallic salt 
Studies With Plasma and Senan — The plasma and seium for these studies 
were obtained at tlie same time as the cells used in tlie preceding studies Tlie 
pasma used was fiom the oxalated specimen onlv The■^e fluids vveie subjected 
0 tests similar to those made on blood and cells As in the rase of the contents 
0 jsed erythrocytes if sufficient plasma was used it was precipitated at all 
ywogemou concentrations tested bv either Havem a or Jorgensen’s "olutioii 
this action was not picvented bv the piesenee of gelulin in the usual 
proportion In ordei to simulate tlie conditions that exist ni making blood 

in Eppeot of pH ON Precipitvtion 01 Plasxiv or SniiDM With Dipfebent Diluents 


diluent 


pH 


35 [ 40 I 45 I 50 I 55 I 60 


70 I 75 [ 80 I 85 


Plasma 


HgCl, 

I 

gelatin 

“5fep3N-,2W04 plu, 
8 base 


'»sen 
Hi looi 


’ ''“ir5s%Tf5cir 
“ ' HgCh 


IQ 8 

" celalin 


^ 'Hi in the form of precipitation aeBTcgatlon asslutinatlon or clumping 

Sp. . ^cuon blank, no studies made. 
tL!,"’°*" 'Table I 
(ootnoto t Table I 
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counts, tlieiefore, studies weie also earned out on plasma diai\u only to the 
automatic stop of the pipette (Table III) Undei those cncumstauees it ivas 
not precipitated below pH 5 0 by the solutions of bichloiide oi aboie pH 60 
by those of sodium tungstate As was the case when laigei amounts of plasma 
were employed, these pieeipitations ivitli lessei amounts also were not preieiited 
by the piesence of gelatin in the usual piopoitioiis 

The findings with sernni vaiied fiom those with plasma in two lespects 
the seium ivas not piecipitated as easily noi at as low a pH with the weak 
solutions of bichloride as was the plasma, and it was not precipitated at all bi 
the amounts of sodium tungstate that caused precipitation of the plasma 


CORRELATION AND DISCUSSION OP EXPERIMENTAL FINDINGS 

AVitli amounts eciiiivalent to those present in blood coinits, plasma was not 
precipitated by Hayem’s solution below the isoelectric pomt of any of theusu 
plasma proteins Precipitation did occur above that pomt, but the precipia 
tion was at first soft and slight and fluffy, and it was only as the pH lose 
levels above the isoelectric point of most of the common plasma pro euis 
precipitation became sturdy and abnndant enough to ball wit ^ ^ 
same statements may be made of the reactions to Jorgensen s so u ion 
did not affect these precipitations Yet gelatin pievente of 

blood at hydrogen-ion concentrations ecinal to those at w ic , fjjj 

plasma proteins occurred Obviously the clumping in w o e oo 
tors other than just the action of the metallic salts on the p asiiia , 

The washed erythrocytes aggregated, or agglutinated, at to 

any dilution of the mercurial, and this could be pievente wi ° 
pH 6 5 Yet if weak solutions of the mercurial were used wi 
clumping did not occur in a neutral zone Therefore t ie p asn pptpre 

protection from aggregation despite the fact that they t enise v obvious 

vented from precipitation at this hydiogen-ion concentia ion "jg^goj^amb 
ly, the plasma pnoteins are not the entire cause of clumpiUo H ^ 
they are even somewdrat protective, though less so than ^6 u „ ocean H 

Iiiespecti%e of the piesence of the plasma piotems then, and on 

whole blood at all pH levels with concentrated witb kotk 

either side of a neutral zone with dilute solutions ^ *to a certain oritio^ 
the weak and strong solutions of bichloride is pievente up aggr^ 

pH of 7 0 by the addition of gelatin Since the was e jjlpte 

gated, or agglutinated, at all hydiogeii-ion up to pS 

solutions of biehloiide, and the aggregations coir ® ubich cause ag?^ 
by the addition of gelatin, it seems obvious that t re ac o j.ggulate tke 

gation of erythrocytes nr the piesence of the meta ic 
clumping in whole blood wuth this salt ^nntPd at all pH 

The contents of the lysed eiythioeytes piecip Uinmislv subject to 
this was not prevented by gelatin The contents were o gelatin t 

tions similar to those which chaiaeteiize plasma pro en trelatm proko^ 

washed erythrocytes responded much as then con ® eiytbroc'' 

them from aggregation up to pH 6 5 It is obvio 
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eiert a somenliat differeut or more coiieeiitiated foice than that of free pro 
terns, and it is this nliieli can be pieieuted up to a certain point by tlie piotec 
tire 'agent, oelatiu Tliej ippaieiit)} function, nheii uhole as taige electro 
negative colloids nhieh aggregate in tlie picscncc of positm, ions 

Granted tint they do funetion as elettioiiegatiie colloids tlie aggregation 
ofcrjthroejtes in whole blood with neih solutions of bielilonde on the far aeid 
side of a neutral zone in Tvbicb aggiegatiou did not occur can be explained on 
the basis of colloidal aggregation due to the presence of sufficient positive 
elect! olytes 

The occuirence of agglutmatioii on the basic side of the ueutial zone in 
contrast to that on the acid side, mav be due to the fiet that the gelatin itseU 
IS precipitated at tlub pH (Table IV) On the otbei band it iiiav be due to 
direct reattiou between the bichloride and thi (ontents ot the entuon a 
a pH eouceiitratiou abo\e tJit isoelectue point of Jjei.io/b^bni (reJatm did not 
preient piecipitation of plasma proteins at pH toiKOiitiations a ove 
isoelectric poults, even when those toncentnfioiis iieic hss than tie p a 
"Inch gelatin could be luactnated bj precipitation It sieni'' pi" 
fore, that the aggregation of eiitbrocjtes at pH 7 0 in iiholi blcm oi ° 
ivashed cells, was due to tlie nibeieiit cbaiacter of the cdluiai coutaits latue 
than to the precipitation of tho gelatin The studies "itli sodiiim tungstate 
and ivashed eiythiocytes seem to support these concKisioiis to oi a a„o 
gallon above a pH at vihieh direct union could oecui between the inetallio 
ladieal and the proteins withm the cells was appaieiitli suppressed bj le 
presenee of negative eleotrolvtes The explanation of the ( ip inU ot 
Irated solutions ot sodium tungstate to cause clumping in wiiole blood at lug) 
pH coneeiitratioiis and of the protection affoidcd bi „clatiii, in con as o 
reaetiou with washed eii throoytes is not cleai 

^Vhenever aggregation of eivtbiocvtes oceuis at pll levels it w le i p e 
ripitatiou of the plasma proteins niaj also lake place tlie aggiegation is aceo 
pamed by a backgiound of moie oi less amoiphous m fibunous mateiia 
"wild seem that while the piecipitated plasma proteins aie not in t icmse ve 
sufficient to initiate clumping thev do qiialifv and mtensifv it i aggre 5 ,a loi 


Table IV Eifect op pll on toe Dilcents Acons 


- mlheot ' Sfl' I 40"l j5~r^ I ss'i' SO.M ’5 I l° _i 

p 5 —b » 

tele ploa gelatin 

'»Aa2WCU« + + 0 


h, vf “ 1’*'“ echtm 
’ «VMen 3 solution 

g ^ plus gelatin 

"" Ilayem s solution 


men 

en 


0 reaction In the form of preflpUatlon agsr^-cation aeeJutln 

“o ^visible reaction Wank no studlea made. 

See footnote t Table I 


~7o I s 6~r^ 
"0 ~~ 


0 

+ 

0 + 
+ + + 
or clumping 
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01 agglutination of the eiythiocytes oeeuis It is by this inhibition from aggre 
gation that moie -vigoious shaking or the presence of gelatin acts to \ne\ent 
clumping until eiitical pH levels oceui 

That the clumping mth weak, dilute solutions of bichloride at pH leuls 
below those at which the plasma pioteins piecipitate was, nonetheless, aecom 
pamed by a fibrinous backgiound is piobably due to the lysis that oceaired at 
those levels with liheiation of cellulai eou tents which could precipitate atsmli 
low leiels The precipitate then would have balled with the aggiegated enthro 
e>tes in the same mannei as do pieeipitated plasma proteins when thej occur 
in the piesence of agglutination 

In summaiy then, these studies seem to indicate tliat eiythiocytes aie 
aggiegated by electiolytes as eleetionegative colloids at pH concentiatious belov 
the isoelectiie point of hemoglobin and by direct union ivith metallic salts 
undei the same conditions that funetiou foi proteius m geneial Gelatin pie 
\ents the colloidal aggiegation, oi agglutination, but not that due to direct 
chemical union with its accompanying piecipitation and coagulation of the 
eiythiocytie contents The plasma pioteins aie pieeipitated at then bpccific 
isoelectiie points Tins piecipitation alone is insufficient to cause eluiupm? m 
the pipettes If the cells aggregate, on the othei hand, because of tlieii oirn 
foices and ii respective of the events occuiimg in the pioteins in which the} are 
suspended, then the pieeipitated pioteins serve to cpiahty and iuithei facutai 
clumping by becoming balled ruth the cells and m tnin entanghug nioiece^s^ 
Balling and elruuping are exaggeiated and emphasized with the geid e an^ 
legulai motion of the rotoi, but aie inheient in the leactions of hoo 
bichloride When the cells are protected from aggiegatiou the lotoi is uiia 
to produce elumpiug As Chffi and Porkiiei* found with hand shalcingi 
same featuies aie naturally pieseut in othei methods of shaking It 
that most methods of shaking offer enough violence and shift of cliiec ion 
the colloidal aggiegates aie prevented from holding, and m that case 
eipitated pioteins do not find a nucleus for collection and a recipioca 
ling of moie cells Clumping theiefoie is not in evidence rvith sue 
of shaking, but the undei lying potentialities aie piesent to be 

dangeis of clumping aie always piescnt Ch’u and Poiknei oiin 
paitieulaily tiue in eeitam pathologic conditions ^ T,anou» 

The eKpeiimental findings are significant from the stan surici o' 

clinical and biologic studies other than blood counts, and a no 


certain of these seems indicated fixatiics 

The fact that modifications in pH in the piesence of lespeo 

effect such marked changes in erythrocytes as lysis or agg gg^ibes to 
txvely, emphasizes anew the imiroitance which Petiunlrevitc i a ^ becau^ 
the fixation and stamiirg of tissues The misconceptions ]iistolOo“- 

of failnie to eraluate this factor are discussed in many eienwah 

technique' The fact that diffeiential piecipitation of ti® pie inliuoa^'^ 
of the blood exposed to the same fixative may oeeur smrplj ^ jiffereiit"'* 
of different hydiogen-ion concentrations indicates possi i j,i the 

analysis of the finer cytology of tissues Obviously the 
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tissues react to l]ie same stain arc due not only to tlic simple acid base rela 
tionships upon tlic stuns oi beUeen the stains and tlie tissues but also are 
deterinni(.d bj tlic phjsical stite of each element in the tissues that, in turn, 
having been determined b> the pH of the hxativc m ichtioii to the elements 
111 question These possibilities aic ■vcr> beautifully illustiated in the dif 
ferentiul staiiimg of aiiatoniic cioss sections mIhcIi Tobin® Ins obtained ^\lth 
aniline blue used at dilTerciit ]i3di 0^011 ion concentntions 

The lysis of er>thioc3tes that has been shown to oceiii in weak solutioiLS 
of biebloride and of the other fisatucs employed is piobibly due cither to 
solution of cell inembiancs or to some soit of union of the membiancs with the 
fnatnes m\ol\ed m sueh i niaiincr as to w< ikcn the meinbi iiics and allow 
cdrusion of the eontcnls befoie coigulution 01 fixation ot tlic latter can occui 
In the case of tlie weik solutions of biehloiide the union is piobablv witli the 
lecithin of the capsule wliile the conccntiation of bKhloiidc or tlic pll 01 both 
are insiiniciciit to pcimit coUoUl ition of the prot< ins In strongei concentrition 
the diiiount of bichloude is suffieient to coi,^ulat( 01 h\ the pioteins of the 
cells c\en as it unites with tlic Iccitlnu of the capsule Tin action of j^elatin 
as a protcctuc colloid applied to the surfuic of tlie 01 \ tliroi \ tis piobably e\ 
plains its cftcct in pre\ciitina lysis just ns it pmenls a„„u^ation 

The cipiicities of dilute solutions of hxin^ uents to (uiist hsis and es 
pcciallj of xiry dilute solutions contaniin;^ mcuun at Indro^enion concen 
trations equal to those wliicli obtain m blood uul tissues plot significance 
'Jpou the possibility of cqunulciit action in local oi geneiali/id ureas ubjected 
to therapeutic agents of Himilai nature 

is sioiiificant that tlic IiydiOoCn ion concentration of the blood is such 
os to fa\oi prc( ipitation of plasma piotcnis and i„^lutniation of ei>thiocytes 
ill the presence of cloetioposituc metals and colloids cspecialh tliose lepre 
sentecl h\ a heavy metal like mcicuiy The importance of tins fact in theia 
peutic uiul diagnostic pioccduics cmploym„ such solutions is obvious When 
siich solutions aic used foi pai enteral tliei ipy ioi instince the c\ents when 
hey meet body Hinds must often maik the dilTcienn between smooth and 
stormy reactions And in such diagnostic pioccduics as tlie use of Ilaycm b 
so ulioii® 01 olhci solutions coiitanniio bichloride*' in studies of Ii\er func 
the ambiguities niiglit well be lessened by regulation of the pll The 
accent v\ork of KunkeP* with solutions of copper 01 /me lor a sinulai piupose 
“rtaiiilj shows the iinpoilance of pII ni the results and iiitoi-pietations of such 
tests. 

Tile dangers of unpicdioted a„glutinalioiis arc lessened in the presence of 
'S correct pioteotive colloids foi the situatiiin at hand hut the piotectioii from 
^‘^c 1 colloids may be negated elevation or deprssion of the pll of the on 
^•coiinieiit to that at which the colloid itself is piecipitated 1 )^ the icageiit 
Tlic fact that tlie gentle rotation of blood m the fixed planes set hj the 
fJaiiGsrrey rotor bungs out the iiihcicnt tendency for precipitation and 
Ujiipiiig ill red blood counts suggests that similar motion mioht pro\o useful in 
““nic and diagnostic pioccduics that requite detection of the plieuomena of 
■"■cupitatioii or agglutination In certain respects the method achieves the 
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TOMPKIXS 


same lesults as aie souglit at times by vibiatoiy mechanisms i-- In tliepie^eiit 
studies the method actiialh allowed detection of the phenomenon of aggrega 
tion when it yas masked by the iiioie Molent iibiation of a sliakei or eienbi 
hand shaking 

The risks inheient in the use of soft glass eontanieis aie once again 
illustrated in the present studies Storage of Hajein’s oi Joigensen’s solution 
in soft glass contamcis quickly resulted in inassne clumping with whole blood 
under conditions in yliicli this phenomenon did not occui if the diluents i\ ere 
stored in Pyiex containeis These eftects weie caused not onlj b}" cliaugea in 
pH due to leaction with soft glass, but also bj changes in the content of elec 
ti oly tes ° Since the finduigs and the inter pi etation of them are obvioush he 
mendously mfluenced by the pH and the eleetioljdes of the test solutions in 
diagnostic procedures based on piecipitatne oi agglutinative phenomena bj 
means ot solutions containing lieaij metals, the dangeis ot change in these fac 
tors bv improper storage aie veij'’ real The leactions betyeeu the metaland 
the biologic suLstince in question may he encouiaged, suppressed, or confused 
bv reactions ot other substances, depending upon these factois 

The powei of eiythiocytes to attract and caiij colloidal substances, ivhile 
recognized is gneu fai too little coiisicleiatioii in biologic studies The action of 
gelatin, and to a lessei extent, that ot the plasma pioteins in the prevention oi 
aggregation ot eijthioeytes in these studies illustiates the surface foice of the 
eijthiocjtes, e\en as it indicates the colloidal activity of these protems The 
studies of Blooi^” indicate that attei fats hare been absorbed from the gut 
the} fiist aie attracted fiom the plasma to the cells of the blood before cheniicu 
changes can take place within the cells Pennell'® lecoginzes surface attraction 
between entliioejtes and platelets m his concept of a causal relationship e- 
tween eictluocjtes and hemophilia 


CONCLUSIONS 


The factors nivohed in the clumping of blood in lecl coiuits ma e 
aid of mechanical lotation aie inlieient in the intei actions of Ha}em s so 
with plasma and cells and aie ineiely emphasized by lotatiou The 
lotois to denionstiate the phenomena ot precipitation and aggiegatiou 
s^agfutmation 111 blood counts was found useful ni elucidation of t e 


iniohed in these phenomena the ccih 

The clumping is due to the leactioiis of meicuiic bichloude ivitb 
and the plasma as a tissue fixatice These leactions aie regulated 
eoncentiatioiis of bichloude, ( 2 ) the le'ationship of the pH 
the isoelectiic points of the eivtbiocytic contents and of the plasma 1 


and ( 3 ) the colloidal activities of mtact eij thiocytes ouceiiTufe*^ 

When dilute enough, bichloude may cause hsm en throe' 1=^ 

enougli it causes colloidal aggregation aud /01 agglutination 0 rrelatm 

and piecipitation of pioteins, dependmg upon the pH „Yion coa 

the diluent protects the cells from lysis and aggregation at Y j^eins 
centiations below pH 7 0, but does not affect the precipitation 0 ^ P 



FVCTORS IV USE OF MERCURIC BICHLORIDE FOR BIOLOGIC STUDIES 1109 


Aggregation of the er^throcjtes and precipitation of the pioteins uudei 
the action of bichloride occui independeiitb of each other Aggregation 
alone maj simulate clumping Piecipitation of the plasma proteins alone does 
not cause clumpmg When aggregation 'iccompames piecipitation charac 
teristic clumpiUo occurs 

The findings are disussed from the standpoint of then significance in rela 
tion to problems other than blood counts The^ bear upon the pbenomeiia of 
hsis precipitation, and agglutination upon diagnostic and theiapeutic meas 
ures which imolve colloidal or piecipitati\c leactions and upon the differential 
responses of tissues to fixation and staining 
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MBASUEEMENT OF THE BLECTEIC EESISTANCE OP HUilAN BLOOD, 
USE IN COAGULATION STUDIES AND CELL VOLUJIE 
DETEEMINATIONS 


Egbert L Eosenthal, M D , and Charles W Tobias, Ph D 
Beriveley, Calif 


T he measuiement of eleetiie lesistanee and conductivitj is a unueisalh 
lecognized phj sical-chemical pioceduie which has had wide use in biologic 
investigations It has been successfully used in the study of cell peiiueabibtT, 
muscle physiology, and so forth, and attempts have been made to measure 
eleetiic lesistance changes duiing the blood coagulation process Most of tlie 
lesults obtained have indicated that theie is no blood lesistaiice change 
duiing coagulation A leview of the liteiatuie leveals that most of the uoi 
done on this subject was published befoie 1926 and centei’s aiomid lesistancc 
or conductivity as lelated to ceU volume and coagulation Steuart an 
othei^'® ha\e shown that the lesistance of blood is directly piopoitiona o 
the cell volume Blood may be thought of as a suspension of cells, vbici arc 
"veiy pool conductois, and plasma, whose conductivity depends upon 
concentiation of electiolytes, paitieularly sodium chloiide'’ 
co-woikers^ measuied the resistance of beef blood flowing 
They lepoited that the resistance deei eases with inci easing flow velocity 
woikeis® have employed resistance measurements in studies o 
and osmotic behavior of the red cell Eesistance of packed red ce s, 
thiitj to forty times the resistance of plasma, is reduced to a va iie coi p 

to that of plasma by saponin hemolysis ^sistance 

Most authors were unable to demonstrate lepiodueible e eetuc i^^^ 
changes duimg the complex process of blood clotting lesistauce 

recent report, Graff and co-woikeis‘'* say that there are lesistaiice 

changes during clottmg, not related to clotting time, and t a 
of heparinized blood measured in vitro steadily increases m le 


hour after obtaining the blood sample 


imeiital method is 


In the present paper a reliable and practical ihmb 

described for the measuiement of electric resistance of blooc an 
Obsei rations are presented to show that this method ena jliat 

reproducible resistance versus time measurements on w o ^ ju 

the varying observations of previous investigator’s may lesistanc® 

inadequate technique These observations apply to changes cell 

during coagulation and to the relation between bloo lesi 


volume fraction 


Chemistry 


,ity ' 
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METHOD 


The application of the classic method of Kohlrausch anti Holbornio nncl its elaboration 
worked out by Washburn and others has been widelj accepted for the measurement of 
tho electric resistance of colloid 3^ stems and uspensions Taylor and Acree,^ 'Washburn 
and Wcilandjis and others^o 2 haao gi\eu excellent discussions of the theoretic 
pnociples It IS beyond tho scope of this paper to discuss technical details other than 
tho«e applying especially to the doternimatiou of tho resistance of blood Most of the 
cipfimnental arrangements for blood resistance measurements reported m the literature 
appear to have been unduly complicated and time consuming and intended for a limited 
aomber of measurements Wo believe tve lia\e designed a setup which can be used to 
study the clotting of blood, permitting rapid successive resistance measurements The 
method has high rohabilitj of single measurements and it could bo adapted to measurement 
of other biologic materials 

Fig 1 shows tho measuring tube and electrodes Tlie tube made of Pjrex, 
waa 12 mm in diameter and could bo held m anj test tube rack The electrodes, 
consisting of lightly platinized* platinum plates 0 01 inch m tlnckness K <5q cm m area, 
and % cm apart, wero designed to bo largo enough to avoid the errors ansmg m the 
use of wiTO point and small electrodes and jet to require onlj. about 15 cc of blood or 
other fluid Platinized electrodes eliminated the necessity of extrapolating tho measure 
nients to infinite frequency as required in tho caso of unplatinircd (briglit) electrodes, and 
they gave a sharper end point of impedance balance Also moo«urcmcnts during 
clotting made with unplatinizod electrodes often showed discrci*aiicic8 which could be 
explained by imperfect adherence of the clot to tho electrode'^ Die electrodes were 
cleaned satisfactorily by connecting them as cathodo in 20 per cent odium hydroxide and 
applying 3 volts for two minutes The adherent flbnnous material loo oned by this 
process readily washed off with hot distilled water 

Tlie position of the electrodes in relation to the measuring tube and blood clot 
determines the result of measurement to some extent In tho geometry used in the 
present experiments tho electrodes wero entirely contained within tho dot and thejr 
remained in tho clot during retraction («;co Fig 2) This enabled us to studj the change of 
resistance during clot retraction for a considorablo length of time Unfortunatel}, some 
prenons investigators did not describe their electrode arrangements It was found by ua 
that if electrodes are placed too distantly or in an inconvenient waj tho clot maj break 
off during the process allowing plasma to interfere with t)io clot resistance measurement 
The results obtamed with such latter electrode arrangements are zrreproducible 


An audio frequency oscillatorf capnble of producing an alternating current frequency 
from "0 to 200 000 cycles per second was used to generate power Smeo measurements 
'Ah the platimzed electrodes showed negbgible variation with frequency 1 000 cycles V. C 
was used through the experiments 

The impedance bndgot provided an accuracy adequate for our purposes with a 
probable error of less than 1 per cent and a maximum error of 2 per cent Tho amplitude of 
the applied voltage was 0 25 volts root mean square Capacitance of the measuring cell 
cj^rcuit was negligible and compensation did not alter tho readings Our parallel control 
^Wrvationa showed that tlie behavior of clotting blood was not changed beyond the range of 
experimental error by the current used in the measurements 

Instead of using the conventional telephone bridge balance indicator, an oscilloscope? 

TJie horizontal sweep was connected to a 60 cycle saw tooth power supply Tlie 




aa a cathode for thirty seconds Electrodes 
anode 3 volts for 1 and one halt to ml 
^unized when the platinum black surface became In ufflclcnt 
iHewlett Packard Palo Uto Calif model 00 C. 
iGeneral Radio Co Cambridge Mass type 650 V. 


Electrodes had to be 


wcuerai Radio Co Cambridge Mass type saw v. 

’Cathode ray oscillograph Typo 2^4 Du Mont laboratories Passlac 


V J 
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sweep showd the amplified 1,000 cycle A C voltage appearing between the 
unbalanced 3 unctions of the unpeddnce bridge At balance, the vertical amplitude reached 
a well defined minimum 


By means of a selector switch and paiallel circuits, six different samples could bo 
studied at one time All determinations were made in a constant temperature water bath 
set at 37° C (See Fig 3) An increase in temperature of 1° 0 produced an appromnate 2o 
per cent decrease in resistance The conductivity cell constant was measured with 0 1 KCl 
and all measuiements were converted to specific lesistance m ohm centimeter mats bj 
the relation 


Specific resistance at 37° C = 


Measured resistance of blood 


0 0158 X Measured resistance of 0 IN KCl 
where the factor 0 0158 is the specific conductance of 0 IN KCl at 37° C 



iter b"itli and 

Fig 3 — Left to right audio frequency oscillator oscilloscope ‘”ip.®‘^"^p?sirenients 
stand w ith six measuring tubes connected for making 


OBSERVATIONS 

Resistance Changes Diuing Blood Coagulation — 15 cc giectrode- 

with a diy syiinge weie caiefiilly placed in the measiiimg tii e, 
weie inseited, and measuiements were made at fiequent iiitena ^ 
minutes Paiallel clotting time deteiminations weie peifoimec ipiie 

Lee-White method (i/o ee of blood, two tubes 10 mm m 
lesults aie shown in the two curves in Fig 4, with time P ^ tie 

specific lesistaiice in ohm-centimetei units The loivei curve 
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'i\eiagc of mcasuiements on sL\teen blood noimal specimens wliile the uppei one 
is composed of the d\ordoe of fouitcen pobcUhemic blood samples All 
blood samples showed clot letiaetion The cui\cs toi two indniduals together 
with the clotting times aic shown in Pig 5 Foi the first few minutes the 
resistance \alue was constant at a le^el indieatne of the cell ^olume per cent 
Then at the time clotting occuned, the lesistance started to inciease This 
inciease, which is i elated to clot letraction Ins been found to continue foi 
at least se\en oi eight hours Each of the determinations followed this 
pattern, with laiiations occuiiing in the niagnitiuk of lesistance point of 
begmimio lesistance inciease, and slope of the ciine The highei laluo foi 
the one minute deteimination could be cvpl'iined b\ the temperatiue idjust 
ment and possiblj bv msufficient time for thoiou^h wettin,, of the electrodes 
The slight drop in tempeiature of the blood while in the sMinge would 
increase the icsistaiice 2 5 pci cent foi each device eenttigiadc 

Definite substantiation of clotting as tlic tactoi responsible foi the time 
resistance curve pattern described was obtained In obsenations on blood 
rendered incoagulable bj the in \itro addition of hcpaim (0 1 mg ) or oxalate 
(IS mg ammonium and 12 mg potassium oxahtc) The unclotted blood 
gave no significant change in icsistaucc ovei a one houi peiiod as seen in 
Fig 6 which also shows the same blood, without an\ addition oi an antic oagiil mt 
giving the typical clotting pattern Ven slight variations in lesistanee 
were the probable effect of led cell sedimentation to produce cli'inging cell 



1 Cunes of the average blood resistance during- clotting for sixteen normal and fourteen 
polycylbemlc subjects. 




Fig 5 — Blood resistance curves during clotting for a normal subject and a poljcjtiiemlc 

subject 
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concentrations mound the eleetiodcs It was found that shaking oi stnnng 
the unclotted blood meieased the lesistauce, which diopped m one oi two 
nunutes to a constant value about 6 per cent louci as the cells settled 

Resistance and the Cell Volume Fiactiou of Blood* — The electric lesistance 
ol plasma is much lowoi than that of blood cells alone 'Whole blood lesistance 
IS deteiinined by the intimsic icsistancc of plasma and cells and by the 
relatne amount of cells and plasma present m the blood It also has been 
shown that the shape of the red blood cells influences whole blood resistance 
Ponder* has presented a foiniula foi calculating the cell \olume fraction 
of a sample of blood fiom the mcasuiemcnt ot the lesistance of both tlie 
imclotfed blood and its plasma separated bi centrifugation 


Cell volume fraction 


0 - 1 
* 




resistance of blood 
resistance of plasma 


and X IS the foim factoi dependent on the 


shape of the cells, assumed to equal 110 for led cells m plasma Also, 
cell \olumo per cent =* coU \oIumc fraction x 100 

In the piesent study tlie cell \olumc pei cent deteirnmcd b> both 
electneal resistaneo measuiements and centiifugation (Wintiobe tulie hepaiin 
Jzed blood, 2,500 re\olution 3 pet mmute foi one half hour leading lepresent 
teti cell volume) on aliquot «iamples of \enous blood Plasma \alues averaged 
632 olim centimeters with a range of 61 0 to 66 8 ohm centimeturs The blood 
t^sistancD, taken as the aveiage value of tlie tbiee foui and fi\e minute 
tendings of the time lesistauce curse lauged from 1312 to 230 0 ohm 
centimctoi’s A comparison of the lesults obtained bi the two methods 
ffii-ealed tint the lesistance deteimiuations weie 7 7 pei cent lowei than the 
centrifuge values in normal subjects and 7 8 pei cent lowei ui patients 
'nth polycythemia veia foi average \ allies (see Table I) In three leueemia 
blood specimens with an aieiage whitt count of 96 200 the icsistancc method 
compared 5 7 pei cent higher than the ecntiifuge method This maj be 
C'iplained bj tlie fact that while oiilj the red ceil lolume was lecoided foi 
the centrifuge ceil lolunie, the resistance measuiement accounted tor the 
blob, poorH conducting white cell volume as well as the led cell lolume For 
normal oi oiilj slightly elevated white counts the white cell resistance faetoi 
"as lery small 


The cell \oUune pei cent enu leadih be determined fiom resistance 
;;;^ements hy taking the ratio of blood to plasma resistance W and re 

ame precise nicanlngs of the terms cell >olume ^HrmatocrU^s 

''sed In 5?, d I'k® advisable to clarify certain “sed In J^'^Fnc^^cenL 

fth* Strict sense to lefer to the volume of picked red cous expressea as a pvi 

to contrlfSllion it 1 d? S bCd In a tube 100 mm long Tho to™ '“'ume 
'^wl to designate the proDortion of cells b> volume In a given sample of Wood the 
^oiumA 1 of an anlmiJ or volume of an Individual cell in this paper the 

I'tcuvA used to Indicate tlie proportion of cells by volume In venous blood 

niethod u ed In Its determination The volume «?!nrA thA 

volume per cent irrespective of its method of determination Slnco me 
tolutno cells unless abnormally Increased as in leucemla. Is verj small the cell 

per cent approximates the red cell volume. 
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equation plotted^^'g^nlf/aLn values calculated fiom Ponder’, 

method axe plotted against 4 . fox compaxison 

on subjects used in these nieasuxements Peitment data 
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Tablf I Cell Volume Peu Cent op Venous Blood Determined d\ Electuic Resist \nce 
VND Centrifuge Methods 


CEOUP 1 

1 NUMBER 
OP j 

SVMPLES 1 

j A\E1 \GE CELL YOLUML 

1 PER CENT 

IrESISTYNCB ICENTlHFLfL 

CELL YOLUJIB 
irn CENT 1 

DIFIEPCNCE j 

1 UERYUE 

I £D 

1 COUNT 

1 VY'ER.YOE 
j YV HITE 
COUNT 

^ormal 

5 

4j5 

49 2 

7 7 

0 490 000 

7 100 

Po])cjthemic 

J 

48 8 

52 9 

7S 

G 230 000 

13 G30 

Leucemic 

3 

4J 4 

40 1 

+ G 7 

4 570 000 

9G 200 


. Cell \olunie per cent difference reprtsents the difference between the resistance and 
centrifuge cell volumes expressed as per cent of centrifuge ^alue 


T\ble n Blood and Plasma Resistance D\tv iok Norm\l Polycythemic vnd 

LEUCEMIC SUDJEtTS 
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46 
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240 000 
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lol 2 
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35 2 

41 
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1] 0 

]j 7:>0 

<30 000 

A 1' 

143 5 

G44 

2 23 

39 0 

45 

o /-> 

10 b 

18 000 

bSO 000 

W Jt 

1691 

64 4 

2 63 

46 0 

ol 

o2li 

lO 0 

0 100 

4QQ 000 

Vi p 

180 0 

G5G 

2 74 

47 7 

48 

7 30 

12 0 

14 jOO 

340 000 

A I 

174 7 

61 3 

2 8o 

49 2 

51 

0 b 

13o 

4 700 

2D0 000 

M P 

‘>051 

G4 5 

3 18 

53 4 

54 


14 8 

lo400 

400 000 

A P 

199 8 

b2 0 

oo 

53 8 

58 

1 20 

Ijo 

17 oOO 

350 000 

V P 

3^ 

G5 5 

3 41 

5o8 

ol 

G 70 

15 r 

21 200 

IbOOOO 

R 

2 09 

G1 0 

3 78 

59 2 

6/ 

6 .,9 

lo 0 

8 1 50 

370 000 

M n 
11 R 

13/ S 

03 2 

Chronio Lymphatic Leiicemta 
2 18 38 2 39 

4 45 

110 

148 000 

210 000 

143 0 

G2 0 

2 31 

40 6 

3b 

4 4b 

11 J 

llo 000 

2j0 000 


1T0 3 

G1 0 

2 79 

48 3 

4o 3 

4 31 

12 0 

2o 700 

liOQOO 


Table III 


Cell Volume Per Cent op Various Dilutions and Concentrations of 
Heparinized Venols Blood 


subject 


^orInal 
Tolycvtlienuc 
Leutenuc 
^onnal and 
LeiWlieraic 


OBSER\ATIONS 


WERACE CELL \OLUME 
PER CENT 


TESISTYNCE 1 CENTl IFUGE 


9 

3 

14 


10 

IG 

4 

20 


53 5 
50 9 
33 9 


5j 0 
5o 4 
34 0 
5(»0 


e footnote to Table I 


CEIL YOLUME 
PER CLNT 
DHFEPu.\NCE* 


-G1 
-8 1 
-2 0 
-1 3 
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DISCUSSION 

Oul lesults sho\\ blood lesistauce measuiement to be of value in the 
study of blood coagulation, both as a method foi the detection of the clotting 
time and as a means foi obtaining the quantitative measuiement of the rate 
of clot letiaction The advantage m the use of electiic lesistance lies m the 
fact that a dynamic process such as blood coagulation may be studied iindei 
contiolled conditions without distuibing the piocess by the making of mcasui’e 
ments 

Emphasis must be placed upon the impoitance of the geometiic oiientatiou 
of the electiodes to the clotting blood and leti acting clot ui the evaluation 
of obseivations and data We located oui electiodes at the cential paitof the 
blood and within the leti acting clot As soon as the blood has clotted, clot 
letiaction begins by the contiaetion of the fibim network which pulls the 
large elements or cells together into a dense mass, thus displacmg the semui 
to the periphery This process produces increases nr resistance measuienients 
because it simultaneously increases the concentration of pooily couductuig 
cells and decreases the concentration of seium, a good conductor, between and 
around the electrodes On this basis it is possible to relate oui obsened 
changes in resistance during clotting, as graphically demonstrated by the time 
resistance curve, to blood coagulation events Prior to clot formation there 
IS no significant change in resistance The clottuig time and start of clot 
retraction are marked by the fii^st increase in resistance Thus the clotting 
time maj be determined with the elimination of motion, the source of consider 
able variation and inconsistency in most methods in common use 

The subsequent increases in resistance result from retraction of the clot 
Therefore the slope of the iismg portion of the time-iesistanee curve mai ^ 
assumed to coiiespond to the rate of clot retraction and to serve as * 
quantitative measure of this piocess Since there has been no method previo 
available for a comparable quantitative study of clot retraction, such 
ments may serve to detect significant differences m and variations o 
piocess in disease The method also may provide a means to determine 
effect of eheniical and therapeutic agents upon clot letiaction 

Our results differ from those reported b}’’ Graff and 
obtained an increase in resistance of normal blood during the fir’s! ten nu 
rurielated to clotting time, while heparinized blood gave a rapid 
increase ui resistance for twenty to thirty minutes The 
method given bv these authors is not complete enough to allow us to co^^^ 
then data with ours Certain important features of then method 
use of 60 cycles A C and applied voltage of 5 volts root mean square 
be at vmiiance with accepted pioccduies which have been thoiougi v 
for conductivity measurements aleidah*^ 

It IS of rnvestigative rnterest to compare the cell volume fiaetion c^^ 
from resistance measniements wntli the centrifuge hematocrit 
Imown for some tmie^ that hematocrit values obtained by sepaia iw 
from plasma m the eentiifuge do not give the true cell volume frae 
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would be true oul} if the ceutiifuge i\ould pack the cells so closelj that 
all mteicellular space and plasma nould be excluded from among the cells 
For example, Miller^“ and Kennedj and MiUiltan* demonstrated that in order 
to achieve such perfect separation, ceiitiifugal force of a magnitude that 
\\ould destroj the cells- themseUes would be requiicd Theie are a numbei 
of papers available wluch compare \aiious methods for the determination of 
the cell volume fraction ivith the eentrituge method Kennedy and MiUiltan* 
and Shohl and Hnntei^® lepoited values olitaincd b\ using dve dilution of 
plasma 10 to 12 and 4 5 pei cent, icspectueh below the centrifuge hematociit 
Chapin and Ross^^ found the cell volume fraction deteimined b> dve dilution 
(T1824), piotein dilution, and the use of led cells tagged with radioactive 
iron to be an average of S 5 per cent low<i than the cell volume fiaction 
obtained by centrifugation Ponder and Saslow'’ calculated the cell volume 
fraction in whole blood fiom diiect measuicnunt of the dimensions of tbe 
indnidual red cell and then numbei This calculated value was in close agree 
mentmth tbe dye dilution detcimination of the cell volume fiaction of the same 
blood Stewart® used the method of conductnitv and also obtained values 
below the centiifuge hematociit (5 to 6 per cent) The lesults presented 
in this paper indicate that the cell volume fiaction deteimined b\ electric 
resistance measurements is 7 7 pei cent lowei than values obtained bv 
centrifugation Thus the dye dilution piotein dilution tagged red cell 
direct measurement and electric resistance methods agree veiv well m the 
determination of the fractional volume of led cells in blood while the value 
obtained m the centnfuge hematocrit is consistcntl> high because of plasma 
trapped between the packed led cells 

SUMVIARV 

A rehable rapid method for the measuiement of electric resistance of 
small amounts of blood or similar mateiial is presented 

A pattern of change m tbe resistance of blood during coagulation is de 
scribed These resistance changes make possible the determination of the 
dotting time with elimination of mconsistencies caused bj motion and offei 
^ Quantitative means for tlie study of clot retraction In view of the fact 
that no method has been available previously for a comparable quantitative 
study of clot retiaction electric resistance measuiements maj serve to detect 
significant variations of this process m disease beyond our present knowledge 
means of tbe ratio of blood resistance to plasma resistance the cell 
Volume fraction of a sample of blood mav be calculated Cell volumes 
etemuned by resistance measurements weie found to average 7 7 per cent 
than the hematocrit as determined bv centiifugation 

ennt authors wish to thank Dr J H Lawrence and Dr C A Tabias for their 

in interest and assistance and to acknowledge tho lielp of Mr Leo Lipetz Fellow 

® ical Physics of the Dazian Foundation 
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rnE EFFECT OP CHOLINE, METHIONINE, AND LOAV FAT DIET ON 
THE LIFE EXPECTANCY' OP PATIENTS WITH 
CIRRHOSIS or THE LITOR 

Leo W VDE, M D , Louis NEUDORt F M D Herbert Fritz MD, wd 
SLch vel K.UIL jM D 
St Louis JIo 

IN A previous communication fioni this clinic a regimen foi the tieatment of 
cirrhosis of the luei was descnhed « This legimen ^^as based upon two as 
sumptions iiist, that fatt> ehmges in the luei oidinaiih piecede the moie 
c aiactenstie anatomic lesions of cirihosis second that iattv changes in tlie 
ner maj be dietary in oiigm espccialJ\ in the ahohohc patient and hence 
Jig It le eompaiable to the changes obscivcd in experiment il animals placed on 
ehcient diets The cluneal couisc of se\eial patients Mas described The le 
su s attributed to the theiap-y were stiiking in eacli inst nice It was pointed 
on , owevei, that not all patients had lesiiondcd so d^nlnatlcaU^ ancl that spon 
aiieous remissions ha\o long been known to occur m tlie absenre of anj specific 
erapj lutcipretation of tiie cfficao of the theiapcutic ic^gimen therefoie 
3 0 await the studj of an incicascd numhei of patients o\ei a longer peiiod 


■METHOD OF STUDX 

The present report summarizes tlie clinical experiences o± the past fixe 
M** ri ■''hich time some 224 patients witli cnihosis of the luei weie 
led The fate o± these patients is compaied with that of a smnlai control 
up of patients treated in the same hospital undei similai circumstances piioi 
u uf the present tlicrapeutic rcgmien 

e therapeutic regimen used in the treatment of the piesent series of pa 
“ents is summaiized in Table I 

sibl protein intake was maintained as near 100 Cm pei daj as pos 

oth^ presumably adequate supplies of methionine and cystine is well as 

ammo acids weie provided The fat intake was limited to ap 
seemed iimeasonable to binden fiiitbei a fatt\ 
str^f additional supplies of fat since it was assumed and latei demon 
Ii\*^^f that imdcr some ciicumstances at least much of the 

chol^ exogenous in oiigin Animal fat x\as paiticulaily a\oided since 

^ known to be one of the most potent stimulants to fat infiltration 
to I ^ufiltration is reported by some obscrveis to be exceedingly lesistant 
ui agents =* Caibohydrate yyas guen ad libitum (400 to 600 &m ) and 

to} 1 Quantities to spaie dietary protein for more essential pmposes The 

^ ca one value of the diet yyas approximately 3,000 calories 
\t }i ^fore specific attempts y\eie made to supply choline and metluonme 

f Gm of pllftllDrt nlllmi/to It ilo trti 011 rlmlt. /•llt.Jrlo/t /•Inenc’ Qtrinn if 


Gm of cholme chloiidc y\as gneu daily in duided doses Since it 

5?,Pepartments of Medicine 
ReceiiVi , City Ho 

€<i for publication March 31 
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Table I Theeapeutio Regimen 


Diet 

Protein ' 90 100 Gni + 

Pat (chiefly vegetable) 50 Gm 

'Carbohydrate Adequate to supply 

caloric needs 

Drugs 

Choline hydrochloride 1 8 Gm 

Methionine (1 qt skimmed milk) 0 9 Gni + 

Vitamins 

A 10,000 U S P units 

D 800 U S P units 

Abstinence from alcohol 


had been emphasized by some ob&eiveis^’ ® that laige doses of choline given o\er 
a piolonged peiiod of time weie lequiied once livei damage was established, 
the dosage was inci eased cautiously on the basis of the patient’s tolerance Few 
weie able to take more than 6 6m , and none more than 8 Gm mthout et 
peiiencing gastiointestinal symptoms which weie thought to be lefeiable to the 
choline chloiide Most patients took and toleiated 3 to 5 Gm daily very veil 
Since pure methionine was obtauiable with difficulty and at a considerable 
cost at the outset of these obseivations, milk was used as a somce theieof 
patients consumed at least one quait of milk (slammed to avoid unnecessan 
annual fat) daily This is equivalent to appioxiniately 0 9 Gm of methionine 

Vitamins — Supplements of the fat-soluble vitamins A (10,000 USP units) 
and D (800 USP units) weie given in oidei to compensate for the restrictions 
of dietaii fat Supplements of the B complex were not used so as not to com 
plicate fuithei the evaluation of the therapeutic program ^ 

Alcohol — Alcohol consumption was prohibited, not because of any 
the alcohol pei se, but lathei because the therapeutic leginien usualh 
lowed inadequately if the patient continued to imbibe Whenevei it 
parent that cooperation in this respect was not probable, the je 

m the hospital for long periods of time (six to eight months) an ° 
peated occasions No similai effort was made to govern the alcohol in a 
control group While it is difficult to evaluate the relative extent^ o 
members of the two groups heeded the warning to abstain, it is lUif 
that far better control was maintained in the experimental group 

CASE MATERIAL 

A (T the 

Those patients admitted to the St Louis City Hospital gjjj.liosis 

year period beginning April 1, 1935, and upon whom the Mm’S 

of the liver i\as made are the basis of the present report foimG" 

divided into two groups the experimental and contiol j^Q^pital aftm^ 

included those patients with ciiihosis who iveie admitted to le je- 

April, 1942, and who iveie treated according to the theiapeii 
scribed The control gioup consisted of those patients w o (jierapa^ 

to April 1, 1942, and ivho iveie not treated according to :wroaibohydrated>et 
tic regimen For the most part these patients received a hio 
An occasional omentopexy was done 
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Of the entuo senes of 647 patients, 112 were omitted from consideiation in 
this study because of doubts coiiceiniiig the validity of the diagnosis Tlieie 
remained 224 patients in the espenmcntal senes and 311 patients in the contiol 
group Autopsy oi biopsy material was available on appiovimately 65 per cent 
of these patients The lemaindei of the diagnoses weie based upon unmistak 
able clinical and lahoiatoiy data (Sec Table II ) 


TABIE II CVSL SIVTEllLVLS 



EXIERIMENTVI 
(4/1/42 TO 
1/1/46) 

CONTROL 
t4/l/3j TO 
4/1/42) 

' BOTH 

1 (4/1/35 TO 

1 4/1/46) 

Total Dumber of hospital adrui siona 

50 21/ 

tit su 

120 029 

Diagnosia of eirrhos .13 

2(J3 

384 

047 

Diagnosis doubtful 

39 

73 

112 

lotal number of patients with cirrhosis 

004 

311 

535 

Incidence (per cent of total admissions) 

0 40 

0 40 

0 4d 


Although the number of patients m each of the two senes was thought to be 
suftieieiitly laige to uisure then compaiability, an eftoit was made to compare the 
two senes in as many lespeots as possible 

The inoidenco of the disease among the total hosjutul admissions the se\ 
incidence of the disease, the ago of the patients then occupations the presenting 
complaints, the initial physical findm, 5 S and the ialioiaton data were approv 
iDiately the same in the two senes of patients Because ot the latioiiale upon 
wbich the theiapeutie regimen is based the dictaiy and alcoholic histones as well 
the size of the liveis deseuo special consideiation 
Alcohol Conswnpboii — Objective data regaiding alcohol consumption be 
fore admission aie difficult to sccuie Both the patient and the physician are 
hkely to color the information as the lesult of then own past experiences The 
following arbitrai’y classiheatioii of alcohol consumption is the basis for the 
present evaluation 

One plus, occasional consumption of alcoholic bevciages but not to the point 
of latovication , two plus, aveiage daily consumption of one oi two highbaUa oi 
two to four glasses of beer three plus average daily consumption of a pint of 
bard liquor or four quarts of beer four plus, all otheis 


Table in Histoby of Alcoholism in Patients With Cirbuosis 




1 EXPERIMENTAL I 

CONTPOL ( 

BOTH 


1 NUMBER 1 

1 PER CENT 1 

NUMBER 1 

PER CENT 1 

NUMBER ) 

PfP CENT 

^0 data 

33 


94 

60 1 

127 

34 4 

Data 

180 

84 5 

62 

39 9 

242 

9^9 

Total ■■ 

213 

■nnifiBH 

156 

■liElilH 


■QjSQIH 

vicotiolism 







Denied 

12 

6 7 

1 

1 6 

13 

54 

1+ 

24 

13 1 

0 


24 

9 9 

2+ 

20 

11 1 

3 

48 

23 

9 a 

3 + 

21 

11 7 

21 

33 9 

42 

173 

• 4-f 

103 

07- 

37 

59 7 


57 9 

Total " “ 



6- 


24- 

■EMM 
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ilost would piobably agree that those chaiacteiized by thiee and foui plus 
alcohol consumption should be classified as chronic alcoholics The data pre 
sented in Table III leveal that 70 to 75 per cent of the patients in these two 
senes weie cliionic alcoholics 

Dietauj Histones — ^Aeeuiate data on dietaiy habits aie equally difficult 
to secuie and must also necessarily involve suboective factois both on the part 
of the patient and the inteiiogatoi Nonetheless an attempt was made to eialu 
ate the diets ni appiOAiniately half the patients In Table IV it will be obsened 
that 75 pel cent oi moie of the patients weie existing on inadequate food m 
take Deficiencies in piotein, fiesh fiiiits, and vegetables as well as total caloric 
intake usually weie obvious Such deficiencies weie coiielated with alcohol 
consumption Patients leadily admitted that -when they weie drinking thev did 
not eat 


Table W Dietary History op Patients With Cirrhosis 


— — i 


1 EXPEPIMEXTAL j 

1 control I 

1 BOTH 


number I 

1 PER CENT 1 

NUMBER 1 

1 PER CENT 1 

numbef 

1 PEP CIXT 

No data 

109 

512 

143 

917 

253 

6S3 

Data 

104 

48 8 

13 

83 

117 

oI t 

Total 

213 

100 0 

156 

100 0 

369 

166 <1 

Adequate 

16 

15 4 

0 

00 

16 

13 ( 

6S 

Average or fair 

8 

77 

0 

00 

0 

70 D 

Inadequate 

80 

76 9 

13 

100 0 

VO 


Total 

104 

100 0 

13 

100 0 

117 



The 20 01 25 pei cent of the patients wjiose consumption of alcohol was uo^ 
consideied to be excessive and whose diet ivas not necessaiily madequate aie o 
consideiable iiiteiest While it is undoubtedly tiiie that some of these 
als may have been maccuiate in relating then histones, it is equ ) ^ 
that lesions of the livei indistinguishable clinically oi anatomically from 
of typical alcoholic ciiihosis occiiiied in the absence of gross dietaiy c 
excessive alcohol consumption Vague histones of previous jauu ^infec 
tamed in some of these patients Whether oi not these were mstances o 
tious hepatitis cannot be stated with any certainty 


Table V Livef Size 
I experimental 


1 (%) 

Size unknown 16 6 

Size recorded 83 4 

Total 100 o' 

No enlargement 23 2 

1 cm. below costal margin (Et M C L *) 3 8 

2 cm below costal margin (Et XI CL) 17 0 

3 cm. below costal margin (Et M C L ) 23 7 

4 cm below costal margin (Et XI C L ) 24 2 

5 cm. below costal margin (Et XI C L ) 5 4 

6 cm or more below costal margin 2 7 

T^tai ■ ■ ibbT 
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Si^e of Liitr — Eniargenient of the luei ^\as one of the most constant 
physical findings Sfoie than 75 per cent of the patients had definitely palpable 
h^eis In most instances the eiilaigement Mas considerable, as is evident upon 
inspection of Table V It is piesmncd that such enlaigement Mas the icsult of 
fat infiltration and hypeitiophy of luei cells Lipotropic substances should 
be of value under these ciieumstanccs 

FINDINGS 

5'H/’tJii/a?^TJie fate of flic patients m the tuo gioups as of Oct 1, 1917 
js siiDiniatized in Table VI One luuidied si\t\ nine oi 75 5 pei cent of the ex 
peiimental gioup ueie ImoMii to be dead as complied uith 26b or 85 5 pei cent 
of the contiol gioup IJus comparison permits no conclusion legaiding the 
merits of the tlienpeiitic regimen since the penod ot obsei\ation for the expen 
mental group Mas several yeais shorter than that of the contiol gioup The 
obsened periods of survual aftei the onset of initial siniptoms vaiied from 
210 to 73 0 months in the expcnmental gioup as eompaied Mith 78 0 to 176 0 
months m the contiol group The aveiage penod of 'suiinal foi the penod 
of observation Mas 40 2 and 122 0 months icspectneh 



I EXrERIMLNTlL 




COVTROL 


NUMBKR I PER CENT 



61 3 per cent autopslod 
ffi *’ per cent autopsIeU 

^oitaltiij — It -^vas not possible to utilize all these cases since the cause of 
• cath in some instances Mas not thought to be directh or mdiiectlv rtlated to 
^ Inei disease In still otlier instances the lack of adequate data regarding the 
hnie of onset of the disease precluded use lu this comparison The experimental 
ivas thus reduced to 139 patients thought to ha-ve died of li%er inaufiiciency 
3 er a definite penod of clinical disease as eompaied Mith a similar senes of 
197 eases m the control group (See Table VII ) 

The peicenfage of patients in each of the tMo gioups dead at any guen 
after the onset of the initial SATUptonis is compared giaplucallv m Tig 1 
^ 0 difference betMecn the tMo oioup^ of patients is appaieut The maximum 


Table VII Seu-ctios ot Cases for Study 


Complicating disea e 
luidequato data 
tvailable for compari<;on 
“Total “■ 


F\1 KRIMFNT VL 
9 
21 
139 
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Imown peiiocl of suivival in the expeiimental gioup to date is sliglitl) 1(& 
than SIX yeais as compaied ivith nioie than sixteen yeais in the coutiol group 
A definite time (within a month) of onset of ascites was ehcited in 100 
instances in the expeiimental gioiip and in 154 instances in the contiol gioup 




FiS J 

The percentage of patients dead at any given time aftei the iW’ 

compaied foi the tvo gioiips in Fig 2 The lesiilts aie m no vise 
those desciibed in the preceding paiagiaph 
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A deal cut liistorj of the onset of jiundiec thouglit to be associated with 
the patients eiiihosis, was elicited in foitj si\ experimental subjects and 
111 sL\ti three control patients It is of mteiest that se\eial patients gave a 
]ustor\ of jaundice ten oi inoie aeais piioi to the obvious onset of eiirhosis 
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attacks of Jaundice iieie not intciprcted as lieialding the onset of the pa 
Ws cirrhosis The percentage of patients of the tivo gioups of patients 
"n to be dead at taiious times after the onset of jaundice is compared in 
'S 3 \gam there is no basis for assuming any difference in the life ex 
of mdii iduals in the two-gioups 
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Finally, the pexcentage of patients dead at vaiioiis mteivals attei the on 
set of gastiointestinal bleeding is compared in Fig 4 The numbei of patients 

ZnS P-vioiisF ^ 

"iZ TiTh L f 1 expeiimental gioup and thnty-seven in the control 
S P t Mill be noted that the tieated gioup faied less well tlian the centre! 
gionp Since moie tlian half of the tieated patients weie dead in less than 
iTO months it is haidly leasouable to assume that tlieiapy could have had am 
innuence on these patients 


COMMENT 

It IS cleai that in spite of piefeiential tieatment with regaid to super 
vision and follow-iip caie, the expeiimental gionp iaied no bettei than the con 
tio gioup so fai as suivival is eonceined Seveial possible explanations for 
t e failure of the theiapeutic legimen to piolong life deseive consideiatiou 

(1) The legimen was not adequately followed by the patients 

(2) The disease ivas so fai advanced as not to be amenable to therapi 

(3) The theiapeutic legimen was inadequate in one oi moie lespects 

(4) Initial liier damage, possibly by faetois othei than dietarj detcik 
had lendeied the oigan incapable of utilizing the mateiials supplied 

(1) Since 60 to 75 pei cent of the patients in this senes iveie chiomc nko- 
holics it IS piobable that difficulty was encounteied in enfoicmg the theiapeutn 
legimen ■when the patients weie not nndei observation in the hospital In 
addition it is impoitant to point out that many of these patients i\eie without 
adequate lesouiees foi the pmchase of food and other essentials To aioidtiib 
difficulty, as pieviously indicated, piolonged hospitalization was utihzed h’cni' 
Attempts at the evaluation of the adequacy of theiapv in individual cases « us 
made hut was found to be impiaeticable 

(2) Evaluation of the stage of the patient's disease ivas also difficult The 
size of the livei is oidinaiily consideied to deciease as the ciiihosis adiaiici-j 
This Me found Mms not stiictlv tiue A laige peiceiitage (70 to 75 pei cent) 
the patients studied, hoMmvei, did have definite hepatic eiilaigenient suugmtiUr 
hypei trophy and/oi fat infiltiation Such patients may leasonahlv be e\pec 
to lespond moie quickly and adequatelv^ than those with small, haid, intense 
fibiosed liveis 

(3) Analysis of the theiapeutic legnnen in the light of clinical L 

oiatory obseivations of the past fcM’" yeais suggests some dcsiiable changes 
impoitanee of supplying adequate amounts of an adequate vaiiety o u® 
acids should he emphasized The patient Muth cnihosis is mvanabh su = 
horn depletion of tissue piotein as well as blood pioteiii The keen conipe ^ 
foi mdmdual ammo acids that may ensue undei such ^ 

multiplicity of body piocesses is well knoM'n Fat tianspoit and iitiizu ^^^^^ 
Mell as lepaii of damaged livei paienchyma aie at the meiej of the ani 
supplj 

The ammo acid supply may be influenced piofoimdly by the 
pancieatie disease, edema oi atiophy of the mtestinal tiact, and the pa 
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of the diet (fat content) These obstacles inaj be at least partial!) overcome 
by supplementing the oial consumption ot piotein v\itli jmenteial ammo acids, 
at least at the onset of therapy 

Some doubt may be east upon the wisdom of stnet limitation of the fat 
intake The relative impoitance of deficiencies of the essential fatty acids, ex 
cessive cliolcstcrol intake, and adveise effect upon the piotem intake cannot be 
decided readily The great impoitance of protein would ceitamly aigue in 
favor of coiisideiablv nioie fiecdom in tlie fat intake than lias been permitted 
m this therapeutic e\pcriment so as to assuie optimal piotem intake 

Only a limited numbci of studies aie available upon which one might base 
any accuiate statements icgaiding choline icquiicim nts oi tolciaiice in man 
It IS known tint the icciuiicmcnt is influenced bv othci dictaiv faetoi’s that is 
protein (methionine cystmc), and so foith Vssummg the lequiie 

ment in man to he compaiable to tint m tlu do nt oi (hid it ls 
reasonable to assume that the hunnn leqmiejnent is lu n 1 3 to 3 0 Gm daily ’ 
The average diet of man contains 15 to 4 0 Gm daih ^ tf the toxic effect of 
choliiio oil man is comparable to that experienced Iw eludes and mice man 
would be expected to cxpeiioncc mimmal toxic effects fion 15 to 20 Gm of 
choline dailv ^ Assuming the daih diet of the patients studied to have con 
tamed 40 Gm of cholmc, even with the maximum dose used (h Cmi ) no toxic 
manifestations would liave been anticipated It is possible that a iiiaikcd in 
cieaso in choline dosage is indicated since Kaplan and Chaikoif state that as 
niuch as 3 Gm of cholmc daily aic lequiied to cure fattv In cl’s in dogs if such 
fat infiltration is peimitted to develop ^ Gpoii the basis of bodv weight this is 
comparable to doses of 15 to 30 Gm daily m a human being weighing 60 kilo 
grams Bfueh of tlie animal expeiimcntation has been pieventne rathei than 
curative and is of little value in determining the dose needed in the tieatment 
of human beings with established hvci lesions 


The inethionino requiicment is probably influenced by othci dietary factoi’s 
giwvth and so foith as is the choline icquuemcnt ^ ery little specific in 
ormation is available to guide one m the mattei of dosage 

While the use of supplements of the B complex (biewei-s yeast ciude 
cxtiacts, and so on) was avoided in the tieatment of the senes of patients 
escubed, theie can be no doubt that such supplements aic indicated in view of 
c multiple evidences of nialiiutiition obseived m patients with cirrhosis 
iQe from the collection of multiple specific deficiencies, the salutory effect 
I'Pon the patient's appetite is of cxticme value If was leasoned that mobiliza 
of liver fat would be attended by improvement in appetite, and relief of 
specific deficiencies by the ingestion of an adequate diet This may be true 
^ut valuable time may be lost at a critical stage m the patient's illness 

(•i) Piimaiy damage to the livci may so impaii its ability to discharge its 
^^Ponsibihties foi fat metabolism that a fatty livei will ensue no matter how 
^ equate the supply of dietary essentnis may be Such primary damage might 
/ ^^’^‘^edby many agents or methods Experimentally phosphoi-us or carbon 
raehlonde may produce such impairment of function even though accom 
uied by or pieeeded by the use of lipotropic factors If the influence of the 
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noxious agent is eliminated and enthusiastic theiapy begiui, the damage nia\ be 
leveisible Unieeognized oi inadequately tieated damage of this soit m the 
human subject may be veiy difficult oi impossible to tieat successfulh when it 
ultimately comes to the attention of the clinician 

CONCLUSIONS 

Low fat diets supplemented bj^ 1 to 8 Gm of choline and one quad oi 
skimmed milk daily (0 9 Gm methionine) failed to influence the lite spaiioi 
patients with ciiihosis of the livei, even though these patients iieie much more 
closely supei vised than the contiol senes 
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DISTRIBUTION OF GOLD IN THE VNIJUL BODY IN I?EL\TION 
TO ARTHRITIS 


J J Bfi TKVND, AI D H W \i\F, D t \\D C 'V Tobi\s PhD 
Bekkeley, Chip 

A lthough gold and gold salts Iia\e bad ^\lde clinical application m dis 
eases of the skin in tuheiculosis and of late in iheumatoid arthiitis then 
mode of action is undeteimined Woith while infoimation ibout the phainia 
colog} of gold silts has been opined paiticiiHilx thioivh the application of a 
micro method de\eloped bi Block and Bnehamn’ in tlie metabolic studies of 
Freibeig and associates as well as in the iii\estip.iti()ns b\ Denko and Andei 
sou® Coitell and Ricliaids^ and Haitung and Cottei ’ The tollowan^ contains 
espenmental data on the distiibution of gold gnen as ladioactive material and 
first used b} Elj 

METHOD 

Auloa (half life 2 7 daja) produced m a pile b\ the (n y) ro'iction was obtained 
from the Atomic Energ} Commission with a specific actirit\ of about - j me per niilligram. 
Radioactive gold sodium thiosulfate was «»}TitheM2ed from the rahoa ti\e gold amJ admin 
istered intravenoush The tissue sampler and eiicreta were wci^licd iind 3ige ted in nitric 
acid and hjdrogen peroxide, the gold nan then quantitativcK removed b\ a process of electro 
6positioni2 developed In Dunn of this liboratorv The plmdiets vvitli the radioactive gold 
'vere counted bj means of a bell jar Geiger Muller counter with a thin mica window AU 
ta presented were corrected for half life 


KEbULTS 


The excietioii of Au*''® was studied iii two wliite lats Tlie fiactions of 
JQifiall} admmisteied duig excieted duiing the first eight di\s aie gi\en in 
3ble I After the fiist week exciction became \ci*\ slow Puither excretion 
studies are now in piogiess 


Gold Bistnhutxon in Rats — Distribution cxpeiiments were set up using rats 
uhich qiiantitati\e ieco\ei} of the administeied «old was attempted In 
these expeiiments all cxcieta were saaed the gold being ieco\eied fiom this 
from the whole carcass (minus samples icmo\cd) When sucli a procedure 
followed, 97 75 pei cent of the total ^old administeied could he ieco\ercd 
tJuplicate samples of caeli tissue weie taken as i tiuthei clieck on the aecurac} 
the method employed 

The discrepaneits indic ited foi bone and sjnoMibs cannot be explained 
In the case of s^no\ialis \aluos tend to become highei at longci 


i^om the D{\lsions of Sledlcal Ph>slca and Medicine Unl\crsit> of California 
«e auUiors are Indebted to the John and Mar> Markle Foundation for their support 
Reived for publication Dec 18 1047 

fellow John and Mary ilarklc Foundation for the Stud> of Rheumatoid Vrthritls 
1 resent address -33 XVest Pueblo Street Santa Barbara Calif 
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Table I 


TlilE (day) 

GOLD THIOSULFATE 

EXCRETION (%) 


URINE 1 

FECES 


1 

84 

35 


0 

27 

10 


3 4 

28 

08 


5 fa 

11 

05 


78 

10 

08 


Total in 8 days 

16 3 

67 



Administered 1 mg 0 1 millicurie 


T vBLE II Distribution of Goi d Sodium Thiosulfate in the E it, Quantitative Becoi 


TISSUE 


PER CENT OP INJECTED DOSE 
PER GRAM TISSUE 


Muscle 

Skin 

Livei 

Kidnej 

Spleen 

Heart 

Intestine 

Lung 

Sj novialis 

Articulai coitei. (bone) 
Bone 

T-«T J 


101 
246 
663 
5 780 
1 310 
152 
220 
131 
295 
212 
00057 
3 87 


078 
235 
560 
5 820 
1180 
187 
210 
129 
483 
257 
0014 
3 47 



inteivals, and tlieie is also the factor of small sampling gasil^ account 

rats aveiage 5 to 10 mg , and small amounts of evapoiation co ]iicie.isc4 

foi significant -weight loss in such samples Any such eiioi is o 
•when data aie expiessed in teims of giams (piaiitituti''' 

When the accuiacy of the technique was ascertained 2 ml 

lecoieiies a senes of fitteen lats was employed, eaci la approxi 

ladiogold sodium thiosulfate solution containing 10 nio o ^^ith the tum’ 
niately 1 me of ladioactivity The amount ot ladioactni y sacutie'-‘l 

of injection and was ui all cases exactly known Tie weicperl'^^ 

at mteiials of two to eight dajs Befoie sacrifice tiese an^^ inferior 
•wnth phjsiologic saline solution tluough the pioxima en ^ 
cava and weie bled thiough the distal end of the while bleeJm? toe 

howeiei, the saline ivas intioduced diiectly into the eai 
place tluough the mfeiioi vena caia ci^'’ 

The agieement betMcen lespective deteimniations m gQ]itcut'"''®tet^' 
howeier, some oigans shoived consideiable fiuctuations m o 

the kidney and spleen The time interval had litt e o 



DISTRIBUTIOV or GOLD IN \Niai \L IJOD\ IN REIi^lTION TO \RTHRITIS 1135 


any given tissue, which would seem to indicate that gold is hold lathei dimlj 
by the lespective tissues oucc it has left the blood stream As can be seen m 
Table I, the amount excicted is small aftei the foiuth day 

Gold distribution data were tahen on ten labbits at diffeient time inteivals 
Before saciifiee the labbits weic pcifuscd witJi noiiml saline through the 
proiimal end of the iiifeiioi \ena cava and bled tluough the distal end of the 
same lessel Theie was a geueial agietment between lespectne deteiminations 
although some oigans sliowed considenble tiuctnations m gold content A tjp 
ica] set of the icsults obtained foi the concentiation ot Au^'"’ in \aiious t\pes 
of tissue 13 given in Table IV 


Table IIT DrsTrreimov op Gold in Rats 
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A compaiison of the data given foi rabbits and lats shows gieat 
wliieh IS due to the gieatly mcieased dilution of the adnunisteied dose m the 
labhit The average weight of the lats used was 150 giams, while that ot the 
lahbits equaled 2 5 kilogiams When eoriection was made foi this faetoi the 
lesults veie compaiable, as can be seen in Table V 


T\BLE V COHPVRISON OP GOLD DISTRIBUTION IN E VBBITS AND KVTS 


TI&SUE 

RAT 

R \BB1T 

Kidney 

8 72 

614 

Spleen 

114 

2 3 

Liver 

07 

1 16 

Sj novialis 

67 

23 

Tendon 

52 

38 

Skin 

47 

2S 

Articular cortex 

45 

12 

Heart 

21 

15 

Muscle 

07 

03 


Values expressed in per cent total dose injected per eram tissue 


The similai lelative oidei is mteiiupted by the synovial sample m the rat, 
which may be falsely high 

Gold Uptake in Chevncal Synovitis — Chemical arthiitis was piodiiced a 
five labbits bi the inti a-articulai in 3 ection of 0 5 ce of a solution, compose o 
U S P tuipentme 3 paits and diethylether 1 pait, into the knee 30 '»t ot o 
e\tiemiti This was repeated in five days Ten days after the mitu , 
the animals were given the ladiogold thiosulfate by the intiaveiious 
fi^e dacs latei the rabbits weie saciificed for assay after fiist hemg 
with 0 89 pel cent saline The labbits had not been wallang smee 
hours folloiving the initial treatment The joints were swollen to 
normal size and were tender and hot to the touch ^ndtho 

On autopsj the synovialis showed pioliteration to a moderate dCoie' 
aiticulai surfaces weie dull and loughened 

As can be seen from Table VI, in all cases the chemically pjoiu 

took up a significantly larger amount of gold salt than the norma it 

previous experience with the distiibiition of gold m the oo c 
was Imowni that the wdiite blood cells contained ie\elm 

sulfate, and it was thought that this fact might account for tie i o 


T VBLE VI CHEailCAL 


N Tendon 

004 

006 

P Tendon 

013 

016 

N Synovia 

015 

018 

P Synovia 

058 

084 

N Cortex 

009 

018 

P Cortex 

02 

05 

N Muscle 

0029 

07 

P iluscle 

03 

113 

PUS 

028 

033 


Rabbits were ghen 15 me ten dajs after turpentine injection 
per cent total dose per gram tissue 

P and K refer to pathologic and normal respectively 
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the inflamed tissues, Jiowevei puie pus fiom steiile abscesses A\as found to 
}la^e less actnit\ pel „iani than the tissues under eonsideiatioii and in tissues 
such as bone and tendon laige e\udati\e responses were not noted It was cleai 
from this that e\en though the inflamnntoi^ elements might be responsible 
foi part of the concentiation the\ could not possibh account foi all and that 
111 the presence of inflamm ition the tissues themsches soaked up moie of this 
salt 

In view of these facts we wondcied about the spccificit> of this iiheiiomena 
for joint stiuctures It was found that appaicnth the icaetion would occur 
outside of joints, for when the same cheinic il iiiitant was injected into muscle 
andasteiile abscess farmed the muscle wall of tin abscess would also accumu 
late the salt This pel haps makes the aecunuilatioii in the joints less note 
vorthj but nonetheless real 

Ilunian Expenmenfation — It was possible* to cam out a pielimiiian dis 
tnbution experiment on a humm aithutic subicct Tlie pitient selected was a 
57)earold white woman with iheumatoid aithiitis ot a modcrateh ad\anced 
stage and of approximately ten ycais duration Pam upon motion was present 
m both knees mo\€mcnt was only slighth icstiicted The pitient had ne\ei 
receded chrysotlierapj She was gixcn 1010 microcunes of radiogold as the 
sodium thiosulfate salt leprcsenting 2 5 mg of gold Twent\ foui hours aftei 
administration, biopsy of the left knee was donef specimens of si in superficial 
fascia and fat deep fascia and fat s\iio\ial fluid s no\nl nenibiane md nius 
cle weie taken Of the tissues taken tlie s\Tio\ialis was hy fai the most active 
'uth the sjTioMal fluid next m uctiviU This indicitcs that in human beings 
'vith rheumatoid arthritis the smovialis is at least somewhat of a coneentiatoi 
of gold 


Table VII Gold Distkibution in Kiifumatoid AnTimins 


Synovialia 

014 

Synonal fluid 

0094 

Muscle 

0013 

Superficial fascia 

000300 

Deep fascia 

00059G 

Skm 

00071 


It IS interesting to note tliat the synoxialis is eighteen times higher ui gold 
'Content than skin If we compare the ^old coneentiatiiip, abiljt\ of human and 
1‘at skill the -value (014 per cent) for s\noMalis is in the ianr,c one would 
®M»ect for kidney— is times 47 (lat skin) equals 8 46 (value ioi lat kidney) 

CONCLUSIONS 

Au‘»® ^ suitable ladioactne isotope for studving the action of gold on 

Ji^iinal body rxcretioii and distubutioii data obt lined with this isotope 

cooperation of Professor William J Ntrr Chairman Department of Well 
iSx of California Medical School 

Dr X erne Inman Department of Sureer> UnUersItj of California Medical School 
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conform, ■with pievious obseivations using stable gold Syno'viabs, tendon, and 
aiticulai coitex in chemical aithiitis show a gi eater uptake of gold tkanMnnbt 
tissues of noimal joints, and this was shown to be nonspecific since the musdc 
wall of steiile abscesses exhibits the same jihenomenon Passage of gold ftom 
the blood stream into the cential neivous system and oculai stiuctiues of rah 
bits has been demonstiated 
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THE EFFECT OF NUTRITION ON THE TUJIOE RESPONSE IN 
ROUS CHICKEN SARCOJIA 

Paul A Little, jM S , J J Oleson, Ph D , \nd Y SubbaRow, Ph D 
Pe\rl Ri\er, N Y 

INTRODUCTION 

^UJIEROUS obsei\ations ha\c confiijned the fact that nutiitioii ma} in 
IN fiuenee the genesis and giowth of tiimois in lats and mice The seareli for 
requirements in the nutiition of m ilignant tissue should ie\eal findings that aie 
\ahd legaidless of the natuie of the tunioi studied oi the land of animal used as 
well as more limited findings Such mfoiniation might ^\eU include the facts that 
adequate calone intake Ins been shown iieccssin foi tumoi ^row'tlP and that 
Mtainma such as pantothenic acid and iibofiaMn ha\c been found stimulative* 
whereas choline ma> be inhibitou ® 


LtiCCT Ob NUTRITION IN ROUS sAR{ OM i 


Little and cowoikois* sliowcd that folic acid has a maiked cftect on the 
tumor lesponse in Rous chicken sarcoma Tlic effectiveness ot folit acid free 
diets 111 preventmg the tuinoi losiionse of babv chicks and the lapiditj and 
regulant} with which the icspousc oceuiicd in adequatch nourished chicle led 
^ to oui piesent studj of the effect of each of the difteient constituents in a 
sjmtlietic diet for chickens 

The data be presented confiim obscnations made on rats and mice to the 
effect that malignant tissue ma> utilize vitamins sucli as pantothenic acid and 
nhoflavin for giowtii Oui results also indicate that nicotinamide and cholic 
^icid maj be stimulative However folic acid appeal's to be the onlj nutiient 
required to the extent that tumor i espouse is pi evented bj its absence 


Method for DemoiistraUng the Effect of NutrxUon — In our tests tlio extent to winch 
nutrient influenced tumor re pon^so was determined bv comparing tlio incidence of tu 
roors m groups of clucks fed the complete diet with tlie incidence of tumors in groups fed 


the 


- Mme diet without the nutrient comparing ob er\ations made on the eighth, tentli 

We til fourteenth and sixteenth daj the eAect of nutrition was e\aluated for all stages 
rom the usual time of first appearance of tumors to the time when 90 to 100 per cent of 
showed tumors The response with and witliout nutrient was calculated from 
‘Ombmed results of different tests where more tlian one test was carried out The per 
'itago of birds sliowing tumors when fed diets with the nutrient was divided bj the per 
ago showing tumors wlien fed the same diet without the nutrient The nutrients winch 
awed no stimulative effect gave values of approximately 1 0 

^^taixon of S\ e of Inoculum, to Tumor response — An even distribution of tumor re 
over the eight days selected for observation of results was readily obtained by con 
the inoculum As shown in Table I, there is a direct correlation between 

® 6120 of inoculum and the length of the latent period 

'^0 u ed homogeneous amplcs of frozen virus prepared by blending fresh tumor tissue 
.i^_^_^ring mixer and weighing 2 Qm amounts into sterile Pctri plates to bo stored in a dry 
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Tj^ble I Tumoe Eesponse Obtained With Homogeneous Prepaiuition op I^occLl5I Kepi 

Frozen for Various Periods 


AMOUNT OP 






INOCULUM 


TOTAL 

NUMBER OP 


A\ER.\CE 

USED 

INOCULUM 

NUMBER OP 

CHICKS 


UTEM 

(0 25 ML 

KEPT FROZEN 

CHICKS 

THAT GREW 

PERCENTAGE 

PEBIOD 

DOSE) 

(DA\S) 

USED 

TUMORS 

OP TAKES 

(DUS) 


1 mg 
0 1 mg 
0 01 mg 


16 

Fresh 

16 

24 

Fi esh 
16 
24 

Fresh 

16 


16 

25 

16 

190 

25 

17 

190 

23 

20 


15 

25 

15 
173 

23 

16 
157 

13 

8 


93 7 
100 0 

93 7 
901 
92 0 

94 1 
82 6 
56 5 
40 0 


7 93 
9 00 
9ot) 
9o3 
12 04 
11 2o 

11 OS 

12 84 
14 00 


lee chest until used Preliminarj suspensions containing 10 mg m a 0 25 ml do e Here 
prepared by adding 50 ml of 2 per cent peptone solution to 2 Gm of tumor tissue 1 Tee 
Brock grinder was employed, and further dilutions were made in peptone solution 

In our expeiiments the desired length of latent period iias obtained ivitli 1 u)g 
inoculum The frozen yirus was found to be stable for at least a month It is of inters 
that Eemhard and co workerstt found a similar relationship between the size of inocu urn i 
the length of the latent period for growth of a transplantable mouse adeuocarcmouia ^ 
One day old New Hampshire Eed chicks which weie the progeny of a selected dot 
described in our previous report^) were injected in the right breast iiitli 0 25 ml o * 
pension containing the 1 mg dose The feathers were lenioved from the 
moeulation Groups of ten birds were placed on diets mth and uithout eacli nu neii^ 
Nutrients which weie of mteiest because of possible stiniulatiie effect were re es 
times The clucks weie maintained in electric brooders at 90 1 , wai 
plied ad libitum Approximatelj 400 clucks (ten to twentj per group) wore 
experiment 

The basal diet contained 53 per cent Cerelose,* 22 per cent alcohol ]Juffei,l o 

per cent salt mixture, 3 per cent calcium gluconate, 8 per cent gelatin, 4 per ,^]ioliiie 

per cent soybean oil, 0 25 per cent cholic acid, 0 45 per cent cjstine, 20 mg po 
chloride, 3 mg pei cent calcium pantothenate, 3 mg per cent pcr°cent ribO' 


pjTidoxine, 0 3 mg per cent thiamin chloride, 0 03 mg per cent biotin, 0 5 lug^ 1^^ 
flavin, 100 mg per cent inositol, 5 mg per cent para aminobenzoic aci , yitaBUO 

folic acid, 5 mg per cent vitamin E, 0 2 mg per cent vitamin K, 3,5 uni s 
A, and 200 units per cent vitamin D The diet with nutrient was usua } ^ diet E 

A pnrtimm mol pIik L afovt-an rroAm -flio aamo tumor resDonse as the complete sj 

idded m 

' k TA PI nnii Av 

soybean 


cent para aminobenzoic acid, 0 2 mg 
per cent vitamin 
let with nutrient 

A commeicial cluck starter gave the same tumor response as — - . gubititute ' 

studies of substitutes for soybean oil, the diet with nutrient contamed t 
basal diet was soybean oil free In these tests the vitamins L, D, E, an 

propjlene gljcol ^ continuing 

The chicks were observed dailj beginning with the eighth daj jgO per 

the sixteenth daj at which time adequatelj nourished groups showe j^jividual 

tumors Wing tags applied on the sixth or seventh day were used to i en^^ to 1" 

The mcreasmg sizes of tumor were recorded (as previously descri e ) deternun**^ 

accuracy of first observations Tumors recorded as questionable 
the response whenever tlus observation was confirmed by sub=equen 


•Glucose monohjdrate Fisher Scientific Co Pittsburgh cent other 

fPurifled cellulose containing 70 per cent a cellulose an 




Fisher Scientific Co Pittsburgh Pa 
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EXPERIMFNTAL RESULTS 

Tiiree distinct types of results ha\e been obtained nitb nutnents nhich 
demonstrated a definite stimulative action on tumor grovrtli While with and 
M not r T “f ‘>PPio^>niatelj 1 0 vvcie obtamed m tests on nutrients which 

a ^ ‘ 'alues of approvmntelj 3 0 were 

ned in tests of riboflavin, (B) descending values of 13 0 6 2 4 6, 2 6 21 

63 0^ 89 n "qq nicotinamide and (C) ascending values of 13 0 40 0 

63 0 89 0, 93 0 wei e obtained in tests of folic acid While othei nutnents rav e 

^ ® 

vnl.ihf ' ^ -Table II sliows the effect of nine water 

Mluble ’atamins on tlie tumor response of chicks to Rous sarcoma virus Folic 
acid produced the gieatcst effect and paia aminoben/oic acid and biotm produced 
Nicotinamide and calcium pantothenate influenced the rate 

groltrbntrd'' fl'”' ‘’'“1'’"“' '“^fiance riboflavin did not change the rate of 
growth but did influence the incidence at all stages 

Table u „ “r VVater Soluble Vitvmiks iv Diet ov Rm s SAncoiiA (ILvtio op Pet 

CETT Incidence on the Complete Diet to Per Cevt Iscidesct on the 




VUMDER 



AMOUNT 1 

1 OP 

SLMBER 

VITAMTN 

IN 

DIET 1 

CHICKS 

kv/Bf) 

01 

' TESTS 


rtESPONSt: WITH VITAMIN 


RFSPOSSE WITHOLT VITAMIN 


8 I 10 


12 

I 3 

3 1 
1 8 

4 G 
26 

I I 
10 
1 2 

G3 0 


14 
1 1 
31 
14 
26 
20 
1 0 
08 
11 
89 0 


10 
1 1 
3 1 

1 3 

2 1 
18 
1 0 
08 
11 

93 0 


Riboflavin 

Pyrnloxme 

Nicotinamide 


5 mgAg 39/37 
5 mgAg 30/30 


cX^mide 30 29/»9 

Pamammobenzoie acid 50 mg a| 19/S 


30 0 
21 
20 
130 
24 0 
13 0 
1 4 
1 1 
13 0 


1 5 
3 0 

2 S 
02 

11 0 
1 2 
1 1 
1 8 
40 0 


/ Avu ov/ u SO u tij u uj u oa ua {j 

ta/b chicks ^>e^e revived with complete diet beeinning on the tenth day 

•Pecifled emcks used to determine effect of diets (a) with and (b) without the %itamln 


serio ^^ficiencies of thiamin pjrido\ine and calcium pantothenate caused 

cornnH ^eiglit, chicks fed diets without these Mtamins were revived ivith 
had ^ 1 ^ beginning on the tenth day In previous work with folic acid it 
<3a\ ^ stimulative effect of restoiing this vitamin on the tenth 

the^ become appaient foi at least seven dajs Tins practice was adopted 
pemi t thiamin pjiido\me and calcium pantothenate deficiencies to 

birds for the duration of the test The lesponses with and 
aiav 0 these vitamins for the twelfth fourtecntli and sivteentii dav 

r may not be influenced b} restoring tlie vitamin on tiie tenth daj 
of Ii\er^^ ^ source of still unidentified vitamins, several fractions 

^tiinul tested m the piesence of the nine puiified vitamins for possible 

of the 1 on the tumor lesponse of clucks to Rous sarcoma virus None 

o-Ntent influenced the late of grmvth or incidence of tumor to an 

^ leh would indicate the piesence of additional factors for tumor growth 






THE USE OP ANTAGONISTS OF PTEEOYLGLUTAmC ACID I\ 
CONTEOLLING EOUS CHICKEN SAECOHA 

Paul A Little, ]\I S , Angus Sampath, and Y SubbaEow, Ph D 
Pf vrl Eiver, N Y^ 

S INCE 'Woods^ descnbed the inteifeience of p-aminobeuzoic acid ou the 
action ot sulfonamides, the antagonism between compounds piomoting 
giowth and those which inhibit giowth has received increasing attention An 
dlogues of iiteioylglutamic aeid (folic acid) have been studied e\tenbi\el' 
The antagonistic activity of these compounds m the giowth of Sti epiocoau^ 
faecahs R has been examined by Hutchings and Stolcstad ® Expeiniients lea 
ing to the demonstiation of a stunulatoiy eftect of pteiovlglutaniic aci an 
an mhibitoiy effect of its antagonists on Eons chicken saicoma haie been n. 

poi ted by Little and eo-woikeis^ and by Woll ^ , 

In the present leport we wish to present nioie recent findings vi 
to the eftect of choice of antagonists and method of administration on ic o 
come of expenments with Eons chicken saicoma Table I contaii^ a is ^ 
antagonists of pteioylglutamie acid which we have tested foi a i y o 
Eous chicken saicoma Both the abbreviated names of 
used m oui fiist lepoit on Eous saicoma) and the complete ^ 

shown as an aid in leferimg to leports dealing with the s^tiesis o ^ 

pounds The antagonists which we have found most usefu , ^ \„]n 

discussed, aie the 4-ammo-pteiovlaspaitic acid and the 4 I amino 

taniic acid which were synthesized by Mowat and otheis, nn 
pteioylglutamie acid svnthesized by Seeger, Smith, and Hultquis 


In producing Roub chicken sarcoma we have employed o Qm 

virus prepared by blending fresh tumor tissue in a Waring mixer an EU'pe" 

into sterile Petri plates to be stored m a dry ice chest until u>ie ^ peptow 

containing 10 mg in a 0 25 ml dose were prepared by ‘"‘’^‘"Lnloved and further dilute' 
solution to 2 Gm of tumor tissue A Ten Brock grinder was P determuu' 

were made m peptone solution The size of inoculum used in our e\ ^ gf,od of tiwe fr®® 
by titration of the virus for even distribution of tumor responses o for at leu ' 

the eighth to the sixteenth day of the test The frozen virus was jistributmu of tu“'-"^ 

a month with lespect to the effect of concentration of virus on t le ^ 
responses Table II illustrates the method employed for standar izin^, 


HANDLING OP CHICKS ^ 

New Hampshire Red clucks which were the progeny of ^ pj,, ju ptu-W® 

our prevaous report) i were injected in the right breast vviti The Ruth®'^ " , 

. - - , . tumor respor-' " 


our prevaous repuri;* were injecieu lu vuc paoonscs 

taming the dose required for the desired distribution of birds "U''U 

removed from the breast area before moculation Groups o 


(li-vnhcJ u 

ptU-lOB ' 
i!i ' 

■ed Uhh 


From the Lederle Laboratories Division American 
Recched for publication June 2 1948 
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Table L List op Ant\go';ists op Ptero^lolot\mjc Void Tested o Rols Ciiickev 
fevncoAtA 


RFP 

ABBREVUTED NAilL tllEMIC VL \ AMt ERE> CE 

PterojIa'»p'irtic acula N’ [-i {[^^2 umuio 4 livdroxj o aiethjl] 0 

aiumo} bcnzo\l] aspartic acid 

■i \mjno fohc acid or jV (4 {((2 4 dianuno 0 ptendU) nictlij)] aoiino) 3 7 

4 Ammo ptero^lglutaniic acid beuzoyl] e,lutaraic ncid 

Vroethvlfohc acid* or V [4 ( V[(2 aniiuo 4 h>dro\> Gptcndil) metinl] 3 8 

V methjl pteroylglutamic acid A methxlauimo) benzoyl] glutamic acul 

N methyl pteroic acid* 4 { V f (2 ammo 4 h\<lro\\ ti pterid\l) methyl] 3 S 

Y metlnlainmo} benzoic acid 

4 Vmmo V metiijl folic acid* or N [4 (V [ f 2 4 dianimo 0 ptendjl) methyl] V 3 9 

4 Immo V methyl pteroylglu mcthylaoiiao) beiizo^lj glutamic acid 

tatme acid 

4 \njmo Y methyl pteroic acid 4{^ [(24 dinntmo (J pten Ixljmcrlivl] V 9 

nietlMlaniino) beuzoi a il 

4 Amino pteroylnapartic acid* A [4 {((2 4 diamino i> ptcniUl i metinl] ammo} 10 

beaioyl] asp irtj acil 

4 Ammo folic acid with d( )glu V [4 {{2 4 diamiao 0 pten 1\1 1 methvl] amnio) 10 

lamic acid* or benzoyl] d< ^ghitinn ici 1 

4 \inmo pteroyl d( ) glutamic 


Designation used In our ftr^t report on the effect of f h a id rtu 1 It antagonists on 
nous chicken •larconia 


TtBLE IL Titration op Rols Sarcomx \ iris foi Et es Dish im tun f T i mor Rfsi onses 


AllODSl OF TISSOE 

IS nvocutuif 
(0^5 lit) 

TOTAL 
CHICKS 
USED 1 

TOTAL 1 

TESTS 1 

VADf 1 

1 prR(E\Tv« L n i nil 1 

s v\ ITJJ Tl MORS 


i ivvv 

1 H 

}•» 

i 

14 ) 

10 

10 mt 

37 

4 

04 

m 

W 

90 

97 

1 mg* 


14 

14 

40 

)S 

71 

91 

100 (ig 

140 

14 

0 

b 

2t> 

4a 

71 

10 aer 


14 

0 

1 

3 

14 

31 


This amount of virus gate the desired dKtrlfauUon of tumor responses 


fflao) untreated controls The cluck were nmintniaed m eietirir brooders nt 90 F 
W'ater and food were supplied ad Ubitum Bab\ cliick<» Tuning from 1 to 8 dits old were 
iesled for ability to resist tlie toxic effect of different antagonifts of fohe and 

A daih record of observations was ni idt, from the eighth da> of the te t to the twentieth 
The growth of tumors from the time of first oppearame uns ntordrd in the m inner 
previously described This information enabled u to deuiunstrate returdatiun of tumor 
I»a"TtJi when inadequate doses of antagonists ncre u ed In tiie tnble presented in tins 
P'lper, clucks allowing the hh^litest evidence of tumor have been ounted m uitli tiio e sliouing 
d e usual tumor respon. e eharacteriatic of untreated groups 

EXPERIMENTAL RESULTS 

Table III shous the lesuits of expciinicnts 4 ainiiio pteioylaspaitie 
Held This antagomst of folic acid t\ as adniuiistered (1) by daily uitrapcntoneal 
Ejection to chicks x\hieli \veie 2 days old at the stait (2) h\ dailx intripeiito 
injection to chicks uhich weie 8 days old at tiie stait and (3J by feeding to 
'>ucks iihicli were only 1 daj old at the start It is apparent fi-om Table III 
lliat imiJer the conditions m (1) the tovicity of the ehemical for the ehiclts inter 
'Wd mth Its \alue as an inhibitor of tumoi growth Under the conditions in 
the ehieks weic moie lesistant to the to\ic effect of doses inhibitory to tumor 
-^rowth Undei the conditions in (3), chicks only 1 day old at the stait could 
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T\ble III Ust OP 4 Amino PTERO\LAbPARTic Acid in Conirollixg Rous CiiiCKrv 

Sarcoma 





DIED OF 

TREATED 

UNTREMED 

Age of CHICKS 

DOSE OP 

TOTAL CHICKS 

TOXICITY OF 

CHICKS WITH 

CHICKS KITH 

AT SI ART 

CHEMICAL 

USED 

CHEMICAL 

OUT TUMOR 

OUT TUMOf 

(DAY) 

(MG ) 

PER GROUP 

(%) 

(%) 

(%) 

(1) Antagonist Administeied by Daily Intraperitoneal Injection to Baby Chids 

2 

0 02 

10 

0 

44 

0 

2 

0 1 

10 

40 

50 

10 

2 

02 

20 

75 

so 

0 

2 

02 

10 

80 

50 

0 

2 

02 

10 

60 

50 

0 

(3) Antagonist Administered by Daily Intraperitoneal Injection to Week Old Chirli 

S 

0 2 

10 

, 0 

60 

10 

8 

04 

10 

10 

44 

10 

( 3) Antagonist Administered in Diet of Baby Chicks 

1 

20Ag 

15 

0 

0 

0 

1 

80Ag 

20 

10 

75 

d 


Table IV Use op 4 Amino Pteroyl D( )Gl0tamic Acid in Comroiling Hols Ciiicnen 

Sarcoma 


VGE OF 


TOTAL 

DIED OF 

TREATED 

CHICKS 

CHICKS AT 

DOSE OF 

CHICKS 

TOMCITY OP 

WITHOUT 

START 

CHEMICAL 

USED 

CHEMICAL 

TUMOR 

(DYY) 

(MQ) 

PEP GROUP 

(%) 

(%) 


intbeateh 

CHICKS 

mrnoii 

tcmok 

m 


0 01 
0 02 
01 
02 
0 2 


0 
0 
0 
0 
0 

(S) Antagonist Administet ed by Daily Jntraperitoneal Injection to WeekJ M — 

10 
10 


10 

10 

10 

20 

10 


0 

20 

30 

95 

80 


22 

42 

75 

60 

50 


8 

8 

8 


01 

02 

04 


10 

10 

10 


20 

30 

60 


(3) Antagonist Administered m Diet of Baby duels 

g 

55 


20Ag 
80 Ag 


15 

20 



Table V 




TOTAL 

DIED 01 

AGE OP 

DOSE OP 

CHICKS 

TOXICITY 01 

CHICKS 

CHEMICAL 

USED 

CHEMIC^U. 

AT ST VRT 

(MG ) 

PER GROUP 

(%) 


treated 

chicks 

ITHOUT 

TOIIOB 


claj3 

dajs 


0 01 
01 


10 

10 


(^) Antagonist Administered in 

1 daj 20Ag 20 lOQ — ^ 

fJJ Antagonist Administered Ig Daily Intraperitoneal Inje ction_£__ 

6 weeks 10 10 10 

7 weeks 10 10 0 

8 weeks 10 10 0 
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be tiuatccl succebsfuUj SO nijj of 4 ammo pteioylaspartic acid pei kilo 

orani of diet without toxic effect The diet nas the regiilai commercial chick 
ration 

Table IV sIiohs that similai lesults i\cie obtained ^\lth lammopteiojl 
d( )glutamic acid Dail> injections of the doses of chemical lequired to inhibit 
tumor groivth resulted m impainnent of health and eventual loss of buds \\hen 
the chiclvs ueie 2 to 3 days old at the stait Chicks 8 davs old at the start 
showed gi-eatei icsistance to the toxic effects of doses inhibitoij to tiiiuoi giowth 
Clucks onlj 1 daj old at the start showed no toxic effect when fed SO mg of 
4 ammo-ptero’vl d( )glutamic acid pei kilogiam of diet 

Table V sliows tint 4 amino pteiovlghitamie acid (4 ammo folic aeid)^ is 
suitable for use m the tieatnient of adult buds onh In a senes of expeii 
incuts we succeeded m neutializing the toxicitj of 4 ammo pteiojlglutamic acid 
for babj clucks bv giving simultaneous injections of pteiov Igliitaniic, pteiojl 
diglutamic 01 pteiojltriglutamie acid It was found that 0 25 rag doses of 
pterojlglutamic acid piotected 60 pei cent of chicks 0 2o mg doses of pteiojl 
Iriglutamic acid piotected 50 per cent of chicks and 0 25 mg doses of pteiojl 
diglutamie acid protected 10 pei cent of chicks against the toxic effect of 0 01 
JTig doses of 4 'iniino pteroj Iglutamic acid This antagonist did not pi event 
tumoi growth m baby chicles thus piotected fiom its toxic effect 


Table VI Use of 4 Vmino iV JIetjitl Pterovlolutvmic Ac/d in Costpollino Rous Chicken 

SVROOMV 


AOE OF 

emcKs 

AT START 
(dayI 

DOSE OF 
CHEMlCAr 
(MO ) 

TOTAL 

CHICKS 

USED 

PLR GROUP 

DIED OF j 

TOXICITV OF 
CUEMICVL 
(^c) 

TREATED 
CHICKS 
WITHOUT 1 

TUMOR 1 

(%) 1 

UNTREATED 

CHICKS 

WITHOUT 

TUMOR 

(%) 

Antaqomst Adm\n\stered hv Datlv Intrapculoncal Injection to Baby Chickt 

2 

0 02 

10 

0 

22 

0 

2 

0 1 

10 

80 

50 

10 

2 

02 

10 

70 

33 

0 

- 

02 

20 

55 

77 

5 


Table VI shows the lesults of expenments with 4 ammo N metlijl pteio^l 
Uutanuc acid ^Vhen admmisteied to faab> chicks bj daily intiaperitoneal m 
jection, this antagonist demonstiated toxicitv and also inhibited tumor giowth 
^vas not admmisteied m the diet because of lack of nntciial The toxicitj of 
1 amino-A^ niethjl pteio^lglutamic icid ippeiis to be siimlai to that of 4-amiiio 
pteroylaspartic acid and 4 ammo pteiovl d( )glntaniic icid Tliesc antagonists 
^^ben injected produce sjmptom.s lesembling those (uused b^ inaiiitannng chicks 
fohe acid flee diets We have found tint chicks showing severe svmptoms 
^ result of injection with these aiilagomsts qmckh levivc when ticatment is 

discontinued 

DISCUSSION 

It IS evident fiom our expenments that Rous chicken saicoma inav be con 
tjolled bj regulating the amount of pteiojlglutamic aeid in the tissues of tlic 
^bickcn eitlicr l)y use of synthetic folic acid fice diets* or b\ use of suitable 
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chemical antagonists Seveie deficiencies of the vitamm, whetliei caused b\ 
lack ot folic acid in the diet oi by the in]ection of poweifiil antagonists such as 
4-ammo-pteioYlgliitaniic acid, legnlaily lesiilt in death of buds It is ivell 
luiOMn that the amount of folic acid lecjuiied to maintain the iioiiiial health of 
chickens is lelatively small Accoiding to Oleson” 0 5 mg pei kilogiaiu ot diet 
IS siiboptimiim, 1 to 2 mg aie optimum, and 2 to 5 mg aie supeioptiniuui 

Oui expel iments indicate that at least two ot the chemical antagonists of 
folic acid (4-amino-p)teioylaspaitic acid and 4-amnio-pteioyl-d(-) glutamic acid) 
and possibly a thud (4-aniino-iV'-methyl-pteioyIgIutamic acid) may be appiopn 
ate tools foi conti oiling the amount ot folic acid available in the bodv foi tumor 
giOAvth without depiiving the body of the amounts of vitamm lequiied for nor 
mal health "When the treated animal is a rapidly gi owing chick, these chem 
icals appear to be nioie serviceable than 4-amino-pteroylglutaniic acid When 
the treated aninial is an adult chicken, 4-amnio-pteioylgliitanuc acid isnotonh 
seivieeable, but mav well be the chemical of choice inasmuch as it is eftectne m 
small doses 

The toxicity ot these chemicals appears to be due solely to tlie scieiit) oi 
the vitamin deficiencj' which may lesult fiom too intensiie treatment ur 
experiments indicate that treatment by month is the method of choice, smee 
timioi growth may be inlubrted by this method in a greater percentage ot au 
inials wuthout toxic effect Evrdently the tumors of Rous Chicken sarcoma 
are more directly dependent for then growth on the folic acid tuinishe ' 
the diet than are the normal tissues of the cluck Since chicks do not eve op 
seveie defieieneies of the vitamin m the time required to demonstrate ui i i >“ 
of tumor growth by use of folic acid free diets (as shown in oin 
poit),^ it IS possible that the health of such chicks is protected by 
Mtamin which are not available to tumors of this tjqie K such is the cas 
most desirable method of treatment w'orild be the admuiistiation 
of chemicals which wmiild antagonize the vitamin present in food 
showui that 4-amnio-pteioylaspartic acid and 4 -aniino pteioyl d(-)g i' 
can produce this result 

SUMJt\RX ^ 

Two chemical antagonists of pteioylglutaniic acid (4 amino pteioi 
acid and 4-ammo-pteioyl-d(-) glutamic acid) have been fonn ^,lien 

hibitmg tumor giowdh in baby chicks inoculated wutli Rons ol 

the chemicals wmie fed ad libitum at a concentration of 80 mg pei 
cbet These chemicals and also 4 -aniino-iV-niethyl-pteioclglut‘'”"^^^^^ 
active in inlnbitnig tumor growth in baby chicks w'hen mjectec 
resembling the eftect of seveie iitaniin deficiency occurred w en 
were injected, but not ivlieii the chemicals were fed 
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TEEATMBNT OP THE TYPHOID CARRIER STATE 
Trial op Two Chemotherapeutic Procedures 


Robert P Korns, M H , and Ray E Trussell, il D 
Albany, N Y 

A LTHOUGH the medical liteiature contains many repoits of imsucee&iiil 
attempts to eleai up the chrome typhoid earner state by the use of chemo- 
theiapeutic agents, it nevertheless is deemed woith while to lecoid the lesulU 
of the two studies piesented heie since they lepiesent failures to coufiini pren 
ously published favorable repoits 

Although typhoid fevei in New Y'’ork State exclusive of New Yoik Cit\ u 
rapidly leachmg the vanishmg point (fifty-two eases reported m 1947), tbc 
lesidnal chronic caiiieis livmg m the state continue to offer the tin eat of further 
outbreaks of the disease A total of 465 known chronic caineis aie listed on 
the roster of the New York State Department of Health, and it is estimatci 
that some 2,500 caiiieis actually survive m the state at the present time 
chemotherapeutic agent effective in clearing up the typhoid caiiiei , 

thus be a real boon to pubhe health as well as to the individual camel’s invo i 
Trial of Tm Compound in the Treatment of Typhoid Cairiers— The lepoi 
by Eeitlei and Marbeig^ presenting apparently clear-cut evidence of theiapeu 
benefits afforded by a tm compound (heptadekylaldehyde stannosysteia 
the treatment of typhoid fever and, more specifically, in the cure 
carriers seemed to warrant fuithei clinical trial of the compound Supp 
information^ mdicated that three of four definitely proved 
caiiieis were cleared of their carrier condition by administration o 
Accordingly in December, 1944, twenty-one chronic typhoid 
two New York State mental hospitals,* were selected for treatment 
stool examinationst of the earners established the persistence an cons ^ 
then carrier status They were then treated with successive ^cou^e^o^^^^ 
piepaiationj aceoidmg to the schedule suggested by Reitler^§ ® 
concerning the earners utilized m this and the subsequent stu f 


in 


tiie caixitJis uuiizea m inin anu. wic — 1 flip 1 

Table I In Fig 1 are illustrated the time schedule of theiapy an 


ot stool examination , |.,,j euu 

It will be noted that none of the established caiiieis Uon, eu 

temporarily of typhoid baciUi Caiiiei 3, who appears to be 5 ^ 9 , aU'l 

dently recovered spontaneously befoie treatment was stalled 
16 demonstrated inteimittency m then earner condition, but 


York state Depai-U' 


eot ' 


From the Bureau of Communicable Disease Control Lew 
Health 

Peceived for publication Maj 19 19-18 , 

•AVillard and Harlem A allej State Hospitals ^ Oig phl.ion ^ 

fAll bactenologic examinations in these studies ere perform ^ ^ 

oratories and Research New York State Department of Heaim Haifa Pali^ta"- 

JThe di-ug- used -nas kindlj furnished b> tlie nrm Chemica L Cio. 

markets the drug under the trade name Aldestan tablets (9“- 

5Each course consisted of the daily administration by y'®!' nf one v.e<.k. 
actiie ingredient per tablet) for ten dajs followed bj a rest periuu 
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T^nioiD CAniiitns Included in Stld\ Dvt\ Hel-vtino to Durvtion ot the 
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Jsscrlbed be] were treated \\ltl» penicillin and suifainia^oie in i 

woro sliown to be still carrvln^ Bnollut typh stis 

icara after the studj 


subsequent study 
two and one half 


C'^isted befoie treatment staited Routine blood and uimo examinations 
Here earned out peiiodically on these caiiieis thioughout the course of tieat 
in order to deteiminc whether the diug was producing any untowaid 
reactions but no significant difficulties weie encountered 

The value of this pioceduie in cuiiiig tjphoid camel’s was oi\cn a se\eic 
t«t since, foi the most pait, it could be sliomi that these individuals weie cai 
tteis of long duiatiou, even though the mental status of the patients piecluded 
t^etting of a history of typhoid fevei in all hut foui instances Cholecjstee 
'“my had not been peifoinied on any of the gioup X ray studies of four of 
11*0 camels indicated that eithei gall stones iicie piesent oi that the gall blad 
^ts functioned poorlj Ncveitheless, on the basis on these findings one can 
"“tdlj attnhnte any benefit to this theiapentic pioceduie 

Tnal of Pcmcilhn Plus Sulfathiazole in the Tieatment of Typhoid Car 
ncri — The report bj Biggei^ deiiionstiatiiig the cMstcnce of the sincroistic eftect 
sulfathiazole and peiiicillni on Ehcithella typhosa in vitro, led to the clinical 
Inal of these dings by Comerford and co woikers in the treatment of tvvo 
•nilioid camera This caicfulb plamied studj seemed to demonstrate bejond 
doubt the cuic of these camera, both thiough the prompt disappearance of 
bThoid bacilli from the stools during the course of treatment and the coutmued 
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absence of these oiganisms in daily stool cultuies foi six months theieaitei wlien 
the study was teimmated In addition, a stiikmg diop in the typhoid Vi aiili 
body titei of the blood occuiied ovei this peiiod of tune The only lesenation 
one might have concerning the lesults of this woik is that one of the two eauieh 
studied was convalescent fioni typhoid fevei and had earned the organism 
for only one yeai, and the othei was a chronic cairiei who peisisted in excreting 
typhoid bacilli in the stool foi ten months following cholecystectonn Tims 
neithei case was typical of the usual chronic typhoid caiiiei of long standing 
with a maikedly scleiosed gall bladdei containing stones, and it seemed possible 
that the couise of tieatment outlined would be meffective m eiadicatuig the 
infection in such individuals Neveitheless, this theiapeutic technique appealed 
to warrant further trial Since that time an additional papei” has repoited 
apparent success in curing a single typhoid caiiiei with massive doses of peni 
cillin alone 

CARRIER HO 



■ TMUt CAMIERS WERE FOUND TO STILL HAVE E TTPKOSA IN THE STOOLS TWO TEAKS LATER 

Kig' 1 — Treatment of tjplioid carriers ^\lth tin compound schedule of 

of stool examinations Jj t t J 

The schedule of therapy utilized by Comeifoid and co workers 
by m vitio studies which demonstrated the optimal paciH^-'- 

zole and penicillin needed for inliibition and destruction of the 
With sbght modification, the same schedule xvas utilized^ in jneiital 

A total of eight chronic cairiers, inmates of New 
pitals,* Aveie utilized in this study which xvas started m A«n ' 


•Willard and Harlem Valley State Hospitals 
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senes represents Carriers 6, 8, 11, 12, 13, 11, lo, and 21 of the first study ) 
Aceumulated records indicated the longtime chronic nature of their earner 
state Daily stool specuneus for a peiiod ot ten dajs piior to initiation of treat 
raent confirmed the persistence of the eairiei state and the constancy of positne 
stool findings None of these indiiiduals weie uimai) earners For an eight 
daj penod sulfatiiiazole nas gi\cn bt mouth 1 Ciiii t\ery foui hours, and 
crjstalline sodium penicillin, in doses of 1 000 000 units was administeied intia 
muscularlj everj six hours Studies of the penieillm blood le\el* showed uiii 
form!} high Iciels of penicillin one half hour aftei administration of the drug 
which reached a peak of 61 units per millilitci ot blood during the fifth day of 
treatment Samples collected immediately before successne doses were admin 
istered showed at all times moie than 0 4S unit of penicillin per mdiiliter 
The results of bacteriologic examinition of tlie stools from these earners 
before, during, and subsequent to tieatment aie illustiated in Fig 2 



exaniinatlons and schedule of U)erap> 


Other peitment data couceriuiiff these carueis already ha\e beeu pre 
seated m Table I It is eiideiit that in each instance typhoid bacilli disap 
feared completely from the stool foi t period In two instances careful study 
ailed to reveal their presence for seseral weeks atter completion of the couise 
° Iteatment However, the oigamsms reappeared subsequently and hence in 
ao instance was a carrier actually cured Seieral of these individuals had 
shown previously to have gall stones thus accounting perhaps for some 
1 e diffieulties in eradicating the infection 
Although none of the earners treated in this study weie permanently 
tnred it IS possible that this theiapeutic pioeedure might have some applica 
■OR m the treatment of the typhoid earner state which persists occasionally 
° lowing cholecystectomy or in eiadicating the carrier condition early m its 
O'elopment in convalescent cases of typhoid fever However, it is doubtful 
- procedure outlined would be effective m curmg the infection m the 

‘^^rfornwd In the laboratory of Dr Georgo V Tnplin tnlverslty ot 
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avGiage chioiiic caiziei, although luoze pzolozzged thezapy zMth laiger dostt 
of the two diugs might be aioie fiizztful These findings with lespect to the 
effect of penicillin plus sulfathiazole on E typhosa aze in keeping with thovc 
lepoited by Haidy^ who obseived a similai bacteiiostatic action ouT iyiihsj 
with sulfadiazine in nineteen ehionie typhoid eaiiieis It would seem that 
the only theiapeutie measiiie of pioved value foz the eiadieation of thetipiion! 
camel state is that of cholecystectomy Espeiience in New Yoik State* 
indicates that in 68 pei cent of chiouic caiiieis iindeigoing cholecvsteetomi 
ciiie was obtained 

SUMMARY AND CONCLUSIONS 

Tzeatraent of twenty-one ebiouie typhoid caizieis witli the tin eompouiul 
heptadekylaldehyde stannoxysteiate (Aldestan) failed to demonstiate am effcd 
on the pzesence of E typhosa in the stool 

The administiation of penicillin and sulfathiazole to eight chionic tipliod 
camels caused the disappeaianee of typhoid bacilli fioni the stool m eachm 
dividual In two mstances the oiganisms iveie absent foi at least two weoas 
following discontinuance of tieatment Howevei, they leappeaied m thestoo 
of all the camel s 

The autliors would like to acknowledge the cooperation of Dr f 

intendent, Willard State Hospital, and Hi Alfred Stanlei, Supermen en , 
Valley State Hospital, in making these studies possible 
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THE OCCURRENCE OP SAUIONELUA BUCGDAiAI IN LOUISIANA' 


Rebeccv a Holt, M A,t v\d Hvzel Newton MT $ 
New Oelilvns L i 


OALMONELLA Uegdam was ^ist isolated m 1929 st State Seium Institute ^ 
O Copenhagen, Denmaih, iioiu the blood of a patieut in the Blegdaiu Hos 
pital* suffeimg fiom pneumonia of the right louei lobe Tins organism was 
not described, howevei until 1935 Kautfin iiiii ^ In 1941, rounner* again 
found jSf Uegdam in the blood ot a patient ni Shiiioliai Cliiua Athinson 
and associates* recoided lu 1944 the oceuiieme of tins bacterium ni blood and 
feces of four eases of entene like fe\er in sohlicis in \tw Guinea During the 
first jear of the United States leoeeupatioii of the Philippines Stevens iso 
lated four stiams of S l)legtlani and noted ins findin,,s in 1946 Two of these 
four isolations weie from the blood of Ameriean mfoufiv soldieis with sjnip 
toms of paiatjphoid infectious, one was fiom the teies (A a soldiei without 
apparent enteric fe\ei and the othei one was fiom an nlcentne lesion on the 
ankle of a Pilipmo patient with no gastiomtestnial s' niptonis C oble' and Wil 
son® m 1946 loportecl a case of S hlcgd m septicemia and suppuiatue peiicar 
<litis with reco\erj in an Austialian soldiei This Salmom Ila wis isoHted both 
from the blood and peiicaidial fluid and identified bi At! inson and co workers 
Fenner and Jackson'’ desciibed in 1946 fiftv eases of enteric fe\ei due to S 
again in Australian soldiers from New Guinea The dngnosis was es 
tablished in se'eiiteen eases by the identification of the oiganism bj Atkinson 
3nd associates and in the remainder of the cases bj clinical epideniiologic, 
and serologic findings In 1947, Atl inson and associates lecoided additional 
^ Utgdam isolations from blood and feces of soldiers and natives in New 
Guinea and Bougainville Island but as well as can be ascei tamed seventeen of 
these strains were obtained fiom the cases leported bj Peunei and Jackson 
strains fiom mice and one stiain fiom a guinea pig ni a Hboratorj stock 
‘’Offering fiom an epidemic also v\eie found In \tknison and eo worJ eis 

We wash to leport at tins time the isolation^ in Dccembei 1947 of a strain 
of S hlegdam trom tile feces of a patient in the Southem Baptist Hospital pre 
'’Ciiting aji enteiic tvpe of fevei and in eitensue eivthema Dunii^ lanuarv 
an isolation of S hlegdam also ms inadc§ fiom the blood of a patient in 
the Toiiro Iiifiimii^ vrith nppei lespiratoij and ^ustionitcstniai symptoms 
l^^oujit at first to be a vnal infcLtion It is of tlniical mteiest that repeated 
hloofi counts dining the peiiod of hospitalization sJiowed a persistent leiicopenn 
;;]^J^epie.s.sion of the giaiuilotvtic senes 


ReceWed for publication June 1048 ,, , , , . ^ 

the meeting of the South Central Branch of the Socletj of Vjncrican 
in Vew Orleans Louisiana May 1 1048 

department of Patholojtj Touro Jnnrniar> 
department of Patholoffi Southern Baptist Ho p«al 
New sra'eful to Dr Eilch Solfciiiin and Dr Iian Sapliri I b' " 

tin Page Touro Inflrmorj for their technical as islnncc 
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We feel tint these findings aie 'v^oltll^ of lepoitmg since iie lia\e been 
unable to find anj lefeience in the liteiature to the pienoiis isolations of S 
hUgdam in the United btates In Loiiespoiidence on Deceinbei 24, 1947 nith 
Sehgmaii,* we were uifoimed tint this species of Salmonella had nesei befoie 
been found lu this Lonntrj Of fmtliei inteiest is that the second ease from 
whicli this laie species was isolated again in New Oileains simulated clmicaUj 
the original one described bj Kauffiiidim’ in Copenhagen These two strains of 
j? ilegdam are thought to he the first isolated fiom am one in the United States 
and from indniduals who had neaei left tins eountn 

Biochemtcal Achmties— The isolation of S blcgdam fiom both blood and 
feces followed the usual proeeduie m the studs of enteric pathogens In Klig 
ler s agar, the production of acid and gas in butt, alkalnie reaction on slant 
and hjdrogen sulfide occuired It failed to feianent lactose, sucrose, saliciu, 
duleite and inositol Pei mentation with gas production occurred in glucose 
manmte, maltose, xalose, soibitol aiabmose and rhamose Indole was not 
ormed Urea was not split Milk showed no coagulation Gelatin was not 
liquefied 

Antigemc Structure — Accoi ding to Bei gey s Manual ? h/egtfam possesses 
the formula IX, XII g,in q — Because this organism possesses the somatic 
IX, it IS classified iii the serological Group D It is a monophasic 
gellated bacillus existing oulj in phase 1 In our laboiotones we weie able 
0 1 entifj the somatic antigens only The identification of tlie flaoeUai antigens 
'vas mafie bj the National Salmonella Center (See Table I ) 


SUMMARY 

S hhgdam was isolated for the fiist time in Louisiana and probably m the 
^ mted States by Newton from the feces of a patient suffering ^Mtli euteiic tjpe 
evei and extensue erythema during the fifth week after onset 
The second isolation of S hlegdajn in Louisiana was bj Holt fiom the blood 
■'^ith upper respiiatorj and gastrointestinal sjTuptoms closelj re 
iTl ^^'^^callv those of the patient flora which S hlegdam was first iso 
uep by Kautfniann as well as the t>pe of Salmonella fe\ei desciibed bj Fen 
I* and Jackson in whicli complications de\ eloped The organism was found 
the second week of the infection in a student nuise 
liist ^ patient had tia\eled outside the United States Both patients ga\e 
ones of contact wnth memhei's of the Armed Forces who had pre\iouslj 
i.y ^ew Guinea and \aiious posts m the South Pacific Tlieatre during 
or 'W'ar II jsfo epidemiologic facts howe\ei, could be established on the 
or state of these two contacts or on othei possible sources of infection 
*osts h results obtained on loutine febiile and m xitro agglutination 
CO f ^ failed to be of ■salue in the diagnosis of this infeLtion and led to 
. Attention is called to the close antigenic lelatiouship of S blegd'im 

^ iyphosa 

Tile final identification of this 


‘‘fnicti 


'*re of which it is composed 


-anism was anahsis of the antigenic 
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Koutme \acematiou against typlioid-paiatyphoicl intectious iis used mths 
countiy aftoided no piotection against 8 blegdain in one of the patieuU 
Fiom a leview of the available liteiatuie we could find leeoided the ho'a 
tion of only thiity-one stiains ot blegdam fiom himiaii soiuces piioi totlu 
additional two stiams now bemg repoited by us 

Diagnosis of this Salmonella infection is best established bj the ibolatiou 
of S blegdam fioin blood, stool, urine, oi any source involved 
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EXPERIMENTAL THERAPY OP GENERALIZED TORULOSIS IN RATS 
WITH STREPTOilYCIN 

Evart M Beck, MD, v\d Hascvll H Muntz, MD 
Induk vpolis Ind 

TT H\S been pointed out pieviouslj m an excellent monogiapli by Cox and 
1 Tolhui-bU that if anj treatment fa\oiabl-v influences the course of toiulosis 
it IS as yet unknown Howe\ei, a localized lesion maj heal spontaneous!} 
Man} forms of theiapy ha\e been used to little or no avail The acriflavine 
djes* 3 ha\e been admunsteied b} se\eial loutes including the intrathecal loute, 
Mth eventuall} fatal results Beck and Voyles,^ = Hamilton and T}ler, 
Marshall and Teed,® and man} otlieis ha\c used the sulfonamides and potassium 
iodide Avith few and }er} uncertain beneficial lesults Jones and Ivhnck m 
therapeutic expeiiments in mice demonstiated that sultadiazine and penicillin 
were of no value The subjects of clinical cases rcpoited b} Haiford and co 
workeis and Cox and Tolluii’st* did not benefit fiom penicillin Stoddard and 
utlei and HolP® ha}e ampl} demonstiated tlie incflcctneness of the injection 
0 tlie killer oiganisms and the othei Toiula antigens Meze\ and Fowler” re 
port one ease with a short follow up m whicli some benefit was dern ed from tlie 
use of nitiavenous 5 pei cent alcohol and dextiosc solution 'shapiro and NeaP^ 
used colloidal siher and immune labbit serum intiasinnalh without fa\orable 
result Xra} therap} has been tried without benefit ” 

Smee little or no success with an\ of the afore mentioned theiapeutie agents 
las been achie}ed a therapeutic test usiu- sticptom}cin has been carried out 
m rats 

luvitio titiatioiis of sticptom}cin against Toiula* showed little antici}pto 
ooeeic activity Apparentl} there was no inhibition of the same strain used in 
IS espeiiment Howevez AVhiffen and coworkeis” diseoveied a highl} effec 
ve antibiotic against Toiula m the liquoi-s in which stieptom^cin was pieparcd 
IS agent was effective in vitro but was extreineh toxic m \i\o and therefoie 
i^ou d not be used in animal experiments 

Forty seven medium sized albino rats were selected foi this tiial since it had 
en sho}vn previously that the lat is easily infected with Torula through intra 
peritoneal moculation In addition it docs not succumb to the infection too 
1 y An inoculum was prepared with the same strain m the same fashion 
escribed by Beck and Voyles® in 1946 Each rat recei\ed 100 000 organisms 
"drapentoneall} 

One week aftei the inoculation with the standardized 'loiula suspension 
u nient was begun Plie rats weie sepaiated into two groups the control 
twenty one and the tieated group numbering twent} sis 
groups weie maintained undei identical conditions and were fed the same 
JTe food 111 no -way -^as a diffeicntiation made except in that one gioup was 
3,000 units of stieptom^ciii m tliiee doses €}«•} twenU four hours 
____jwentv one da}s The drug was gi\eii subcutaneously over the abdomen 
*^nter r>eparti«ent of Medicine Indiana UnKersltj School of Medicine and Lledical 

b> the Ell Lilly Research Fund 
wehed for publication Ma> Ji 1048 

^ Edith Hajnes of In liana XJnI\ersIt> Mnllcal C nter Laboratories 
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No attempt was made to check the levels in the hlood At the end of the three 
week peiiod, tvo of the contiol gioup and one of the tieated gioup had died 
In ten weeks the experiment was terminated, and at this time tlicie neic blh 
per cent (sixteen) of the treated animals ali\e and 33 3 per cent (seven) ol the 
untreated controls In addition it should be pointed out that m ten ot the ini 
mals in the tieated group no lesions could be tound eithei grossly oi iiiicioiicoiii 
cally at post-moitem exammation Lesions were found m all of the tontiol 
animals (untreated) with the exception of one animal which died an accidentai 
death by drowning soon after the expeiiment began 

The clinical appearance of the rats which were being tieated showed i 
remarkable difference from those in the control group The latter gioup dc 
veloped lassitude and somnolence and appealed ehionicall> ill, vvheieas thi 
tieated group showed few oi no signs of illness 

In summaiy, foitj -seven animals (rats) weie inoculated with Toiuk /iis/o 
lyticci^ twentv-one seived as a control gioup and twenty -six seived as a ticati.(l 
gioup Treatment consisted of 3,000 units of streptomycin given subciitaneoiisl' 
in normal saline in divided doses daily Sixtj one per cent of the tieated aui 
mals and thiity-thiee per cent of the untreated animals survived In tea oi 
the treated group no lesions could be found at post-mortem examination 
only one of the untreated did we fail to find the lesions 

CONCLUSION 

In this experiment stieptomycm seems to have exerted a beneficial e 
upon experimental toiulosis It is not known wdiethei its effect is 
streptomvem oi to some additional factor present m its mai et piepa 
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NUTRITION AND EXPERIMCNTAL DIABETES 


I The Dl\betic Response oi* We-wiing Rvts to Intruenous Doses 
Oh AiLOWV 

George V AIvnn AID vnoIrforkk. I Stvre AID 
Boston AIvss 

T he induction of diabetes in small animals h\ siilx iitancous oi intiapento 
neai injection of solutions of allovan monoliuii ite is in miccrtain piocedure 
The ivide \anationa in loaponsc with tliest ioute> ot 'idnnnistiation aie in pait 
related to the rapid inactivation of alloxan h\ bod\ fluids In tlie couisc ot 
work imohinjj the use of laige numbers of 'oun^ diibrtif lats we found it 
necesssaiy to investigate the relationship of tin inti ninous dost of alloxan 
to (1) the selective destiiiction of paneieatic dlK uhuh util had to diabetes 
wthout concomitant injury to othei visceral oi^iius nutablv the liver and 
Mneja (the vahditj of metabolic studies in animals made diabttio with alloxan 
is dependent upon tins selective anatomical alfeiatiou) '2j the incidence of 
diabetic response among injected animals and (3) tin extent and peimanencj 
of the defect of carbohvdrate metabolism pioducod 


EXPERIMENTAL 


Aomig albino lats of the Hisaw or '^iKiman strains were used AAe could 
delect no strain diffoicnce in response to alloxan The animals vveic maintained 
OQ dog food* before injection VII animals laiiged betueen 30 and 50 grams in 
''eight at the time of injection A 3 pei cent solution of alloxan monobjdratot 
prepared iii steiile distilled watci immediateh liciore each injection It 
"a-s found that the available picpaiations of alloxan monolndrate are often 
'ariahie in appeaiance and solubilitv TItc pieparations used therefoie were 
assayed clieniicallj bj the nianometiic proccdnie of \rchibald' and tlie dosage 
"as adjusted to the amount of alloxan in the sample The solution was diawai 
mto a 0 0 ml tuberculin tjpc of svnngc tquipped with a one half inch No 26 
acedle The animal was placed m a mailing carton with the tad piotruding 
through a hole m the center of a cork stopper used to close tlie carton The con 
tamer was convenientlj clamped to a ring stand rieaning the tad surface 
"'Jth a soapv dotli followed bv a busk rub with a div clotli udi sdcquatel> dilate 
the foui tad veins without heating A tourniquet is not nccessarv 

The needle is introduced, bevel up diicetiv over the vein and on the distal 
onetlnrd of the tad Veins over the proximal third although apparenth 
aic injected with difHcultv The vein is closoh attached to the skin, 
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SO the needle must be inseited at a small angle with the tail a\is AVlieii blood 
appealed at the syimge nipple, the ealciialted volume of alloxan solution nas 
in 3 ected quickly When undue lesistance or peiivasculai blanching occurtoi 
indicating extravasation, the animal was diseaided With this pioccdurc oik 
can soon leaiii to inject about twenty-five lats pei houi 

The animals weie placed in gioup cages and at inteivais veie placed m 
individual metabolism cages foi twenty-foiu horns In joung lals scieril 
ciitena may be used foi deteinumng the picseiice of diabetes The data below 
aie based upon tuenty-foui-houi uiine glucose exeietion as measuied In .1 
photonietiic modification of the method of Somogyi^ and blood siigai (leteiiiiiiu 
tions by the method of Eeineeke’ aftei a piehmniaiy five-hoiu fast Failure to 
gam weight, poljdipsia, polyuiia, and, aftei seveial weeks, cataiact ioimatwn 
aie also manifestations of diabetes A fasting blood siigai above 150 nig per 
cent 01 twenty-foui-lioui uiine glucose excietion of moie than 01 Gm was eon 
sideied an indication of diabetes 


Piff 



1 The forty-eight hour tliabetic lesponbe of weanling laU to tin- inlrai. 

allo's.an monoh> (Irate 


Fig 1 lepiesents the typical toiti-eight-Jioiii lesponse ot ‘ 
of animals to the vaiious closes ot alloxan used The nicit eiuc 0 
thereafter is to some extent deteimined i)v the natuie ot the c ic ^ pui-jli'd 
eial the dog food diet \sas found to give the best suivnal uas nb- 

diet containing IS pei cent protein was used, 100 pei cent group 

tamed m ten iveeks contiastmg with 100 pei cent suivual m 
ot annuals mamtamed on the dog food diet Table I illustiaFs ^ 

ceitaiii diet modifications upon the coui'sc of the diabetes, wb' 
enterion of dietary adequacy ,, gompui'*'’''- 

The gioups of lats m Table I weie composed of animals ^^juponlb 
seieiitc ot diabetes as judged bv the uitciia listed Thei tint 

taiious diets five dajs attei the mjectiou of alloxan It ' 
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Table I The Effect of Diet Uiom Survival in Ioonq Diabetic Rats (Ailoxan) 





survav ors 


total 

MORTALITV 

i%) 

DIET 

NUMBER 01 

RATS 

u 1 

DA\S 

1 28 1 

Db 1 

/O 

Dog food 

s 

8 

s 

8 

8 

u 

10% Protem 

7 

5 

3 

2 

2 

72 

’0% Protem 

8 

S 

7 

4 

2 

75 

40% Protem 

S 

7 

6 

4 

2 

7b 

40% Protein plus 1% NiCI 
m water 

7 

6 

a 

4 

2 

i2 

18% Protein purified 

20 

14 

11 

C 

0 

100 


GdSnes Dog Meal \ 13H 


thougli tliL nioitahtv at sc\ent> da^!> was ii)pio\imate]\ the same vvitli vaiious 
le\eli> of protein, the eail> moitahtj was lUohei with the lowci piotein levels 
The smvivoi^ at seventy davs repieseiit the animtls with mild diabetes In the 
unous diets tlie piotem was mcieascd at tlie c\penst of caibohjdrate The 
luadeqiiacj of the piuified diet, as judged bv moitalitv is stiiking when com 
pared with either the dog food diet or the semipuiified diets (containing 10 pei 
cent brewers' jeast as a soiuce of B vitamins) Vddition ot 1 per cent sodium 
chloride did not significantly altei the siuvnal 

The influence of diet upon the seveiitv of dnhetes 'uul the survival of tiie 
(Inlietic animals will be the subject of a latei publication 

DISCUtoSIOV 

The immediate mortahtj (about 7 pei cent) in animals receiving jntia 
'enously 70 mg of alloxan pei kilogram of bodj weight has been caused bj 
injury of the liver and kidnej s of these animals The susceptibility of animals 
to this extrapaucieatic toxieitv of alloxan appeal’s to be as variable as diabetic 
susceptibility Doses above 70 mg pci kilo^iam lead to mcieasmg incidence 
‘lE this complication 

Selection of the optimum dose is thus deteimuied bj, two peiimeteis 
l^irst doses below 40 mg per kilot.iam diabetic lesiiouses ni so few 
^uiiaals that many animals and much time aie lost Second doses above 70 
per kilogiam often lead to injury of oigans other than the pancieas 
thus complicating latei metabolic studies 

The 60 mg per kilogiani dose level has been found most practical The 10 
to 20 per cent of noniesponding animals can be used as alloxan controls in manv 
^spenmeiits Such contiols may in part answer the ciiticism that alloxan niav 
Oft as a nonspecific cellulai toxin leading to complications othei than diabetes 
Thus m oui woik it has been useful to contiol each experiment with animals not 
toieeted with alloxan and with alloxan injected nondiabetie animals Although 
^'0 have not studied tliese lattei control annuals with glucose tolerance tests, the 
twenty four urine glucose excietion is in effect a toleiance test and would be ex 
P*^eted to I’m eal animals with minimal diabetes 

Histologic studies of animals receiving alloxan have icvealed no evidence of 
or hepatic damage attiibutable to the drug in doses of 60 mg per kilogram 
body weight oi less Animals receiving higher doses and dying within forty 
"silt hours frequently have shorrn such lesions Of thirty animals receiving 70 
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mg pel kilogiam which suivived the inoection foity eight houis, oiilj one animal 
latei showed cirihotie changes in the liver with ascites, and tins aftei a period ot 
tom teen months This was believed to he a late lesiilt of mild hepatic iiijun b\ 
alloxan 

Consideiation of the seventy of diabetes among the lespondiiig aniniah 
indicates that with incieasing doses the niimhei ivith seveie diabetes lucieasuu 
This would seem to indicate a lange ot sensitivitv among animals exteiidini,' 
fiom the few ammals which respond with seveie diabetes thiough the mapiifi 
which respond moderately to the few who will not respond at all Expcrienci' 
with repeated injections of those animals that do not respond indicates that lliei 
often are resistant even to 80 to 100 mg per kilogram of alloxan 

It should be emphasized that young rats made diabetic with alloxan offer 
an extremely sensitive experimental tool for study of nutiitional lelatioiibliiih 
in the course of diabetes Measuiements of body weight, xvatei eonsuniption, or 
urine excretion offer a simple means of assaying the influence of expenmental 
pioeeduies 


SUMMARX 

The diabetic response of xxeanling rats to intravenous doses of alloxan 
has been studied 

A procedure has been deseiibed xvhicli will alloxv production of a oxaii 
diabetes in the majority of injected animals xvith minimal occuiieiice o ex ra 
panel eatic alloxan injury , , 

All experimental plan has been suggested xvhicli xvill allow 
control ot expei imeiits by utilization of noniesponding alloxaii-injecte aimu 
as additional control animals 

The course of animals made diabetic with alloxan and surviving more 
forty-eight hours is determined in part by diet Survival is greatest m 
fed a diet of dog food and poorest in animals on a highly purified le 
levels of protein and decreased amounts of carbohydrate fax'oied sunn*' 
purified diets 

■r* 1, -v T The Rc 

We are greatlj indebted to Merck and Company, Inc, Bahi\aj,ix parms 

Deielopment Department, General Foods Corporation, Hoboken, H J o „pncrouJ “iupfl'M 
panj, Inc, New York, N Y, and Anheuser Busch, Inc, St Louis, Xlo , o 
of materials used in these studies 
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AIVELITIS FOLLONN^'ING THE ADAIIMSTR\TIO\ OF 
NEOARSPHEN -OIIVE 


DuID BL.\^KE\HOR\, AID VNdHiSOLdC ANOLFF aid 
iSFW A'ork N" Y 

O NE of the hazards imohed m the therapeutic um ot arsenicals is the daUe^r 
of central nenous system leactions These accidents although raie aic 
senous, causing appioxiniatel} one half the deaths Ironi aistnical therapy ^ In 
a suney of 496 253 piotocols, one death doc to eentril nervous s^stLm leaction 
occurred for everj 5,39S persons treated and cvei\ 2'' Tbs injections given In 
a group of 158 patients ^nth central uer\ous >\stem leactions tlie mortaht'v 
rate vras found to be 76 pei cent 

These reactions include encephalitis eueephalomv tlitis and imehtis En 
cephalitis is bj far the most common It has been mdtH dtccnhcd and the usual 
picture of headache fever, and \omitiug followed h' (.oiivuKions ind coma is 
well known Eneephalom'velitis, a moie rare conplititiun is levs wideh de 
scnbei The signs of cerebral invohement usuallv piecedc nnd ma^ mask the 
evidences of cord lesions About half these patient'^ h nt been considered to ila^c 
cncephahtis alone until post mortem examnntion shoved unsuspected pathologic 
changes in the spinal cord Because mjelitis is uncomnionh reported and m 
frequently considered, the folloviug protocol is presented 

A 2o year old woman was given two intravenous injections of newirsphenamine by the 
fatmly physician becauso «he suspected she had been expo ed to svpluh A man with whom 
ibe patient had been m intimate contact had been di covered recenth to have a econdarv 
*vpluliti(j rash. 'Tjjg patient had no Mgns of syphilis ond n serologic test for 'ivplnlis was 
negative ^e^ertheIe s it was decided that he should be treated \ccordingIr the patient 
given 0 3 Gm of neoarsphenamine intraveuouslv without untoward reaction Seven davs 
later he was given 0 -io Gm intraaenoush 

Two hours after the second injei,tion the patient Jiad a evere shaking chill followed by 
a fever of 39 5 C and moderately evere malaise feh© went to bed and for two davs 
bad reenrrent chills and fever and anorexia On the fir t day the physician gave her 600 000 
of proeamo penicillin On the morning of tho econd day a faint pink nonpruritic 
^h of small irregular macules appeared on the face, arms and neck The patient al o 
aofed that her throat was lightly soro and that her eve** burned The evening of the econd 
da\ following the second injection of neoar phenamine the ra*!!! faded and the chills and 
‘«er subsided but the malais; increased The patient noticed then for tho fir-t time lluit 
feet felt numb and that he had difficuln m walking ‘=!ho was barely able to walk with 
W istancD to the bathroom and void 

In the twelve hours that followed a painless ensation of numbne s ro e up the patient a 
fgs to the trunk arms and neck Vs this occurred all voluntary motion was lo t in the 
*£3 which lay limply on the bed The patient al o developed urinary retention She wa 
dentally clear and had no pam There was no difficulty m talking swallowing or breathing 
®dl no (lifficultr with vision When the sensory defect was at its maMmum the patient noted 
impairment of voluntary motion m the arms and hands The ensation of numbnes 

chiairf*^"* the Vcw Vork Ho pUal and Uie Departments of Medicine (Neuroloir>) and P«v> 

'A Cornell TJnhersltj Medical College 
UeceUed for publication June 0 1948 
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receded from the neck, arms, and upper chest as rapidlj as it had appeared, hence on the 
followmg morning when she was seen by the phjsician, a sensori level uas apparent above the 
navel At this time (the third daj following the last injection of neoarsphenamine) there 
was i low grade fever, malaise was gone, and appetite was returnmg Complaints were 
'■oro throat, loss of sensation in trunk and legs, inabditv to move the legs, and nnnarj- re- 
tention 

The p itient rem lined at home in bed three more davs and did not comider her-elf 
seriously ill although she had a slight fever of about 38“ C and was bothered bj her ore 
throat The senson level did not ch inge nor did motor function in the legs improve The 
patient could sit without support after being helped to a sitting position ^ 8he voided “ipoD 
taneouslj, slowlj, it long mterv iK tsivtecn to twentv hours), passing large amounts of 
urine On the sixth dav frequency ind urgency developed quite suddenlv, with voidmgeverv 
twentv to thirtv minutes Distressed bv this and discouriged bv the lack of improvemtnl 
in the function of her legs she came to the New York Hospital 

On admission the patient appeared moderatelv ill but vv is alert, cooperative, and oriented 
Temperature was 37 5° C Tliere were minimal but generalized lymph node enhrgenent, 
mild conjunctivitis, and plurjngitis A single, small, fiintlv pink, irregular niaiule wa. 
present on the left cheek The remainder of the goner il phvsical examination was not con 
tributorv Examination of motor and sensory functions showed no abnormihties of t o 
head or neck There vv is no weakness or wasting in the arms Rapid, rhythmic, alternatin, 
motion vv is slightlv impaired in the right inn, and the biceps, supinator, and pronator re eve 
were slightly more active than on the left Sensory perception was normal in the nec , arm., 
and trunk above the level of D S From D 8 to D 10 there was dy-esthesia to ^ 

touch, and temperature testing Below D 10 there was anesthesia to these mo 
vabration and position sense were intact above and below this level There was no^ea^^^^^^ 
or pain on percussion over the spme Superficial abdominal reflexes were ab ent « P“ 
could sit without support if assisted to the upnght position The legs were 
without w asting, but were completely flaccid The onlv voluntary motion possi e m 
was a slight degp'eo of flexion in tho right knee The tendon reflexes vvere norma 
more brisk in the right leg Plantar responses vvere extensor There vvere ma-s 
responses in the legs Rectal sphincter tone was normal but the perianal region ^ 

The patient was able to void spontaneously but vv is forced to urinate even twen y 


minutes in order to escape incontinence of urine , j 

On admission, urine analysis showed onlv an occasional white cell i\g 

showed no albumin or red cells The blood urea nitrogen was 11 mg per 1 pnut 

ilazzuu reaction was negitive and remained so Blood counts were wi ““ Culture 
Heterophile agglutinations were negative on admission and ten days te.t with 

from the throat showed a mixed floia with no predominating orgam^m - jjjgmjtous 
neoarsphenamine on the seventh hosiiital day produced a 2 cm indurate^ery^^ jyiJeucc of 
in sixty hours Lumbar puncture on admission give crystal clear reu-h® 

block or increased pressure Repeated cerebral spinal fluid cultures and a— e 
vvere negative Cerebral spinal fluid sugar and chloride determinations 
limits The results of repeated lumbar punctures vvere as follows 


LYXIPHOCYTES 
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1 ht re^rc^si® o' ‘ 

There was slow but steady improvement which began with a pahent ir- 

level of anesthesia on the first hospital day On the second hospi ^ previous repo'^ 
closed that she had received two injections of neoarsphenamine Bnti h 

of myelitis followmg neoarsphenamme injections, it was decide o ^°£gyr ilu'" 
lewisite (BAL) therapy A total of 1,300 mg of BAL was gven o on the lowf'' 

By the eighteenth hospital day anesthesia was confined to a few spo ^vliich " - 

legs and m the permnal region These changes persisted and m 
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formerly anesthetic there was djseathcsia to pm, light touch and tempenturc testing similar 
to that found in the area from D S to D 10 on admission The patient graduaUy regained 
voluntary motion and strength in the legs but improvement was retarded by the transient 
appearance of a moderate degree of exten or spasm The reflex abnormalities m the arms 
and legs did not change nith the exception of the plantar re pen e which became flexor The 
patient was able to walk without support on the thirty erentli ho pital dav «>lit continued to 
have frequency of urination but the interval had merca cd to one to tuo li )ur 

Most Standard texts do not list aisenieal iinelitis as one of the toxic 
manifestations of arsphenamine thei-ap\ So few lascs ha\e been repoited that 
It IS impossible to draw inferences as to cause and eftcct as Ins been done mtli 
arsenicals and encephalitis In all, there aie onh nim eases similar to that oi 
the patient herein described^ The chance ocoui tenet of nnchtis ot unkno-wn 
cause in a patient leeemng arsenicals must be consideied The ease repoits are 
so tew that no clear cut clinical picture is t\ pical How t\ er main of the reports 
are stiikinglj similai Scott and Reiiihai't* desenlie a patient m whom the 
onset and progression of sjTiiptoms were almost identical and followed the second 
mjeetion of neoarsphenamine This patient howe\ei did not snnne Alan' 
patients have been suspected of haxing had Heixheiiner reactions and onh one 
previous patient did not ha\e syphilis However in the few that have been 
au opsied the histopathologj of the cord was sinnlai to that in the brains of 

pa lents vnth encephalitis and in the cords and biams oi those ^vlth encephalo 
myehtis 

In the New York Hospital case the possibihtv of a Herxhpimer reaction niav 
e waived The possibilitj of inteicuiient nivelitis of otliei cause remains and 
cannot be eliminated 


BAL has been shown bj Stocken and co workers to protect rats fiom lethal 
OSes of therapeutic aisenical compounds® Eagle and Hagniison® have reported 
t) five eases of arsenical encephalitis treated with BAL The ov ei all moitalitj 
Se\*^ opposed to 76 per cent of an earlier untreated senes 

ere cases with convulsions coma oi both v\ere obseivcd to respond draniat 
3 y m twent} four to seventy two hours paiticiilarh if BAL was given eail;^ 
ore IS now a com memo hod^ of evidence that the toxic effects of arsenicals aie 
‘0 primarily to the fact tint thev combine with and block phvsiologic enzvme 
ems vital to the cellular econonij The antidotal action of B \.L is leferrable 
remove amenicals from combination with these enz^oiie systems 
e cells There has been discussion as to whether the central nenous svstem 
The particularly mjelitis are due to toxicitj or sensitivitv 

fh BAL has been diamatieallj effective in encepliahtis suggests that 

the involves toxicitv, leversiblc with cailv B^VL theiapj Since 

that ^ similai ui encephalitis and mjelitis, it can be postulated 

®i}ehtis is a toxic leaction which should lespond just as dramatically 

conc^*^ ^oik Hospital ease BAL was given too late to allow mfeicnces 

^therapeutic or diagnostic values Yet the outcome heie is unusual 
onlj two of the pieviously reported patients suivived one vnth seveie 
effee ^ elitis following the injection of neoarsplienamine is due to toxic 

lan f 3gent it should respond to BAL when given earlv It would be one 
^ } of mjehtis for winch theie is a specific therapeutic agent 
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SUJISEVRY 

Mjelitis iollowmg the admmistiation of neoai&plienamme is a laie but 
seiious complication of aisenical theiapy It is suggested that, if aisemcalconi 
pounds have been given to a patient developing mj^elitis, BAL theiapy be in 
stituted 
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LABORATORY METHODS 


RECOVER AND ESTIiXATION OF RADIOACTIVE ISOTOPEb 
FROM BIOLOGIC TISSUES 

I Gold 


R\.\BUR^ W Dunn, BS MS* 
Berkeley, C\rip 


TN ORDER to stud} tlie distribution of gold m animal lud human tissues t 
1 was uecessar} to de\elop a lapid and quautitatne method foi the ieco\er^ 
and estimation of this element Towaid this end use was made of the e\ 
penenee gamed, dunng 1942 and latei, with the eltctindepositioii methods em 
plojed on the Manhattan Fioject (unpublished papeiV Im estigations along 
these lines also were encouraged b} the successful use of eltctiodeposition in the 
determinatiou of ladioattue non b} Ross and Cliapin ^ Hahn * and others 
B} the use of the elcctrodeposition technique thin uniform films of the 
radioelemeiit niaj be obtained which then can be used foi tlie deteiminatiou of 
radioactuity Standard Geiget or alpha counters are emplo\ed for these meas 
iirements as the case ma} be 

As eaily as 1918, DeWitt, Caldwell, and Leii\cll had shown that it was 
possible to detcimine oia\imctiiealI} the amounts of r^okl pieseiit in biologic 
tissues after eleetrodeposition on platinum electiodes Details of the method 
employed by these authois could not be found altlioUc.li a buef description 
ivas furnished namel}, ICjeldahl digestion, followed b\ e\apoiation to about 
1<-C , treatment with aqua regia aud ammonia, and neiiti ilization with HCl 
The solution Avas filtered, made slighti} acid ivith HCl aud buffered with 
phosphoric acid sodium phosphate Eleetrodeposition A\as earned out lu 40 
ce of solution at 60 C aud 1 to 1 2 a oils Current densit} was not gneii 
RecoAeries of 80 to 100 per cent weie obtained with 0 02 to 0 3 mg of gold 
ScottM gi\es methods for the deteiminatiou of ^^old in electioplate baths 
3nd also outhnes a uucioaual} tical piocedurcj all using platinum anodes and 
cathodes and potassium cAinide plating solutions Procedures for the com 
^t-rcial plating of gold are given in standard lefciences and trade journals 
of these methods emplo} gold anodes and eithei chloude oi cjauide plat 
baths 

fn general, the method heiuu desciibed follows doseh the stand ird pioce 
^ures for tlie sepaiation and eleetrodeposition of gold 


^rom the Dhlslon of Aledlcal PhjslC"* UnUerBltj of California 

r.r Iron, t, e John and Mao MarKle Foundation 

John'an'd *Mao "^Markle Foundation tor the Studj ot Itheumatold ArUirltia 
^ the Atomic Energy Commission 

i 518 « 
ir^ages 199 iQt 
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LXPERIMENTAl 


Elect) odeposition Appmatus — The anode consists of 0 040 inch diametei 
platinum wire wound in a flat spiial The veitical length of wiie is sealed 
into glass and both aie connected into a siutably dulled biass lod % inch in 
diametei The lattei is fixed in the chuck of a stiiiei lotatmg at about 300 
1 evolutions pei minute 

Cathodes aie l^/^ inch diametei disks, 0 002 inch thick, eithei of platinum 
01 gold-plated coppei Platinum must be used foi exacting work, but for lea 
sons of economj the plated toppei ivas substituted m caiiymg out these ei 
]ieiiments 

BRASS STUD, 10*32 N F , 3-g- LONG 
WING NUT, 10-32 N F 
BRASS WASHER 
LUCITE TOP COLLAR 
PYREX TUBE, 1^ DIA. 

PLATINUM DISK, 1^* DIA 
neoprene gasket 
LUCITE BOTTOM COLLAR AND PLATE 

COPPER CONDUCTOR 


Fit 1 — Blectrodepositlon cell 



The electi odeposition celP shown in Fig 1 uses a 1^ meh outside 
Pyiex tube, 3 inches long batterr 

Opeiatiug eiiiient is supplied tioiu two cells of a t °\Lostat aT® 

An ammetei wuth a lange of 0 to 1 ampeie and a 1-watt, 2 o gon 

placed in senes wath the electi odeposition cell The aetua app^ Each an 1 
sists of twenty-foui such units aiianged in tw'o banks of F*’’’ 

has a toggle switch foi thiowung the ammetei in oi out o a scab 

woik with gold, a better aiiangement ivoiild be to use an gjjould haw 

of 0 to 0 2 amp and a variable resistance of 50 ohms Baci aljould 

a fuse to protect both the ammetei' and the resistance, an a i The 

be provided to measui e the potential di op between ano e an^^ 
apparatus used foi this wmik had been built foi another puipo 

be modified in the time available -pileninej^^ 

P)ocedu)e — The weighed tissues are digested in 25 m jn eith^'’ 

using either aqua legia oi eoneentiated nitiic acid plus sup 


♦Detailed drawings can be furnished upon request laboiatory 

tDesigned and constructed by Mr Robert Loevlnger of 
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case, onlj small amounts of leagent aie added at one time If excessive frotli 
mg IS eucountcied 1 drop of octyl alcohol is added Complete oxidation of the 
latter, as well as the tissue, must be accomplished befoie piOLeediiig furthei 
As a cariiei, 2 0 ml of a reagent grade gold chloiide solution maj be added 
either befoie, during or aftei digestion, althoiigli addition at an eailj stage 
m the digestion is recommended The coueeiitiation of this solution should be 
accurately known, and tlie solution should contain appioximately 5 mg pei 
milliliter of metallic gold as the chloride The concentiation of gold in the 
earner solution is determined either b> electrodeposition on taied platinum 
disks or by e\apoiatmg a knonn 'Nolunie to diyness in a tared poieelain crucible 
followed by heating to decompose the chloiide cooling and weighing 

Upon completion of digestion, excess nitric acid is iemo\ed bv addmg sue 
cessne small amounts of coueentiated HCl with heating The resulting solu 
tion IS evaporated to 1 to 2 ml and tiaiisfeired to a 15 ml centiifuge cone 
Only a roughly quantitatue tiausfer is needed since the electrodeposited film 
IS to be weighed, and reconciles as low as 90 poi cent oi even 80 per cent are 

acceptable 


The separation of the gold from all or nearly all of tlie associated elements 
■a the tissue digest is accomplished h\ i educing the gold to the metallic sfate 
The reducing solution is made ip to contain approximatelv 10 per cent 
NHjOHHCl and 0 4 per cent FeSOjTHjO Two millihteis of a freshly pre 
pared solution aie used for each 10 ing oi less of metallic gold Reduction is 
h^teuedby placing the cones in a beaker of hot water which is 1 ept just below 
me boiling point for fifteen to thirty minutes The ferious sulfate is omitted 
nom the reducing solution when xume and feces «amples aie to be run 

•ikfter centrifugation, the supeniatant liquid is discarded The centrifuge 
cone wall and the gold may be washed and centrifuged and the wash solution 
also discarded Although this is not consideied necessary for loutme work, it 


n’lis earned through when tlie set of deteiimuatious sho vn in Table I was made 
The pellet of piecipitated gold is leadily dissolved in a mixture of 4 drops 
0 bydrocidoric acid plus 1 drop of nitric acid Placing the cone in a beaker 
0 hot water aceeiwiates tlie reaction which is usually complete withui fifteen 

minutes 


Tlie aqua regia solution of gold is made all alme with 5 ml of IN sodium 
*> roxide Aftei mixing, this solution is traiisferied to the electrodeposition 
The latter sliould be assembled with a taied and numbered disk and 
? 2 ml of a 5 per cent solution of potassium cyanide m 0 IN sodium 

T roside coveimg the disk befoie the gold solution is added The centrifuge 
IS washed with distilled witei, winch is also pouied into the cell In rou 
me Tork this is accomplished by filling the cone once with distilled water, fol 
mved by transfei to the cell 

The anode is placed in the solution it about ^4 to 1 mch from the catliode 
6 current is adjusted to approximattly 85 nulliamperes Since the actual 
^ area is about 8 5 sq cm , the current density will be 10 Ala per square 
‘^^ntnneter, or approximatelv twice the current recommended for commercial 
"’^troplatmg* 


Page 0 » 
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Deposition is allowed to pioteed toi one honi at loom tempeiatuie At the 
end of this time an additional 2 ml of the cyanide solution aie added, folloived 
anothei hoiii of electiodeposition 

Upon lemoval of the anode the cell contents aie discarded, and the cell is 
washed i\nth distilled watei Aftei disassembly the disk is again washed, ruiseil 
in acetone, and placed in a ivaim jilace to dij' The gioss weight is generally 
obtained beloie the i adioactmty is detei mined, although this is not essential 


Notes on the Analytic Pi ocedui e — 

Digestion As often hippens in the ivet digestion of biologic tissues, there ire oi 
.usional samples idudi piecipitate sparingly soluble crystalbne salts upon evapora m o 
small volume When such occurred during this work, the solution and precipita e were 
feired together to the centrifuge cone and the procedure was carried t iroug as w 
other simples The piesencc of this matenal, which was alwais in lery sma amou , 
paiently did not interfere with the results To insure that no radioactive go is , 

ever, any insoluble material sliould be dissolved at some pomt between t e ime 
IS added and the time reduction is completed, even though an extraneous precipi a 
later as it frequently does w itli urine uid tcccs samples This precipitate oes no 
with the electrodeposition When octyl alcohol is used to prevent frotimg, a wa. ^ 

IS frequently formed which has i low melting point and which may not be o compict® 
solution IS cooled to below room temper iture Precautions should be taken o o ai 
digestion of this organic matter 

heduction Tlie use of both hydrowl uninc and ferrous sulfate 
lattei reduced the gold more ripidly than the foimer, and there was usua y a s 
of unwetted gold floating on the meniscus after ceutrifugmg This go 
upon decantation oi had to be removed on i stirnug rod and returned a er of 

hydroxy lamme occuired in three distinct pluses, namely, reduction to aurous, 
colloidal gold, and iinilly, precipitation of the metal Unwetted go ob 

obtained when this reigeut was employed, but the formation of a bgit go les, 

served frequently When a mixture of both reductants w is used, both p leno 
pronounced, and the rate of i eduction was about the same as dliariicter 

The influence of acidity and salt concentration upon the late of reduc ion da 

of precipitated gold was not investigated A cousideiable range o con 
countered, but the results in all cases vveie satisfactoiy done 

bolution, of Gold in Aqua Segm When miiror formation was ' guffitient 

was placed in only about 1 inch of hot watei to histen the dissolving rea 
aqua regia condensed on the wall of the cone to dissolve the mirror comp e e pjocipitet® 

Addition of NaOn If insoluble s ilts are present after digestion, a jjioy be 

IS sometimes present or is formed at tins point If desired, this inso 
removed by centiifugmg before the solution is transferred to t e e 
This was not done with the experiments reported cleaneil b 

The Cathode Dish Both platinum ind gold pilated copper ^Witl‘ the 

immersion in warm concentrated sulfuric acid dichromate cleaning so the ptete 

type of disk, immersion should not be for longer than two to three m ^ of 

does not offer sufficient protection to the copper to prevent its isso disks may 

disk must be thoroughly rinsed with watei after this treatment the goldp'^* 

dried directly after washing but an acetone rinse is lecommende i-econunesd^ i 

copper Heating the platinum disks over a buiner in older to dry ™j^dut bendmg 
since they then lose their tempei and are more difficult m„.''!onner' disks lost rather 
experiments carried out by Bertrandio indicated that plain c pp further, d 

gamed "weight during electrodeposition "Witiiout mvestigatmg 
decided to try gold plated copper disks in the hope that the forma lon^ gplufion c' 
surface of the copper and attack of the copper by the cy anide p a i d 


thi 

;0Uld 
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be reduced or eliminated TIio 'ilternntnc uns to eitlier {,oJd or platinum di ks, ^vliich 
m new of the number needed and the diiQcultics invohcd in ri-inoMog the radioactive layer 
would not be economical Whilo the use of iiHted copper did not entirely eliminate the 
weighing error, the results obtained were satiafaclorj for this tjpt of anahsis The thick 
nesa of the commercially made gold plate was not dettrimned The actual plating was done 
on strips of copper 14 by by 0 002 inch The !>/ inch disks ^er«, then punched out 

Jileetrodeposition It was frequently obbcrvtd that the plated disks in the as embled 
cells would discolor upon transference of tho gold solutions to them This occurrence was 
minmuzed but not entirely eliminated, by adding the c\nniJe ■^elution to eitlicr tlio cone or 
the electiodcpositioa ceU before tr’insfertnce The aWition of the KCN directh to the 
cono prevents precipitation of auric hydroxide the latter oinetinies occur upon allowing 
the solution to stand for several hours with NaOlI alont Neither the cau o of the dis 
coloration reaction nor its influence upon the graviuietnc dttermination was investigated 
The color of tlie gold plate on platinum disks was eitliir vcllow or liglit orange while that 
on gold plated copper varied from light rose to brown The color in the latter case is 
pointed out by Weisburg and Qraliaiu * iin\ be due to the pre ence of copper (from the 
cathode) m the plating solution Gold plates on platinum frequently showed small blisters 
>n which case the deposit was casil> broken loose b\ scratching Tlie use of a wetting 
agent sucJi as one of tlie alkyl aryl sulfonates as suggested bv Hartshorn n might eliminate 
this difBculty Blistering was not observed with the plated coppei disks but the deposit 
on these disks could be rubbed oH to an appreciable extent peril ips liecau'^e of the admixture 
® copper, hence highly active disks must bo hnndled cnrcfulK m order to prevent contamina 
ion of counters, and so on, duo to powdering off of ^naJI ujuuighaWc amounts of gold 
e decision to use alkaline cyanide plating solutions rather iliin acid chloride was based 
^ that in the ca«o of tho latter there probahh would be some attack of 

nlflt anode due to the formation of fiee chlorine and tlierefore deposition of 

P mum With the gold Tlie pos ibility of attack on the platinum bv the cyanide however 
'8 not ruled out 


ANALYTIC ItE&UlTs 

The data sliown in Table I should be divided into tliree groups Determuia 
tioiis 77 tiirougli 84 t\eie earned out tMth what is considered to be the piopei 
amount of eairiei gold to insuie complete leeoaerv of the ladiosctnity and at 
same time to gne a sufBcieut amount of deposit foi gramnetne purpose 
namely iQ milligrams Determinations 85 thiough 92 avere earned out with less 
bian 10 mg of cdinei ^^old With both of these gioups, the xaiious solutions 
added directly to the assembled electiodcpositioa cells as follo\\s 5 ml 
of IN sodium hydroxide, 4 drops of hydrochlonc acid, 1 drop of nitnc acid, 
- hil of 5 pei cent potassium cyanide the earner gold solution and the radio 
oOld solution Distilled water uas added in each case to nial e a total volume 
approsiniately 30 luillihteis Deteimiiiafions 77 through 92 weie actually 
sets of duplicates 

The third group comprises Delenniuations 93 tliiough 96 This group of 
identical determinations was earned out to test the recox eiy and electro 


plating 


proccduies under carefully coiitioUcd uonditioiis For this purpose 


t'lree normal adult mice -neiglung 20 to 25 giams each avere dry ashed in the 
“uffle furnace at 600” C The ash uas taken up in aqua legia and the excess 
"'tne acid remoied as outlined under Piocedure The resulting solution was 
dated to 150 ml and 10 ml portions were used for each of these four deter 
^■iiations The cairier and radioactive gold solutions were added and the 
^^^oing proved me xvas then followed 
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Table I Eeco\ery of Kadiovctive Gold From Solutions Containing V^U!\ing AiioirMt, 

OP Eu)iOAcrrmT\ \nd Carrier 







1 COUNTING DAT 1 

EATTVPO 1 







COUNTS 



LATED i 



NOPMAL 

RADIO 

INCREASE 

RECOVERA 

PER ilL 



COUNT i 

^lECOVHT 

DETER 

GOLD 

GOLD 

IN DISK 

OP NOR 

AU’“ 


elapsed 

SHELF 2 

OFEADIO 

illNA 

ADDED 

ADDED 

■WEIGHT 

ilAL GOLD 

(PER 

COUNTER 

TIME 

(TIME 

ACTmrsI 

TION 

(MG ) 

(ML ) 

(MG) 

(%) 

MIN ) 

SHELF 

(HR) 

=0) 

(%) 


77 

10 3 

1 

10 3 



4 

2 

2400 

- 

78 

10 3 

1 

10 5 

102 


4 

2 

2350 

- 

79 


2 

10 5 

102 

1610 

2 

36 


- 

SO 

10 3 

2 

10 4 

101 

1585 

2 

30 

2350 

- 

SI 

10 3 

0 

10 2 

99 


4 

2 

2350 

- 

82 

10 3 

5 

10 4 

101 

335 

4 

2 


- 

8! 

10 3 

10 

10 4 

101 

530 

4 

3 

2350 


84 

10 3 


10 4 

101 

320 

4 

3 


- 

85 


2 

-0 3 

— 

1480 

2 

35 

2150* 

91 

80 


> 

-0 4 


1480 

2 

35 

2350* 

91 

87 

1 0 

2 



1400 

2 

45 

2300* 

OS 

88 


2 

09 



2 

45 

2300* 

9S 

89 

21 

2 

19 

90* 


2 

45 

2250* 


90 

2 1 

2 

2 1 


1435 

2 

45 



91 

51+ 

2 

51 

99 

1450 

2 


2350 

” 

92 

5 1+ 

2 

52 

101 

1455 

2 

45 

2350 


93 


2 

10 0 



2 

4b 

2350 

100 

94 


0 

305 

■ S 

3435 

2 

40 

2350 

100 

95 

10 3 

2 



143 > 

2 

46 

2350 

100 

BliM 


2 


■ 9 

1400 

2 

46 

2300 

yb 


Average 


101 


2350 


Count on shelf -1x00 (approN ) = count on shelf 2 
•Not included in the averages 
tBased upon 2 3o0 counts per milliliter per minute 
Half life of Vu^** 2 7 da\ s 


Tvbll II Reco\er\ 01 Gold From Ashld Biologic Tissue Solutions, 9 8 mg of 

Carpiei Gold Added 


\RTHRITIC PVTIENT 


tissue 

S VMPLE 


SAMPLE 
MT OR 
TOL 


Syaowa 
Muscle 
Supeifieial 
faseia and fat 
Skin 

Deep fascia 
Blood 
Blood 
Blood 
Blood 
Blood 
Blood 
Blood 
Blood 
Blood 
Synovial 
fluid 

Second day 
urine 
First daj 
feces 

Second daj 
feces 


VUU>" RECOVERY 


MG 


% 


0 33 Gin 
0 71 Gin 
122 Gm 

0 31 Gm 

0 31 Gm 

2 MI 
2 ^M1 

2 Mi 
2 Ml 
2 Ml 
2 vn 
2 Ml 
2 AH 
2 AH 

1 5 Ml 

100 Ml 

Total! 

Total! 


9 2 
98 
9 7 

94 
98 
9 8 
97 
80 
94 
9 0 
9 1 
9 3 

93 
9 1 
88 

9 0 

8 5 

94 


94 
100 

99 

90 

100 

100 

99 

82 

96 

97 
93 

95 
95 
93 
90 

92 

37 

9b 



Kidney 

Spleen 

Testicle 

Articular cortex 

Articular cortex 

Adrenal 

Liver 

Marrow 

Lung 

Aorta 

Synovia 

Synovia 

Tendon 

Tendon 

Small intestine 

Bone 

Heart 

Aluscle 

Skin 


5 0 
20 
28 
26 

30 
02 
02 
12 
33 

03 
02 

04 
02 
02 
2 8 
10 

31 
41 
08 


Average 


94 


90 

97 

97 

96 

98 

97 
9 5 
79 

10 0 

93 
90 
90 

95 

94 
94 

96 

98 
oo 
98 


99 

99 

9S 

100 

99 

97 

ST 

101 

Qa 

95 

95 

9/ 

90 

QO 

93 

100 

6T 

100 


•Eleotrodepositlon cells leaked values not included in the average 
fWelght not obtained 
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Two tjpical sets of biologic data are „iveu in Table II These data were 
collected during the course of the woik with aithiitis eairied out b\ Bertrand 
and CO workers 


DISCUSSION 

™n^T offered for tlie 101 pel cent avenge recovery of added 

„old, table I Since the erioi involved in biologic work is usinllj greatei than 
e error vvliich would be introduced bj using the pel cent earner gold recov 
erj as a factor in calculating the ladiogold lecoveiv no fuither work vv is 
carried out to eliminate this disciepaiicv The pei cent lecoverj values shown 
111 table Iltherefoie vveie used in cileulatin^ the oii.mal tissue ^old activitv' 
not reported lierein 

One surprising result obtained as sho\m in Table I (Deteiinniatious 85 
and 86) was the 91 per cent recovery of radioaitne ,olcl ^^hen no carnei gold 
added to the solution in the electrodeposition cell The solution of ladio 
ac ne gold contained 5 /ig of metallic gold pei milliliter in the form of sodium 
bO losulfate Tiie quantitative lecovery of gold during electi odeposition 
ere ore was greatei thau one vvould be led to expect tbe loses m disk weight 

notwithstanding 

In carrying out the gold puiification pioceduie witli tissue digests from 
e arthritic patient ferrous sulfate was used as a reductant Trouble v^^s 
^xpenenced only v\ith the uiiiie ami feces samples Lpon adding the leductaut 
0 e jgested solutions from these samples a red brown floeculent precipitate 
vas 0 tamed m three of fom cases The fourtli case appeal ed to giv e a normal 
^recipitate, but unfoitunately the sample was lost upon centrifuging and a 
e er observation could not be made The abnormal precipitates weie com 
TliV eoneeutrated HCl showing that reduction had not oceuiued 

the ^ hjdroxylamine to these samples give normal piecipitation of 

'c odd The use of the mixed icducmg solution with these two tjpes of 
snip e is not recommended , In dioxj Hmiiie alone should be used 
1 , results with the rabbit tissue samples also shown in Table II weie 
ni T hvdrox^lamine alone as a reductant All determinations oiven 

techif ^ earned out using loutinc oi roughly quantitative tiansfei 


SUMM VR\ 

-t method is desciibed for the lecoverv and estimation of ladioactne -old 
f'-oni bidogic tissues 

^^sults obtained with tins piocedure are well within the allowable 
^ or tills tj pe of determination 

1 ^ rather wide lange of conditions satisfactory lesults weie ob- 

in all cases 

u method is rapid requiring no special techniques and the electrode 

' equipment is fairly simple 

** indebted to Dr J H Laurence Dr C A. Tobias and Dr J J Bertrand 
“^^edfortds and ^advice and to Jean Luce for the digestion of the many biologic samples 
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The radioactive gold samples at first were supplied through the courtesy of J G 
Hamilton and later by the Atomic Energy Commission 
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THE USE OP PRESERVED ER\THROCYTDS FOR THE DETECTION 
AND IDENTiriCATION OP Rh ANTIBODIES 

Paul G Hvttersle\, M D ,* vnd jMvRaxRETTE L Fvwcett, B S t 
Sin Francisco, Calif 

AN IJIPORTANT lequisite for aiij Rk testing laboiatory li a constant suppl} 
of Ejioup 0 human ei 3 tlnoc\tes of \auous Rh t^'pes I oi the qualitative 
detection of Rh antibodies, cells of types CDE (RhiRli I and cde (RIi negative) 
are higlilj desirable v\hile foi accuiate identification of the antibodies vvluch are 
encouutered, cells of Cde (Rh') eDe (Rh ) md edP (Rh') and occasionalh 
other laie tjpes must be available Even the Ingest blood tvpiiig centeis tie 
quentl} have difficult} obtaining doiiois of tiu dtsued tvpes howevci and to 
thesmallei I'lboiatoi’j this difficult} ina} constitute an insiumountable hmdicap 
to adequate antibod} testmg 

We have attempted to solve this pioblem b} pieseiving blood specimens 
tn anticoagulant solutions We have found as has luen repoited b} othci's that 
wion blood IS mixed with an appiopmte volume ot steiile Alsevers or acd 
solution and is stoied in the lefrioeiatoi it Keeps with a minimum of hemol}sis 
or many weeks In evaluating such picscived blood foi oui puiposes theie 
''ere two questions wliicli demanded an answei (1) Do the cells retain then 
aoodutmabilit} 2 (2) Do the} letam then spocificitv ? In a preliminary attempt 
0 answer these questions the following stud} was made 

t donor troup A MN Elqrli (cDE/cde) v\as bled avtptJLally and 5 c c of tlio blood 
ere m«ej m each of a cries of capped bottles with 5 ec of sterile Alsever s solution One 

e Vi'ia withheld for immediate study and the renninder were stored at refrigerator 

peraturo (4 C ) \,t weekh intervals one bottle wa^ removed from the refrigerator for 

‘Ulj and discarded 

Facli specimen was titrated ng’iinst a standard anti D {RIi ) blocking serum of proved 
^piii^ qualities m the following manner * 

(I) Vn approMmately 2 to 3 per cent su pension of cells was made in 30 per cent bovine 
aminj by adding 2 or 3 drops of tJic blood anticoagulant mixture to 1 c c of albumin 
^ (-) Tho standard antiD (Rh ) eruni was «:eriallv diluted in normal AB serum and 

rop of eich dilution was placed m a senes of small agglutination tubes 
( ) To each tubo was added 1 drop of the cell su pension 
fnoder t wore incubated m a 37 C water bath centrifuged three minutes at 

e speed and examined under the dis'»ccting microscope for agglutination which was 

as 1 plus to four plus 

The titers obtained are recoidtd m Table I It may be seen that theie was 
y 'ery little fluctuation m titei, piobably due entirely to vaiiations m tech 
until the seventh week At that time there began a definite deciease in 
'\bicli was pioved by adequate contiols not to be due to deteiioration of the 
"as at this time that the stored blood firet showed gross hemolysis 
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HATTERSLEY AND FAWCETT 


T.ujle I Titer op Standard Anti Eli„ (D) Serum Ag/Unst Eh rli (cDE/cde) Cats 
Stored in Alsevfb’s Solution at 4° C 



*Gio3s 1> homobzecl 

tFresh cells of same donor tested asainst stoicd serum at same time as 9 


week old cells 


A saline cell suspension of each specimen was likewise tested against tlie 
high-titeied human anti-A and anti-B seia which aie loutmely used in t is 
laboiatoi’^ ioi Landsteinei gioupmg as well as against the loutmeKlisu 
seia In e^ely case the leactions weic exactly as they weie when the no 
flesh No false agglutination oi false negative leactions oceuried 

Similai obsei vations have been made since m blood specimens of all o 
Landsteinei t-s pes and a wide vaiietj of Rh and Hi types In the two ^ 
Alsevei ’s and a c d solutions have been used m oui laboi atones, t lere a^s^^^ 
been anj evidence that cells pieseived m this way aie not peifect} 

Rh testing as long as theie is no gioss hemolysis This peiiod has 
hands between two and eight iveelis, depending upon the eaie g^l, 

tamination is avoided and the amount of agitation to winch the ce 
jected 


DISCUSSION ^ ^ 

The advantage of a satisfactoiy pieseiwng medium foi into 

testing IS peifeetly obvious Since the mtioduction of the Alseier ® 
oui laboiatoiies we have had little difficulty in keeping gj,nple to 

cells of aU of the Rh subtypes which we have needed in oui woi v ^ 

keep a lostei of patients and donois of vaiious gtore 

weelts 01 a month to call in the appiopiiate individuals ^oiiatioa 

of pieseii ed bloods We have found it most satisfactoiy to contannnak^ 

between two oi moi e bottles of anticoagulant, so that if one ■\ 7 hen celb 

01 hemolyzed in handling, the supply of cells will not be lost en aseptic^^^' 

of some paitieulai t3'^pe aie needed foi testing, a few diops aie albunu*' 

fiom the appiopriate bottle and a cell suspension is made or fi'® 

If one IS using a technique such as the slide test of Diamon a solutiou 
conglutination test of Wienei in which the presence of an aq^^ ggntrifu"® 
sodium citiate might inteifeie Avith the test, it is necessaiy^ undiluted 
mixtuie, poui oft the supernatant, and lesuspend the ee s i 
01 plasma 









PBESEKVED EBiTHKOCYTES IN DETFCTIOV OF RH ANTIBODIES 


im 


We feel that this method of piesemng blood has become an indispensable 
adjunct to the propel functioning of oui blood grouping laboiatorj 

SUlllIAKN 

jilseier’s and a c d solutions liaie been found valuable foi pitsening whole 
blood of various antigenic types Cell suspensions made ftom such preseived 
blood are satisfactory foi testing sera foi the coiiespondiug Kh and Hr anti 
bodies 

RtFtKENCF 

] Hattersle>, P G, and Fawcett, M L The Prozooc Piipnoiupnon m Kh Blocking berums 
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iMETHODS TO INCEEASE ACCUEACY IN THE USE OP HAYBMS 
SOLUTION POE EED BLOOD COUNTS 


Edna H Tompkins, M D 
New Haven, Conn 

I N 1934 Biyan and Gaiiey^ published a desciiption of a lotoi loi the raeiham 
cal mixing of blood in diluting pipettes which affoids nioie exact white counts 
than othei methods of mixing The eiythioeytes, howevei, otteii weie found 
to ball when diluted with tlie usual diluent ioi icd blood counts, Has eras 
solution This effect was found to be due to the bithloiide m the diluent, ami 
Toison’s fluid was theiefoie lecommended foi led counts 

Ch’u and Poiknei- obseived clumping ot eisthiocytes with the use of 
Havem’s solution in eeitain pathologic conditions even when the pipettes ueie 
shaken by hand, and they suggested substitution of Gowei ’s solution to a\ou 
the piesence of bichloiide 

Neithei of these suggestions, as is also tine ot othei substitutions that 
have been ofteied ovei the xeais, has leceived populai adoption The reasons 
foi this aie seveial eithei the diluents suggested weie impiactical oi e 
geneial lun ot eases and laboiatoiies, oi the piecaiitions ofteied in the use o 
them, as well as of Hajem's solution, proved inadeciuate upon widei '^age, or 
custom on the pait of the medical piofession at laige and the relative , 
satisfaction that has been afforded by tlie use of Harem’s solution etermiu 
that that should lemain the diluent of choice foi led counts 

Hajem^ devised the formula rvhich is now in common use as ^ 
foi led counts at a time when blood counts weie beginning His me i^^ 
obtaming and mixing blood, and even of supeimiposing it on the ciam^^^ 
cormting, weie less leflned than those employed today, and the 
accuracy were coriespondingly difterent Nonetheless, use of ^ 
sufficrentlv stood the test of time to be continued legaidless o t e 
voices fiom peiiocl to peiiod As Ch’ri and Foiknei" have ^uthout 

ideal diluent should preserve the cells and sharpen then visi n 
danger of destroying any of them or of too gieatly distoitmg ^ 
keep without deterioration, should eliminate dangei of giowt o 
and should permit satisfactory distribution of cells ni the pipe e 
counting chambei Hayem’s solution fulflUs all the distiiba 

ideal diluent except the indispensable one of dependably satis gjjoiij 

tion of cells With nrixuig by hand, or with vigorous gimnnatr^ 

due to unsatisfactory distribution can usually be reduced, thong for 

Wrth the advent of the mechanical lotoi which was prove ami 

whrte blood counts, whrch can rotate as many as eight pipettes labowtoi'^” 
IS therefore desirable as a time-saving device for clinical an le^’ 
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ACCURICI IN USE 01 HVYERl^S SOLUTION FOR RED BLOOD COUNTS 1181 

and ^\hich is no^\ mauufactuied commeiciallj the inequalities of distiibution 
of erjthrocjtes in Hajem’s solution ha%e become moie e\ident and moie in 
need of lemed} 

In Mcw of the fact tliat the Mig£»tstionb ahead} made foi substitution of 
other diluents foi led counts ha\c failed to be adopted it seemed prefeiable 
to attempt modification ot Haj cm ’s solution in sucli a mannei as to eliminate 
the dangers to distiibution inherent in it, latlici than to eiicouiage further use 
of different diluents Such modification has been attained in one of two ways 
eitJier by reduction of the proportion of biciilondo to as low as that leconi 
mended bj Jorgensen,* together with caieful control of the pH of the diluent 
between 5 0 and 7 0, or b} addition of such colloids as gelatin or lecithin to 
Hajem's oi Joigenseii s solution without concein for pH below 7 0 Ch u 
and Forknei found Jorgensen s solution unsatistactoi*} m the eases that the^ 
studied, but as the importance of the hjdiOoCn ion eonceutration in the use of 
Jorgensen s solution was not recognized at that time it is piobable that failiue 
to coutiol that factor ieatuied m then findings 

The gentleness of the movements of the lotoi of Bnan and Garrc} scived 
as a tool to show that the dangci of clumping uitii Haj cm s solution often is 
masked bj other methods of mixing, but is actiiallj iiiJiereiit in the use of bi 
chloride in diluents lucspectuc of the manner of mLMn© The rotoi peniiitted 
analysis of the causes that underlie the clumping and tliat feature m the leme 
dies which assure against it Tliesc studies arc gn tii in detail in a companion 
paper This leport will be confined to the piactical points m the piepaiation 
and use of the modifications of Ha^em s solution that have been found to pre 
^ent dumping, and to compaiison between red blood counts made with Havem s 
‘'Ohition and with the modified diluents 


METHODS 

The formula for Jorgensen 3 * solution is ai follons 


Tlie formula for 


Na &0, 

25 

Gm 

KaCl 

05 

Gm 

HgCl 

0 05 

Gm 

If 0 (distilled) 

100 cc 


Ilnj era's solution modified li} 

the addition o 

Na SO 

2 5 

Gm 

NaCl 

05 

Gra 

IlgCU 

0 2j 

Gm 

Gelatin 

0 01 

Gm 

if 0 (distilled) 

100 c c 



gtlatm IS ns follows 


J,elatm used was n powdered preparation Other preparations were not tried but it is 
J“"gc<l that aaj preparation of sufficient punt} to rulo out the presence of harmful electro 
Jtea would be satisfactory It should of cour e, bu kept dry for weighing 

Preparation of Hayem a solution containing gclatm is made most ea<il> b\ diBSoliing 
desired amounts ot sodium sulfntc sodium clilorule and gelatin in one half the de 


''oI 1 as Bacto Gelatin b> DIfeo laboratories Detroit illcli 
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sired amount of ivater, iiaiming- if necessaij to hasleu solution of the gelatin, and (2) the 
desiied amount of bichloiide in the other half of the desired amount of water 'When the 
two solutions are complete they should be mixed, with precautions to avoid foaming, and 
stored 'Where large amounts of tlic diluent are desiiable because of frequency of demand, 
it IS helpful to make a sufficient supply of the double strength bichloride solution and to 
mix tins with fresh batches of the double strength saline gelatin mixture as desired The 
double strength bichloride solution keeps indefinitely in Pyrex glass and may he filtered, if 
necessary, before mixture wnth the solution containing gelatm The mixed solution must 
not be filtered, but merely decanted, should the precipitate occur that is common in 'alme 
solutions of bichloride 


Both of the modified diluents should be kept in Pyrex containers smce solution of the 
glass inevitably carries the danger of elevation of the pH to the point where clumpmg of 
the red cells cannot be prevented Furthermore, even readjustment of the pH— if it has 
become elevated by solution from a container — is not sufficient to avoid clumping This 
indicates, of course, that electrolytes dissolved fiom glass must have effects upon clumping 
in addition to those produced bv increase in the pH * It has been deternuned that either 
of the modified diluents can remain in contact with the particular types of dduting pipettes 
that were used for these experiments for as long as twenty four hours without change m pH 
Eed counts made with the modified diluents were compared with counts made with 
the standard Hayem’s solution The counts were carried out under experimental conditions 
that were planned to simulate conditions that might occur in routme chmcal use Judgnien 
as to satisfactory distribution for blood counts was made, first and foremost, by microscopic 
inspection of the filled counting chambers The counts were earned out merely for expen 
mental assurance that they would, in reality, meet the usual standards for red blood wun^*^ 
They were not planned primarily for a comparison on a statistical basis, and 
number of counts with any given diluent is considerable, the number for any given co 
with that diluent is admittedly too few for satisfactory statistical analysis 'When 
on that basis, nevertheless, the groups of counts with each of the diluents do s ow r 
that are in agreement with the conclusions based on the microscopic studies mre ° ^ 
significant data from the counts are presented m Table I and Fig 1, and are 
probable statistical support of conclusions that depend prmiarily upon microscopic^s^ 

As additional security a larger series of counts made wuth Hayem’s solution alone a 
Hayem’s solution containing gelatm was obtamed for a smgle experimental con 
material is presented in the discussion of the experimental data 

The blood for all of the pipettes for any given series of counts was 
same time from a freely flowing finger stick The same subject and IvO 

throughout Both Haak and Trenner automatic pipettes were used in the compa 
differences due to the model of pipette were found The pipettes alwavs ^as 

quick shakes by hand immediately after fillmg The mixing of the blood wi 
carried out by different methods wluch were, in turn, employed for different pen 
When the blood was mixed by rotation, a commercial model of the Bryan fouwl to 

used It was tested against one of the original expermiental models an 


- _c» — ^ ^ 1,11 expenaioatol 

give identical results When the blood was nuxed by a mechanical sha er, 

model devised by Beardof was employed In some instances mixing iiuxing 

In others, the pipettes were aUowed to stand foi various intervals e o 

started These data for the different sets of counts are given m Tab ® , Twenty or 

counting chambers with the improved Neubauer ruling were used gpefi l^en 

more drops always were expelled from the pipettes before the chambers w 

successive drops were to be counted from a single pipette, ten or more 

♦I wish to thank Di Ann Minot Department of Biochemist^ jrwhlch'ink?^ 
Nashville Tenn for these determinations and for the helpful mw ^ solution . 

gation of the causes which underlie the clumping- of blood with jg^bilt Vlcdicat 

tThe model was made while Dr Beard was connected with through ‘ 

Nashv ille Tenn Similar models hav e been used in numerous la 
tesv of tliat school 
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expelled between each lilhng and all chanihers wero filled m sequence Those not to be 

counted at once ^\cro allowed to st'^ind on moist paper under a bell jnr 

There was a sinking tendoncj for the red cells to become aligned with the lines of 
the chamber and to leave the centers of the small squares lelativelj depleted of cells when 
the diluent contained gelatin and the chamber was allowed to stand for any considerable 

time after filling Since analysis of tho data to follow indicates a gain m accuracj in 



ebenTw. ^r~Scatter cliart showlnff the number of counts In a series tJiat fall within an> 
erence to Tabfe V mean of tho series. FxperJmental conditions can be obtained bj ref 


made m the presence of gelatin, this alignment of tho red cells would geera to bo 
^nimpojtont to tho accuracy of tho counts and to represent simply a mutual shift in posi 
of cells that had been well distributed, rather than a basic fault m distribution 


la 

lhat 13^ 


conformity wath tho usual clinical routine fito small squares of the counting chamber 
one fifth of a square millimeter, were included for each count The values are 
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Sired amount of water, wuniing if necessary to hasten solution of the gelatin, and (2) tlie 
desired amount of bichloride in the other half of the desired amount of water WTien the 
two solutions are complete they should be mixed, with precautions to aioid foaming, and 
stored Where large amounts of the diluent are desirable because of frequency of demand, 
it IS helpful to make a sufficient supply of the double strength bichloride solution and to 
mis this with fresh batches of the double strength saline gelatin mixture as desired The 
double strength bichloride solution keeps indefinitely in Pyrex glass and may he filtered, it 
necessary, befoie mixture with the solution contaimng gelatin The mixed solution must 
not be filtered, but merely decanted, should the precipitate occur that is common in 'aline 
solutions of bichloride 


Both of the modified diluents should be kept in Pyrex containers since solution of the 
glass mevitably carries the dangei of delation of the pH to the point where clumping of 
the red cells cannot be preiented Furthermore, e\en readjustment of the pH— if it has 
become elevated by solution from a container — is not sufficient to avoid clumpmg This 
indicates, of course, that electrolytes dissolved fiom glass must have eflfects upon clumping 
in addition to those produced by mciease in the pH* It has been determined that either 
of the modified diluents can lemain m contact with the particular types of diluting pipettes 
that were used for these experiments for as long as twenty four hours without change m pH 


Eed counts made wath the modified diluents were compared with counts made inth 
the standard Hayem’a solution The counts weio earned out under experimental conditions 
that were planned to simulate conditions that might occur m routine climcal use Judgment 
as to satisfactory distribution for blood counts was made, first and foremost, hv microscopic 
inspection of the filled counting chambers The counts were earned out merely for expen 
mental assurance that they would, in reality, meet the usual standards for red blood couns- 
They weie not planned piimanly for a comparison on a statistical basis, and althoug ® 
number of counts with any given diluent is considerable, the number for any given eo 
with that diluent is admittedly too few foi satisfactory statistical analysis Wlien 
on that basis, nevertheless, the groups of counts with each of the diluents do show re^^ 
that are m agreement with the conclusions based on the microscopic studies T ere ore ^ 
significant data from the counts are presented in Table I and Fig 1, nmJ are discus, 
probable statistical support of conclusions that depend primarily upon microscopic ® 

As additional security a larger series of counts made with Hayem's solution alone a 
Hayem’s solution contaimng gelatin was obtained for a single experimental con i ion 
material is presented m the discussion of the experimental data ^ 

The blood for all of the pipettes for any given series of counts was 
same time from a freely flowing finger stick The same subject and Ifo 

throughout Both Haak and Treuner automatic pipettes were used m the comp^ 
differences due to the model of pipette were found The pipettes always 
quick shakes by hand immediately after filling The mixing of the blood wi 
carried out by different methods wlucli weie, in turn, employed for different pen 
When the blood was mixed by rotation, a commercial model of the Bryan to 

used It was tested against one of the original experimental models an 
give identical results Wlien the blood was iiuxed by a mechanical shaker, 
model devised by Beards t was employed In some instances mixing was was 

In others, the pipettes were aUowed to stand for various ® r-.^Haus < 

_J_ J._J 1 mi t • ^ . . /. iOntlXII in Tfl.bl6 J. ^ 


started These data for the different sets of counts are given in 


Twenty < 


XUl LillC UlAieiClil/ OCI/O VX q- • - T, « + 

counting chambers with the improved Neubauer ruling w ere used throng 
more drops always were expeUed from the pipettes before the nHo 


successive drops were to be counted from a single pipette, ten or 


X^anderbllt 


SebocJ 


*I wish to thank Dr Ann Minot Department of ^'ochemlstry ^i,ich initiated 
Nashville Tenn for these determinations and for the helpful mm ^ solution n.^oot 
gation of the causes which underlie the clumping of blood jprbilt Medica' 

tThe model was made while Dr Beard was connected » through v> 
Nashv ille Tenn Similar models have been used In numerous lao 
tesj of that school 
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cells obser\ed in Joigensen’s solution A\itli noinial blood \\h.en tlie \alues 
for pH Aiere below 5 0 With \alues abo\e that l^&ls ^\as not detected in 
normal blood nor in a patient witli congenital liemoljtic icteius in lelapse * 
The saline fiagilit} of this patient at the tune of the obsei\atious nas abo\e 
056, the led count, 2,560,000, the ictieulocjte count, 12 8 per cent, and the 
icteric index, 15 units The ei\thioc 3 te counts of this patient made fiom 
pipettes diluted \\ith Joigensen s solution and aUo^\ed to stand foi as long 
as Uent} foui hours before counting did not diffei fiom tliose fiom similarh 
filled pipettes that ■\\eic counted immtdiateh noi liom pipettes that weie 
diluted with Hajem's solution eoiitammg ,^elitin L\sis must be detected b^ 
observation of fading cells oi thiough conipansou ot counts made b} methods 
in which theie is no question of Ijsis, since the effect of bichloiide upon anj 
liberated hemoglobin conceals the leddcnin,^ ot the suspeiisoid winch oidmarih 
announces hemoljsis 

Berksou and co woikeis ® do not state spcf ificalh what diluent the> eni 
Plojed ni then series of statistical studies concerning the limits of significance 
m red blood counts, but tbe^ do state that the\ used the methods in common 
practice It is theiefoio assumed that thu used Ha\un s solution Since the 
clumping that has been found to be an undeihing ttndcnc\ in the use of this 
1 uent ma} often be so slight as to escape attention it is icasonable to suppose 
t at the values which these authois obtained au ,.ieater than would be the 
c^e had thej used one of the modifications of Havim s solution discussed m 
e present studies This assumption is stiengtliened b\ the counts made in 
1 cse studies It will be seen fiom the tabic that wlien Havem s solution alone 
^as used, the standard deviations wcie at times as e.ieat us those found bj 
erkiion and eoworkei’S namelj 37 5 counted civthrocvtes (375 000 total red 
ood cells) 111 the counts witli Hajem s solution containing, ^elitiii or with 
orgeiLseu s solution uiulei controlled conditions the \ lines aie decidedly lowci 


CONCLUSIONS 

Hajem s solution cairies an mhciciit capacity foi the balling oi clumping 
0 cells when used foi led blood counts The tendentj toward clumping is 
•Jiagnified bj gentle lotatiou but undeilies all manners of mixing It affects the 
cpendabilitj and accuracy of counts made with Hajems solution 

The capaeitj foi clumping inlieicnt m Hajem’s solution is due to tlie com 
Poiient of hiehlonde It can be eliminated b^ dcciease of the piopoition of 
iichlonde to that of Joigeiisen’s solution, together v\ith contiol of tlie pH 
0 the diluent between 5 0 and 7 0 or b> addition of gelatin to Ilijcm s solu 
”on vMthout concern foi pH below 7 0 

Comits made v\ith these modifications of Havems solution aie subject to 
de\iatioii than aie counts made with Havem's solution alone undei the 
conditions 


II 383 Vanderbilt Hospital Na8h\111e Tenn I ant \erj ffratoful to 
htilie Henr> Warden Department of Vledlclnc Vanderbilt iledlcal School 

clinical data concerning tills patient and for nllouJng me to malcc 
Hospital fnt* 4 i I al o ver> grateful to the Department of Social Seialco of the Vanderbilt 
ulo interest which thej exercised In helping nio to contact this patient 
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Use ot Hayem’s solution eontaming gelatin allows gieatei flexibilitj oi 
expeiimental conditions ivithout loss of piotective powez than does use ot 
Jorgensen’s solution Addition of gelatin to Hayem’s solution is, tlieiefoi'C, 
the modification piefeiied 
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\ SPECTROPHOTOiAIETRIG METHOD TOR DETERjMINATION 
OF URIN\RY BILIRUBIN 

George E Thom i, M D , v^d Doris j\I Kitzberqer B S 
St Louis Mo 


A REVIEW of the literature on bile pigment metabolism and tests of iiepatic 
function ie\Gals that manj quantitatue tests foi iumai\ bilirubin ha\e 
hetii pioposed Probably the most satisfacton to ditc is that dc\ised by Good 
•ioii and Sheaid^ m 1940 employing diazobeiueiRsulionie acid In 1941 Scott 
emplojed the diazo reagent of Elirlieh and the unit s\stem of van den Beigh in 
the quantitatue determination of uiinai> bihrubm His method is the most 
accurate, being scnsitue to 0 02 nig of bilirubin pei 100 ml oi uime It is, 
hotte\ei a proceditie too difficult and time consuming to be employed as a 
routme clinical laboratory test Gellis and Stokts^ emplo\cd a modification of 
the methjlene blue test of Fianke* in then studies ot infectious hepatitis ni 
1945 This Mas at best only a roughlv quantitative test Stokes and co workers' 
lu 1946 attempted to adapt the methjlene blue test to the spectiophotometei 
hut Mith little success, principally because tlie coloi produced in the methylene 
blue test is not the color of a true solution but a combination of colors The 
taumstnp modification of Harrison s spot test uas de\ eloped bv Watson and 
Hawkmson® m 1946 as a seimquantitative test 

It becomes inimediatelj evident that a simple \et leasonably accurate, 
quantitative test of biliiubmiuia is needed The value of such a test in tlic 
uiagnosis and prognosis of hepatic and preliepatic iiypeibiliiubinemia and in the 
lagnosis of hepatitis m the preicteiic stage is obvious In oidei to meet this 
ueed the following method is elaborated It is based on the oxidation of biLiiubin 
to a green derivative and the estimation of the lattci spectrophotometncally at 
u uave length of 670 millimicrons 

METHOD 

la this procedure a modified Fouchet s reagent is utilised as an oxidizing agent Tina 
•3 prepared with 0 25 Gm of trichloracetic acid and 2 ml of a 10 per cent ferric chloride 
i^Don diluted to 200 ml i\ith distilled water \ Coleman Junior spcctropliotoratter is used 
''dh lo mm cuvettes and adapter A standard bilirubin solution is prepared hy di'(«oUing 10 
Us of pure bihrubm m 100 ml of chloroform To 20 ml of this standard solutiou are added 


SO wL of 9o 


, - per cent cthjl alcohol resultmg in a 2 mg per cent solution of bihrubm 1 urther 

0 Jons of tho latter solution are made as desired with 9 j per cent ethyl alcohol Into a 


^0 mm cuvette are placed 4 ml of the chloroform olcoliol solution of bihrubm of known 
^nientration 4 ml of 95 per cent etlyl alcohol and 2 nil of the modified Fouchet s rt igent 
^ ercnco tube 13 prepared by adding to 4 ml of 20 per cent chloroform alcoliol solution 
of 05 per cent ethjl alcohol and - ml of 3 l2o per cent tricldoracetic acid Ten 
allowed to elapse after tlie addition of tho modified Fouchet 's reagent to permit 
C 0 ‘^^'clopment of the green color The spectrophotometer is et at a wave length of 
■ — at 100 per cent transmi'^sion with the reference tube A reading then is taken 

Section Department of Internal Medicine SL Louis Uni\ersit> 
Rocehed for publication June 1948 
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w itk the bihrubm solution md plotted on seimlogantlimic graph paper using per cent trans 
mission as the abscissa and concentration of bilirubin in milligrams per 100 ml as the 
ordinate The point is then connected bj a straight line to the point — concentration equals 0, 
transmission equals 100 per eent The Lambert Beer Law, c = -K log T, wall be e\pre 'ii 
by the curve represented by this straight line (Fig 1) From tins curve the concentration of 
anv similarily oxidized bilirubin solution can be determined if the percentage of transmission 
IS knowm 



Fis 1 

The wave length of G70 iii/u was chosen after tlie preparation of a the 

curve using a 2 mg per cent alcohol chloroform solution of bdiru m 

reagent as described The reference was prepared with 8 ml of 20 per ceu c luade 

solution plus 2 ml of modified Fouchet’s reagent This cune was plott evident that 

at 25 mu intervals from 400 through 700 milbmicrons From this curve i 5 ma 

the ideal wave length was from 050 to 700 millimicrons After rea mgs liable 

intervals from 050 to 700 lUft, it was found that a wave length of 67 f 

PROCEDURE FOR DETFRXIINTNG URI>7LR\ BIL.IRUBI^^ ^ 

To 4 nil of undiluted uiine m a 15 mni cuvette aie added -i 
cent ethyl alcohol and 2 ml of the modified Pouchet s and 2 ml 

tube IS piepaied with 4 ml of uiaiie plus 4 ml of 95 pei ceu a ^ jn 
of 3125 pel eent tiichloi acetic acid Aftei ten .^^^^^.^jigentratioH e' 

the spectiophotometei at a wave length of 670 ni/i, an le 
bilnubm is deteimined fiom the pieviously piepaied giap 


DISCUSSION ^ teiiuiaadea 

This pioeeduie piovides a simple quantitative ^ ijjg uiine'^®^' 

rmaiy hdiiubiu Attempts at lecoveiy of bihiu ™ a jo the 

- . , rrA i_i_ T rr\Ua nililllDUl _ . _,,TiAn 


of nrmaiy hdiiubiu Attempts at lecoveiy ol Diiuimm jn 

highly successful as can be seen m Table I The biluubm was 


highly successful as can be seen m Laoie x i „,i„.h was dcterinin^ 

urme iii the foim ot letenc seium, tlie coneentiation of ^ich The 
spectiophotonietiieam by the method of MaUov ^ j^jity of 
provided by these deteiminations seive to conhim 
piepaied in the foiegomg 
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Table I 1 abiatiok and Per Cent Becovebi bi Spectrophotometmc Method 
OP Biurobin Added to Urine 


CONCEVTIUTIONr OF 
BILIRCBIV (MG /ill ) 

RECOIEEX or j 

mURUBIN (Mr /Ml ) 1 

VIBIATIOV 
(WO /Ml ) 

RECOVER! 

(%) 

130 

1 25 

0 05 

96 

105 

150 

0 15 

01 


0 90 

0 03 

97 

105 

150 

010 

90 



-0 03 

90 

0 00 

0 85 

OOj 

94 


115 

-0 Oo 

90 


OoO 


100 


0 00 




0 65 

-010 

93 

085 

0 75 


88 

2 45 

2 35 

-0 19 

90 

2 85 

2C.> 

0 Id 

93 


2 85 

-0 10 

9>j 


3 40 

0 15 

97 


3 00 

0 05 

90 


4 9u 


99 

5 55 

5 45 


98 



015 


G50 

6 35 

0 02 


170 

1 08 

0 0- 


016 

014 

0 02 


0 77 

0 75 

0 02 


0 39 

0 37 

0 00 



0 94 

0 09 

94 

150 

141 

0 05 


Meaa 


0 07 

95 


The original Pouehet’s i-eagent iviU jneld a giTen coloi it Uied in tins pro 
cedure Tins, iiowe\ei, has a pH of 1 and it Has found tlidt a 25 pei cent 
ttieliloracetic acid, solution (pH 1) if used as a icferenct also would > leld a green 
color When tlie pH of the reagent and refeience solution was brought up 
to “i, no oxidation of tlie hilirubm to a green delnatl^e took place in the 
refei-enee tube The oxidation at this pH apparent^ is dependent on the 
ferne chloride 

By using an equal volume of unne in the i-eference tube any extraneous 
color resulting from other chromogens is compensated foi The alcohol in no 
enhances oi interferes with the pioduction of the green coloi It has been 
introduced to free onj biliimbin globm that might be piesent m a proteinuria 
The normal uimarj biliiubin conceutration has not been studied adequately , 
the preliminary studies on random samples of uiine of nornnl patients done 
in this laboratoiy agiee with those of Naumann“ who found it to be less than 
0 5 mg per cent 

To date, salicylates are the onl> substances found to inteifeie nith this test 
B present m sufficient coiicentiation they will produce a pink color when the 
fcigent 18 added 

SUAIMARX 

A simple and accuiate spectiophotoinetnc method foi tlie quintitatne 
‘letermmation of uiiniry bilirubin has been piesented This test is dependent 
the production of a green coloi resulting from the oxidation of biluubin 
an acid feme chloride reagent The choice of optimal ^^a^c length and 
preparation of a standard bilirubin solution are discussed 
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A &CHOLANDER MICROMETER BURtTlL Oh 
SEMPLE CONSTRUCTION 

SvMUEL Ra\mond, Ph D , WD Harold C C Zeilutlin, 31 D 
New York, N Y 

T he Scholandtr miciometei buiette has been of %alue foi the piccise 
Dieasurement of the delueij of small \oliinios of liquid The oiiginal 
(Icsipid * specified a micrometei the an\il of which had to be annealed 



and threaded The use of a inieioniotci head ind a ininoi icaii in^-e 
’'lent m design eliminates all machine woik and leduces glass blowing to a 
"iimimini Tlie result is a simple apparatus easilj constructed b> anjone 
a knowledge of glass blowing at a fi action of the usual cost 

fhy,ic& Department of B ictcrlologj and the Department of Dermatology College of 
Surgeon Columbia Unl\erslt> 

'led bj a grant from tho National Institute of Health 
wccehed for publication April 30 1948 
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The miciometei head used is a Blown &/ Shaipe No 294 RS The glasb 
pait IS made of 1 mm Pyie\ capiUaiy tubing and standaid 11 mm P)iex 
tubing The lattei has a noimal internal diametei of 9 mm with a variation 
of 0 5 miUimetei In oidei to obtain a close fit between the 11 mm tubing 
and the mieiometei head, the internal diametei of the tubmg should be 
smallei than the shouldei to be inseited This diametei is then enlarged to tbe 
piopei size by grinding it internally with emery paper wiapped around a 
wooden dowel rod until a close fit is obtained Small variations in diameter 
can be taken caie of by the cementing process 

In Older to obtam a satisfactory cemented seal, both parts should be 
heated to about 145° C , preferably in a thermostatic oven The mside of the 
lower end of the mercury chamber is coated with de Khotinsky cement, vbic 
wall melt at the temperature given The shoulder of the miciometei head then 
IS fully inserted into the mercury chamber If this is done piopeilj, a 
continuous ring of cement wall form at the end of the miciometei, eftectnei 
sealing off from the mercury chamber any an spaces which maj liaie foime 

betw'een the metal and the glass , 

The seal must be carefully inspected after the apparatus as cooe 
Should the ring of cement not be continuous, the defect can be ' 

introducing a small piece of the cement into the mercury cham er ro d 
the micrometer head at the proper place and then reheating the 

The other details of construction will be apparent from the drawing 

need no further description j i, q inhnder 

We have found that heavy grease in the spindle, as suggeste j c ' , 

occasionally traps an bulihles which are forced into the meicun ® 
by the movement of the spindle We use a small amount) of igit ma 
to luhiieate the micrometer threads The hydrostatic head o jj 

the ehambei effectively prevents an from entering along the burette 

essential to maintain this head at 5 cm oi more The glass tip o 
should be short enough to avoid a siphoning effect 

The burette described delivers volumes as accurately as t e oiin 
of Scholandei 
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A MODIFIED TECHNIQUE FOR THE EXAMINATION OP 
BODY FLUIDS 

Otto P Kraushvar MD and James T Bbadbura, Sc D 
Iowa Cit\ Iowa 

I N SOME lustauees a diagnosis of malignant tumor can be made bj examin 
mg the cellular content of centrifuged sediment from bod^ fluids but the 
technical difficulty of obtaining a ma\jmal amount ot sediment has limited the 
usefulness of these studies Schenken and McCoid^ suggested the use of collo 
ihou bags suspended m glass centiifuge tubes Maicuse and Coulter* leported 



InfiFf centrifuge tubes used to aid In tlie stud> of body fluids A and B show 

colladinn sizes c illustrates the metal tip reiioNed and tne appearance of tlte 

bag within the tube 


6 use of a metal centiifuge tube made up of tliiee sepaiate paits which simpli 
^^the reiuoyal of the sediment The technique described requiies tueiity foui 
u thirty sis hours for completion of the esaminatiou It was decided to com 
^ue the advantages of these two deMces in an effort to make the studj of body 
Ulil^more simple and rapid 


the Department of Obstetrics and Gynecology State UnUerslty of Iowa 
i^elved for publication May 17 IWS 
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The bottoms Aveie lemoved liom two sets of standaid size metal ceututuge 
tubes and thieaded to lecenm detachable tips Bach tube of the smaller set 
holds 15 c c and each of the laigei set accommodates 50 c c (see Pig 1) 

In piepaiation foi use, the tip is fiist detached and a thm film of stopcock 
giease applied to the innei suiface of the tip and to the loivei two mcliesot 
the innei suiface of the ban el The tip is screwed tightly to the bairel and 2 
01 3 c c of model atelj'- thick collodion is pouied into the tube With the tube 
held hoiizontally and slowly lotated, the entne inuei suiface is evenly coated 
with collodion The excess is diaiiied fiom the tube and the collodion is pai 
tiallv diied to foim a stable film It is advisable to deteimme by e\peiiencc 
the necessaiy thickness of the collodion membiane 

The specimen is pouied into the tubes and ceutiifiiged at 1,500 leiolutions 
pel minute foi fifteen to twenty minutes The detachable metal tip is then 
sloAvly unsciewed, leaving the intact collodion sac containing the sediment sus 
pended fiom the ban el of the tube A small incision just above the level of 
the sediment will allow the siipei uatant fluid to di am with a muiimum of tuibu 
leuce The collodion tip is then cut off and diopped into Bourn’s solution or 
loimalin Aftei fixation foi at least one houi, the block of sediment can e 
dehvdiated, embedded in paiaffiu, and sectioned Idve tissue 

If desiied, the sediment can be smeaied on clean glass slides, fixed luifflo 
diately in a 1 1 mixtuie of 95 pei cent alcohol and ethei, and stained i ^ 
Papanicolaou technique In these cases the collodion tip is lemoved, nivoi e 
on a fliigei, and the lunei suiface nibbed on a slide Even when no se miei 
IS visible, a fan coneeiiti ation of the cells often can be seen on the smeai ^ 
This technique has been especially fiuitful in the study of 
lesions, since lenal tuniois have been detected by exammation of sma a 
washings of cells fiom the kidney pelvis It also has been used to 
the cells in pleiiial and ascitic fluids, secietions aspnated fioni tie 
tiee, and gastnc washings 


1 

9 
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*If the volume of body fluid is too great to be accommodated jec 

be centrifuged m laige glass containers and most of the supei^ , 
liquid containing the sediment then can be transferred to tne apcc 



STUDIES ON THE DESTRUCTION OF RED BLOOD CELLS 

VI The Spleen vs v Source of v Substvnce Cvusing ^.gglutin a.tion of the 
Red Blood Cells op Certain Patifnts With Acquired Hemolytic Jaun 
DICE B\ AN Antihuaian Serum Rabbit Sfrum (Coombs Serum) 

Philip P W vglev, M D , Shu Chu Shcn, M D P rank H Gardner, j\I D , 
VND WlLLUM B CaSTLF AI D 
Boston AIass 


introduction 

I^OORHAN, Dodd, and Loutit' have demonstiated that the immune serum 
prepared bj Coombs, Alourant, and Race^ by the injection of human seium 
(not red cells) into rabbits maj be used to distinguisli certain t> pes of acquired 
hemolytic jaundice fiom congenital hemolytic jaundice They obseived that tlie 
washed red blood cells from five patients with acquired hemolytic jaundice were 
agglutinated by this seium On the othei hand the uaslicd led blood cells fioni 
seventeen patients with congenital hemolytic jaundice were not agglutinated 
he test was oiigmally developed by Coombs and associates^ for the detection of 
e mcomplete Rh agglutinin on the supposition tliat such sensitized red blood 
cels might carry adsorbed antibody globulins The red blood cells aie ag 
g utmated presumably as a physical manifestation of the union of the globulin 
or other substance on the suiface of the led cells vnth tlie antibody in the test 
serum 


Aequned hemolytic jaundice has been reported as an independent acute oi 
ronic entity^ ® or in association with malaria tuberculosis ciribosis of the 
Hodgkin's disease, leucemia carcinomatosis and cysts and tumors of tlie 
ovary® ^ Splenomegaly is often piesent in such conditions, and splenectomy iii 
^nie mstanees, although not necessaiily altering the cause of the disease, may 
eneficial by decreasmg led blood cell destiuction In some cases the aggluti 
uation titer of the patient's red blood cells m antiliuman serum rabbit seium de 
mes after splenectomy ® Such obsen ations also encountered in our owm e\peii 
®uce, have raised the question of whether the spleen which contains both lymplio 
eg and retieulo endothelial cells as potential sources of antibodies might be a 
fee of the substance presumably adhering to the red blood cells of these pa 
th ^ principal objective of the experiments reported here was to examine 
e Spleens removed fiom patients with acquired hemolytic jaundice and various 
red^l for the piesence of substances possessing an affinity for normal 


Thorndike Memorial I^boratoo and Uie Second and Fourth ^ledical Services 
ij,. . ^ Boston City Hospital and the Department of Medicine Harvard Medical &hool 
aided In part by a grant from the John and Mary R, Markl 
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METHODS 


All spleens were obtained at operation and unless immediately employed in the espen 
mental procedure n ere frozen at -4° C and preserved at that temperature Spleens from 
three patients with acquired liemolj tic jaundice and from ti\ o patients with thrombocvto 
penic purpura were studied immediately after splenectomy Spleens from one patient mth 
acquired hemolytic jaundice, three with congenital hemolytic jaundice, two iiith thrombo 
cytopenic purpura, three with congestive splenomegaly (Banti’s syndrome), and two with 
Gaucher’s disease were studied after being frozen for from one to two years 

A portion of each spleen w as finely ground wath a domestic meat chopper The groanii 
pulp obtained from the spleens that were studied immediately after splenectomy was then 
stirred vigorously with approximately twice its volume of distilled water The distilled 
water was then allow ed to drain briefly^ from the pulp through gauze This procedure was 
repeated three times, at which point the pulp usually contained no microscopically visible 
intact red blood cells Then the splpnic pulp was resuspended in normal saline solution 
which was finally lemoved by draining through gauze The pulp was then weighed In 
the case of the frozen spleens the effect of the previous freezing and thawing served to 
destroy the red blood cells present and so rendered treatment with distilled water unneces 
sary' The absence of red blood cells from the pulp of these spleens was confirmed in eac 
instance by inspiection of a small sample under the microscope 

A sample of pulp from each spleen was then incubated for from one to two hour 
at 37° C with 3 cc of a 40 per cent suspension of either normal Group 0 Ehnegaive 
red blood cells or of red blood cells of the patient’s blood group The red blood ce a 
previously been carefully washed three times with phy siologic salt solution The 
of splenic pulp employ ed in each incubation was judged by the amount that was s ^ 
to cause significant hemolysis of the washed red blood cells during a preliminary p 
of incubation of one hour at 37° C With the fresh spleens, 12 Gm of pulp w'ore enip 
With the previously^ frozen and thawed spleens, from 1 5 to 12 Gm of pu p wem 
After the incubation period, two or three times the volume of phy siologio sa t so u i 
added to the mixture which was then stirred and filtered through gauze 
in order to separate the red blood cells from the splenic pulp The red bloo oe s^^ 
were then carefully washed three times with normal physiologic salt jells 

made up into a 5 per cent suspension in that medium A control sample o re 
w as treated in a similar fashion except that it was not added to splenic pulp for 

The test for the presence of adsorbed substance was carried out 02 oc 

one hour at 37° C 02 cc of the 5 per cent suspension of red blood ce 
amounts of serial dilutions in physiologic salt solution of an antihuman 
serum The rabbit serum was prepared according to the method of Hifi® 

Race 2 Its strength was determined by a modification of the method of a 
against a suspension in physiologic salt solution of Kh positive red oo 
previously been sensitized with an Bh blocking antibody wath a titer o auli 

serum caused microscopic agglutination of the washed cells sensitized wi i 
body in a dilution of 1 128 * wvs 

At the conclusion of the mcubation period each red blood cell suspen 
microscopically for evidence of agglutmation The control sample o only "itl' 

handled in the same fashion except that its agglutinability was d ^ jjp 

undiluted test serum In addition, tests w ere made of the agglutinating p 
human serum rabbit serum against washed red blood cells derived from gu ti®« 

and from the splenic pulp of the four patients with acquired hemolytic ja 
of splenectomy 


RESULTS 


jllCUb2 


Inspection of the data shown m Table I indicates that su se jaun 

tion with the splenic pulp fiom the foui patients with acquiie Ijelongm' 
dice, normal tvashed led blood cells, eithei Group 0 Eh nega i 


•It Is essential that the serum employed In testing the effects of 




pulp has a relatively high titer 
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to the same blood group as that of the patient, ^\ele agglutinated by the anti 
human serum rabbit serum Though definite when observed undei the micro 
scope, m no instance was the agglutination piesent ^\hen the serum used was 
diluted On the other hand, normal red blood cells after similax incubation 
with the splenic pulp from patients xvitli congenital hemolytic jaundice were 


Table L The AcoruTiNVTiNo Efiects op Vntiiiumw Serum Rabbit Seruji (Coombs 
Sebum) Upov Washed Normal Red Blood Cells Subseqlevt to Inci b\tiov ‘With the 
Pulp op Spleevs Derived vt Oper.\tio\ From Pitifnts ^\ITJI \ uiious Disil\&es 




METHOD OP 

AGQLU 



PPEPVRATIOV Ot 

TINA 

CASE 

DISE \SE 

SPLLMC PULP 

TION 


1 Acquired hemolytic jaundice (lymphatic leuccmia) 


Acquired hcmolj^ic jaundice (Boeck 3 sarcoid) 
Acquired hemolytic jaundice (cause unknown) 
Acquired hemolytic jaundice (cause unknown) 
Congenital hemolytic jaundice 
Congenital hemolytic jaundice 
Congenital hemolytic jaundico 
Thrombocytopenic purpura 
Tlurombocytopenic purpura 
Thrombocytopenic purpura 
Thrombocytopenic purpura 
Congestive splenomegalj (Banti 3 syndrome) 
Congestive splenomegaly (Banti syndrome) 
Congestive splenomcgah (Banti a syndrome) 
Gaucher’s disease 
Gaochor’s disease 


Frozen and thawed 
Distilled water 
Distilled water 
Distilled water 
Frozen and thawed 
irozen and thawed 
Frozen and thawed 
Frozen and tliawed 
hrozen and thawed 
!• rozen and thawed 
Distilled water 
Distilled water 
Frozen and thawed 
P rozen and thawed 
hrozen and thawed 
Frozen and thawed 
Frozen and thawed 


Hot agglutinated Nor was agglutination observed when washed red blood cells 
alone or subsequent to incubation with the spienio pulp fiom patients ivitli 
thrombocytopenic purpura, congestive splenomegaly (Banti 's syndrome) or 
Gaucher’s disease were exposed to the aiitihuman seium rabbit serum 

Inspection of the data in Table II shows that tlie washed red blood cells 
Irom the splenic pulp of three patients with acquired hemolytic jaundice were 
®ore strongly agglutinated by the antihuman serum rabbit serum than were 


COUPAKATTVE AGQLUTIVATION TitEBS OF AXTIIIUMAN SebUII BabCIT SERUJT 

(Coombs Sebum) Aqmnst Wasued Bed Blood Cells From the Peripheral Blood 
AM) From the Splenio Pulp op Patients With •VcqmRED Hemolytic 
Jaundice, Also Shown Are Titers Against Washed Normal Red 
Blood Cells Subsequent to Incubation With the Splenic Pulp 
OF These Patients 


case! 

, Patient $ 
^ cclla 
Normal 
cells 


Patient s 
1 cells 
Isormal 
cells 



_ cells 

From peripheral blood 
From splenic pulp 
After incubation with 
splemc pulp 


reciprocals of serum dilutions 
0 I 2 I 4 I 8 I 16 I 32 I 64 I 128 [ 256 [ 512 |3 024 
2+ 14- 1+ 0 0 0 0 0 0 0 0 

4+ 3+ 2+ 2+ 2+ 1+ 1+ 1+ 1+ 1+ 0 

1 + 00 0000 000 0 


From peripheral blood 
From splenic pulp 
After incubation watli 
splenic pulp 


2 + 1 + 1 + 0 0 0 0 

3+ 3+ 3+ 2+ 2+ 1+ 0 

1 + 0 0 0 0 0 0 


0 0 0 0 
0 0 0 0 

0 0 0 0 


From peripheral blood 2+ 

From splenic pulp -1+ 

V.fter incubation with 
splenic pulp 1+ 
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those deiived liom the peiipheral blood of the same patients Not shoiin iii 
the tables is the fact that the led blood cells fiom the splenic pulp and penpheral 
blood of two additional patients mth congenital hemolytic jaundice failed to 
agglutinate with the test serum It was noted that the red blood cells from the 
splenic pulp of the patients with acquiied hemolytic jaundice, when suspended 
in homologous noimaL seium, showed maiked spontaneous agglutination but not 
when placed in physiologic salt solution On the othei hand, the led blood eelh 
fiom the splenic pulp of two of the patients ivith thiombocytopenic purpuu 
showed only iouleau\ foiniation when suspended in homologous seium When 
25 pei cent human albumin was used instead of the antihuman serum rabbit 
senim in perfoiming any of the positive agglutination tests already described, 
it was invaiiably found to be less sensitive oi to be mcapable of causing aiij 
agglutination 


DISCUSSION 


The lesults of the piesent e\peiiments indicate that the spleen is a source 
of a substance which causes the washed led blood cells of certain patients mtb 
acquired hemolytic jaundice to be agglutinated by an immune serum deieloped 
in labbits against human seium (Coombs’ seium) Presumably this agglutina 
tion IS due eithei to the adsoiption of a substance on the surface of the red 
blood cell 01 to a modification of its suiface stiuctuie by contact with an aetue 
substance m the splenic pulp On the basis of curient assumptions, tbeag 
glutinatiou test may be m fact a test f oi the pi esence of adsorbed serum glob 
ulins Indeed, the test oiiginally was developed foi the detection of blocking 
antibody on sensitized led blood cells Even so, this does not necessarily allow 
the conclusion that the agglutmability of the led blood cells in acquned be 
molytic jaundice is the lesult of an immunologic process in the strict sense, 
that IS, that the patient’s led blood cells, acting as an antigen, have m sfflue 
way caused the development in his own senim of specific* antibody with avi ' 
for the led blood cells Although this is entirely possible, the seemingh son 
specific agglutination of red blood cells, foi example by antiserum 
m rabbits against Type 14 pneumococcus^® oi by certain niuses^^ with 'v 
the animal has had no previous contact, is today too well knoivn to a ow^^^ 
restiicted an interpretation Indeed, perhaps the association with a 
of infections and neoplastic conditions favors the interpretation of a nonsV 


adsorption of a substance by the led blood cells , . 

The antiseium was developed by the injection of human serum into ra 
The property of agglutmability of the noimal led blood cells, 
piobably conferred by the splenic cells rathei than by the pi esence 
in the splenic pulp In the first place, the patient’s serum was 
from the splenic pulp by tire numerous washings employed m the prep , , 


that 


made fiom the fresh spleens Second, Shen and associates’® have ® 


iiia-ue xiuui Liic xiesu ‘spieens oecona, oiieu auu 
even forty-eight hour incubation with the senmi from one of these p 

— — — — to 
»In this paper the terms specific and nonspecific are used °7lhndi°lorniea j" 
tion of an antibodj and not to the formation of antibodj Thus an ’ 

to antigen A n ill react specifically ith antigen A but may also 


substance B 



STUDIES ON DESTRUCTION OF RED BLOOD CELLS 


1201 


not cause uonnal led blood cells to become agglutmable bj the antiliumau seium 
rabbit senim Tlui-d, the demonstiatiou b\ Douglieifv Cliase and AVbite^^ 
that rabbit lymphocjtes contain a globulin identical \\itii normal seium gamma 
globulin mahes it reasonable to suppose that a siinilai lelationship obtains 
between celL lu the human splenic pulp and the liuman serum used as an 
antigen m the preparation of the test rabbit sei*um 


Other eMdenee that the spleen is a potent souice of the substance causing 
agglutmabilitj of tlie led blood cells is the fact already cited that spIeneetom\ 
m some patients wtii aequiied hemolytic jaundice causes a decrease m tlie 
agglutinabihty of the circulating led blood cells This was the case in two of 
these patients Moreover, it was shown heie that the washed led blood cells 
of the patients with acquired hemoljtic jaundice when lemoved from the 
spleme pulp were always mote strongH agglutinated than were those from the 
geneial circulation On the othei hand the red blood cells of two patients 
With congenital hemolytic jaundice, whether deined from the splenic pulp or 
rom the peiipheral blood weie not agglutinated b> the test seium This nega 
Ine findmg m congenital hemohtic jaundice is particularly significant because 
t ere is ample evidence that m this disease the spheioidal red blood cells aie 
selectnelj letained and sequestered in the splenic pulp “ '' Consequentlj if 
a substance witli affinitj foi the red blood cells was present m this disease 
^ple opportunity must ha\e existed foi its action on the red blood cells in 
0 splenic pulp to become appaient At any rate it is cleai that in these eases 
of acquired hemolytic jaiuidice in winch the patients circulating red blood cells 
and especiallj those in the splenic pulp, exhibited such a pioperh the spleen 
possessed a special capacitj foi causing normal red blood cells also to become 
ligglutmable by the autihuman seium labbit serum In \iew of the short dm a 
lou (two hours) of the ciudc exposure of the normal led blood cells to the 
spemc pulp m vitro compared with the prolonged opportunity for contact by 
0 patients’ led blood cells in vno it is not surpiismg that the agglutination 
0 t e normal red blood cells was not more pronounced 


The led blood cells in the peripheral blood of the majoiitv of the twehe 
patients mth acquired hemolytic jaundice and a positive Coombs test that ha\e 
Q studied by us haye displayed significantly incieased mechanical fiagility 
m some instances incieased osmotic fragility as yvell These findings 
icate that the red blood cells ha^e been damaged and therefore when me 
amcally fragile aie at least uniisuallv susceptible to destiuction b^ the motion 
^ the circulation Tlie observation that the red blood cells fiom the splenic 
P P exhibited marked agglutination in homologous normal serum is piobabh 
e result of the pieseiice of the adsoibcd substance that undei othei circum 
antes caused the positne Coombs test This spontaneous agglutinability of 
•0 I'ed blood cells in the splenic pulp may be suspected as the basis of the 
racteristic histologic picture of congestion and infarction in the spleen that 
as been reported according to Dameshek and Schwaitz* bv sevcial authois 
IS thus possible that the passne adsorption by the red blood cells of i sub 
t^ce produced in the splenic pulp (and probably in other organs) mav result 
increasing local stagnation and injury to the red blood cells The course of 
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the lesultmg acquiied hemolytic anemia may sometimes be favorably altered 
by Intel 1 up ting this vieious cycle by lemoval of the spleen On the other hand, 
in othei patients with a positive Coombs test splenectomy may not altei the 
titei or dimmish the anemia, piesiimablj^ because other oigans share this 
function of the spleen 


SUilAIARY AND CONCLUSIONS 

Incubation of normal led blood cells of compatible blood gioup with the 
splenic pulp of foui patients with acquiied hemolytic oaundice caused these 
cells to become agglutmable by an undiluted immune seiiun developed m rahbits 
against human seium (Coombs’ serum) When similar expeiiments were con 
ducted using spleens from three patients ivith congenital hemolytic jaundice, 
three with thiombocytotopenie pnipura, thiee with congestive splenomegaly 
(Banti’s syndrome), and two with Gauchei’s disease, the lesults weie negative 
Washed led blood cells lemoved fioni the splemc pulp of three of the 
patients with acquiied hemolytic jaundice weie moie stiongly agglutinated b) 
the Coombs seiiun than weie those deiived fioni the peiipheial blood Similar 
e\periments made with washed led blood cells derived from the splenic pulp 
01 peripheial blood of two patients with congenital hemoljdic jaundice lesultc 
in no agglutination 

Red blood cells lemoved fiom the splenic pulp of three patients vnt 
aeciiiiied hemolytic jaundice exhibited marked spontaneous agglutination m 
homologous normal serum but not in physiologic salt solution Similar expen 
ments with red blood cells removed from the splenic pulp of two patients in 
thiomboej topenie puipuia yielded negative results 

It is concluded that the spleen in certain patients with acquired hemoy^^ 
jaundice is a source of a substance responsible for the agglutination 
patient’s red blood ceUs by antihuman serum rabbit serum That t e agg 
tion IS probably the result of a reaction between a substance on t e re 
cells and an antibody in the rabbit serum developed against 
neither proves noi disproves that the substance on the red b oo 


elaborated by an immunologic reaction 


red 

con 


It IS concluded that the spontaneous agglutmation of the 
blood cells, especially when derived from the spleen, and the c {],ese 

gestion and infarction of that organ observed by others suggcs 
instances of acquired hemolytic jaundice spontaneous agglutma lon^ 
blood cells is a factor either causing or lesulting from jn tho^e 

in the spleen The resulting mjuiy to the red blood cells is mcieascd 

that escape from then temporary sequestration m the spleen 
osmotic and mechanical fragilities of the circulatmg red 0 ° piechanicsh' 
majority' of these patients If not destroyed in the spleen, ^ traunw 

fragile, such red blood cells may well be abnormally suscepti e 
of the motion of the circulation pr 

We are greatly indebted to Dr Louis E Diamond and to patients at opsta' 
an opportunity to carry out observations on spleens removed irom 
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DEMONSTRATION OF HETEROPHILB ANTIBODIES IN THE 
CEREBROSPINAL FLUID FROM PATIENTS WITH 
-INFECTIOUS MONONUCLEOSIS 

JOSFPH K SiLBERSTEIN, M A , THEODORE 0 BeRNSTEIN, M D , 
jUSfD Thelma Stern, B A 
New York, N Y 

P AUL and BunnelP m 1932 demonstrated a consistent and marked increase 
of heteiophile antibodies m the serum of patients with 
cleosis Subsequently it was shoim^’ ^ ^ that by absorption methods thje hjp 
hemagglutinins could be differentiated from those present in le se a 
individuals and in serum diseases In 1931 Epstein and 
a patient with meningo-eneephalitis in the course of m ec lous 
Since then there have been many reports of nervous system mvo 

" unsuccessful attempts have been made to demonstra te 
antibodies in the ceiebiospinal fluid of patients with in ec lOus ni 
It has been emphasized- - that theie aie .datively small " JV 

111 the cerebrospinal fluid as compared with those m ^ , v j.gg ^ the 
purpose of this investigation was to demonstrate heterop ^ ® large 

ceiebiospinal fluid of patients with infections mononuc eosis j,jjt]gen 
volumes of spinal fluid and dilute sheep eiythiocyte suspensio 

materIzVLS and methods ^ ^ 

A 1 per cent washed sheep erythrocyte suspension was prepared and ^ 
was added to 1 ml and 0 5 ml of fresh spinal flnid in ^/Mnutes at 2,500 reio^ 
Saline controls were prepared The tubes were centri uge , i resuspeadwK 

tions per minute and macroscopic agglutination was enion ,jepending apon 

cells bj shaking Eesults were recorded from negative to 4 P - 

degree of agglutination „annted to studj the « 

A modification of Davidsohn’sis absorption method w P^^ niilhhter 

ophilic nature of the agglutinins found in , Jf 0 e ml of guinea P’S “ 

fluid rvas placed in Kahn sized test tubes To one rvas a After incubation 

antigen and to the other 0 5 ml of boiled beef eryt 1'°®^ ® minute for "''^Ped 
minutes at 37° C these rvere centrifuged at 2,500 revo u jjjg manner de» 

One milliliter of the supernatant fluid of each was en 
previously 

experiment VL RESULTS niofloiiuclco^k 

The blood and spinal fluid of six pallets with 

Avere examined foi heteiophile antibodies (Ta ® g blood hetdoi 

done the same dav oi the day follmving the ana 

From the Veterans Administration Hospitai Bronx N nartmcnt of 

Neurological Serxice r-hipf Medical Director Depart ^pmjons yip 

Published xx ith the permission of the ^lef ^ Ug^onsibility for t 
Surceiw Veterans Administration xxho assumes no resp 
conclusions drawn by the authors 

Keceived for publication June 28 ISlo 
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Table I A Comparison or tbe Blood ald Ceredrosp.nal Fh id IIeteeophill 
Antibod\ Titers 


BLOOD 

CEREBROSPINAL ILUID 



nETEROPIIlLE 
antibody titer 
(davidsohn METIIODI I 

IIETEROPHILE 

ANTIBODY TITER , 

(CENTRIFUGL JIETHODi 


TOTAI 

PROTEIN 

UNAB 

1 SORBED 

I \DSORBED 1 

UVABSORBED 

1 ABSORBED j 

CELL 

(MO/ 

100 

1 3 584 

1 1 <96 

Neg 

2+ ± 

1+ 

Nog 

COLNT 

4 

2IL ) 

16 

1 113 

1 56 

Nog 

1+ 

Neg 

Qn<^ 

Qng 

15* 

77 

1 448 

1 324 

Neg 

4 + 

3+ 

2+ 

Neg 

201 

13 

1 1 /92 

1 890 

Neg 

3 + 

2+ 

-+ 

Neg 

4 

34 

1 896 

1 448 

Neg 

2'+' 

Qns 

1+ 

Neg 

4 

43 

1 3 584 

1 1 790 

Neg 

4+ 

2+ 

a+ 

Neg 

3 

15 

Neg 



+ 

Nog 

Neg 

Neg 

lOS 

03G 

1 56 

Neg 

1 28 

2+ 

Neg 

Neg 

2+ 

00 

110 


TIENT I DUaNOSlS 

A Infectious 


mononu 


mononu 

cleosis 

Infectious 

mononu 

cleosis 

Infectious 

mononu 

cleosis 

lufectioua 

mononu 

cleosis 

Infectious 

mononu 

cleosis 

Tuberculous 

meningitis 

Subarach 

noid 

beraorrhacc 


aeraorrnagc 

-L-^m03l3 1 HR 1 Neg 3 a 2h 

tLmphai!',” L".'" 9< P€r cent 

ILmphocjlca 100 per cent 

Bbp antiren 

D„, boll6d beet erythrocytes 
huanttti not enfflclenr 


Neg 


Da'ud'^h 1 112 through 1 3 584 with 

V n ^*il 1 ** specificity nas \erified by his absorption procedure 

tcstin^^ ^ scries using similar dilutions of serum and the method employed in 
titeis^ fluids resulted in approximately an eightfold merease in these 

from 1^ the usual technique of seium titiation Hemagglutinins 

h ? ^ were piesent m the spinal fluids of all these patients and 

spinal fl absorption pattern as those found m the blood The seia and 

tests ^ Ifiase patients ^\ere negatue foi ICahn and Kolmer "Wasseimann 
t>nii)h ° ®P^^al fluid cell counts 'were increased in Patients B and C and 
colloid^l^^Ti grouth uas obtained upon cultiiie Tbe 

^ ^bgi^t ^^actions ^\ere noianal mth tlie exception of Patient B in uliom 

tot'll ^ curve lesulted, and this may have been due to the elevated 

protein 

'•trable 654 loutine spinal fluids \\eie examined and nine had demon 

tioiLs n^ f^cmagglutinins Six of these weie fiom the patients with infee 
^o-<alled described prcMously The icmainm„ three (0 4 per cent) 

Sitis ( positne hemagglutinations included a case of tuberculous menin 

cere rospmal fluid ele\ated protein) one of subarachnoid hemonha{,c 
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(passive tiansfei ot agglutinins), and one of tiichinosis Although the heter 
opliile antibodies in the fiist two weie absoibed with guinea pig kidney extract, 
the hemagglutinins in the thud peisisted aftei this absorption The heterophile 
agglutinins in this patient xvith tiichinosis lemain unexplained, although the 
possibility of concomitant uifectious mononucleosis exists 


DISCUSSION 

A luieai leldtionship does not appeal to exist between the blood and cere 
biospinal fluid heteiophile antibody titeis in infectious mononucleosis during 
the acute phase of illness However in both the ceiebiospinal fluid and blood, 
the sheep cell agglutinins persisted folloxxnng guinea pig kidney antigen absorp 
tion and xxeie ahsoibed with boiled beef eijflhrocytes (Table I) In a pre 
liminai-x senes of experiments the same spinal fluids weie tested with human 
led cells sensitized wuth the xuius of Nexvcastle disease,^^ and a high degree oi 
nonspeciflcity was found Encephalitis associated with infectious mononuceosis 
as suggested by Tidj^^ was noted only in Patient D xvhose cerebiospina ui 
hemagglutinins xveie not significantly liighei than the othei’s 


SUMMARY 

A smiple method is described for the demonstration of 
tinins ui ceiebiospinal fluid Of 654 spinal fluids tested, sis f j,g|jj.Q. 

infectious mononucleosis had heteiophile antibodies in both bloo an 
spinal fluid and one of these shoxved neiwmus sx stem involvement 

* ncc 

The authors wish to express their appreciation to Dr Morris L Eakiet 
and for conducting the experiments with the virus of Newcastle disea- 
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THE USE OF YEAST PHASE ANTIGENS IN A COMPLEMENT 
FIXATION TEST FOR HISTOPLASIiIOSIS 

II Results With Ground Antigens 
Charlotte C Campdell vnd Samuel SiSLiw MD PhD 

W ASHINOTON D C 


With the Assistance or Shirlea A Ianhib, B S 

A COMPLESIENT fi\atioii teat foi the detection of antibodies against His 
toplasma capsulatum employing the >east phase of tlie organism as antigen 
33 been described previousl} fioni tins laboiatoij ^ In the picsenee of jeast 
phase antigens, immune rabbit sera fixed complement in high dilutions, but 
immunologic cross reactions with Blastomyca deymatitidis described bj 
others ^ * forking with mjcelial antigens weie noted also in our studies 

^east phase antigens described m tlie eailiei leport ^\eie completely satis 
aetorj for short peiiods but tended to develop anticomplementarj activitj 
3 ter storage for several weeks at 3 to 6® C Also since m our complement 
ation test the pei cent Iiemolysis was determined bj comparison with centiif 
pgalized standards, it was occasionally difficult m the range nearing com 
P ete hemolysis, to diffeientiate nonhemolyzed sensitized sheep s cells fiom 
e residual sediment of tuibid antigens These minor difficulties instigated 
e search for an antigen which would meet moie adequately the precise end 
points and demands of the test This report describes the use of ground yeast 
phase antigens 


MATEBLVLS AND METHODS 


^ nlipgjji Antigens uere prepared from tho jeast phase of each of three strains of 
^ G6 ) and two strains of B dermaUUdis (A 1 and A5t) The 
CO t ^ ase organisms nere obtained from cultures gronn at 37 C on glucose cyatme agar 
units of penicillin and 40 units of streptomjcin per miibhter of medium 
® fifth day of incubation the growth was washed gently ivith sterile buffered saline 
surface of at least fire slants filtered through sterile gauze and centnfugalizcd 
resuspended m 00 ml of sterile buffered salmo containing Merthiolate 
^able / concentration) and stored at 37 C Organisms thus treated were usually not 
®xposQ seventy two hours but since further incubation did not alter the resultant antigen 
ore to Mertliiolate was continued as a precautionary measure for one week 
boas ^ ^®^tluolate killed suspension was ccntnfugalized for thirty minutes at 3 000 revolu 
fikss ®bnute, the supemate discarded and the sediment transferred to a small TenBroeck 
Sender The organisms were tlien ground by hand for tlurty minute<» One to 
pjj^Il ' of sterile buffered saline were added at five minute intervals during grinding 
heo o^f ^ &^ound antigen mi\ture was centnfugalizcd until tho supernate was completely 
cedore This clear saline supernato constituted the antigen The grinding pro 

:::i:i:!j«ually ,,as repeated several times with each sediment and tho supernates were <HivGd 


of BacterIolog> Armj Medical Department Research and Graduate 
^he PUbllcaUon Julj 9 1945 

strains 7 t? ?En ^ ® strains of H capsulatum were re\erted from the m>cellal phase 

toiverjitj Durha^ rcspccti%el 5 * from tlie collection of Dr N F Conant at Duke 

^ derjjiniltidfs and A 5 (Duke 930) are isolates from human cases re 
" Conant at Duke University 
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in separate containers Supernates showing adequate and comparable titers were pooleJ, 
while those of reduced or unsatisfactory potency were discarded After the addition of 
Alerthiolate 1 10,000 as preservative, the pooled material was titrated and used as tlie stock 
antigen 

Antisera, diluent, sheep red blood cells, hemoljsin, and complement were prepared exjctii 
as described in the previous reporti and the complement filiation test of Kent and Bern® w 
agam employed 

RESULTS 

Expel iment 1 — The optimal dilution of each lot of antigen was deteirainecl 
by titiation The antigenic unit was established as being the greatest conceit 
tiation contained in 0 2 ml beyond which furthei inciease failed to enhance 
the serum reaction It was requiied that this antigen concentration be neither 
anticomplementaiy noi lieniolytie The optimal dilutions of the giouiid antigen 


Table I Determination of the Optimvl Dilution op Ground Antigen Using the G’ 
Strain op H ovpsulatum vnd Serum Prepared in Babbits Against G 2 



YEAST PHVSE INTIGENS IN COMPLEMENT FIWTION TEST 
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Table III J^eactions in the CoiiiLEiiENr Fiavtion Test Emploaiso an Optimal Dilltion 
OP Gbodvd Vntigev Fpom the G 2 Stkmn op II capsulatum and the Seilv or Rabbits 
Inocllated "With tub G 2 G 5, and Q 6 Strains of H capsll.\tum the A 1 and 

ASSTfLMNSOPB UFRMATITIDIS \\D B BRVSlLlENSlS S SCHENCKII C ALBICANS 

AND Normal Control Rabbit Serum 


1 

SERA 1 




mil 



1 o 

1 

1 10 1 

1 20 



IHiRI 






0% 

—ita 

0% 


0% 

15% 

50% 

100% 

100% 

0% 

G 5 

0 

0 

0 

0 

5 

CO 

100 




G6 

0 

0 

0 

5 

oO 

Oo 

100 




\ 1 

0 

0 

20 

40 

05 

vr 

100 




V5 

0 

15 

50 

00 

100 

100 

100 




B brasiliensis 

100 

100 

100 

100 

100 

100 

100 




S schencXii 

05 

100 

100 

100 

100 

100 

100 




C albicans 

100 

100 

100 

100 

100 

too 

100 




Normal 

100 

100 

100 

100 

100 

100 

mo 





0 No hemo)>8l8 (complete Oxation) 100 complrlc 1 molvsls (no fixation) AC almost 
complete hemol>sla, 

. The titer was taken as being the highest dilution ot rum showing 50 per cent or less 
of hemolysis 


and autLScra Foi example, Mhen the G 2 strain oi // (apsiMum ^^as used as 
the antigen source (Table III) the G 2, 6 5 and G 6 labbit antisera ga\e titers 
of 1 320 1 80, and 1 80 lespectnelj With the G 3 antigen (Table IV) the 
2, G 5, and G 6 antisera jielded titcis of 1 320 1 ICO and 1 160 respectuelj 
Sera piepared against Candxda albtcans (E 11*1 %porotnchum schenckxx 
(P20*), and Blastoxnuces hrasxlxensxs (B 3f ) as Mell as normal rabbit sera did 
not fi\ complement in the presence of histoplasnia antigens On the other hand, 


Table IV Reactions in the Comilemlnt Fiavtion Tfst Emilo)ing an Optimal Dilution 
OP THE 0 5 Strain OF H capsutatumas \nticfn \ndtheS\mf Hepa IjSed in Table III 


I^H 



m 











0% 

07o 

0% 

0% 

0% 

25% 

50%» 

100% 

100% 

0% 


0 

0 

0 

0 

0 

15 

70 





0 

0 

0 

0 

10 

50 

100 





0 

0 

20 

40 

95 

100 

100 





0 

0 

0 

10 

80 

100 

100 




h brasiliensis 

100 

100 

100 

100 

100 

100 

100 




^ schencku 

100 

100 

100 

100 

100 

100 

100 




N albicans 

100 

100 

100 

100 

100 

100 

100 




jormal 

100 

100 

100 

100 

100 

100 

100 





footnotes to Table III 


die A 1 and A 5 5 (Zennatitidis antisera fixed complement in dilutions ranging 
betueen 1 20 to 1 40 (Tables III and IV) This cross reaction in loner dilu 
t’ons botneen the histoplasnia antigen and blastomjces antisera was likewise 
noted and discussed in our previous leport * 

^xpenment 3 — In ordei to evaluate further tlie results obtained in Experi 
nitiu 2 wherein both histoplasnia and blastonijces antisera fixed complement 
presence of tJie histoplasnia antigen, ground antigens of the A 5 strain 

Iwlated /rom patient material at Uic Army Medical Center 
IStraln from human material received from Or ConanL 
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TtBLE V Cposs Keactions in the Complement Fixation Test Employing the •VoSte.u.n 

OP B DERMATITIDIS AS ANTIGEN AND SeRzV OP EABBITS InOCULITED WitH THE A 1 A-NB \ 0 

Blastomyces Antigens and the G 2, G 5, and G fa Histoplvsma Antigens 



1 serum dilutions I 

1 COiMPOLS 










COM 










A\TI 

PLE 


SERA 

1 5 

1 10 

1 20 

1 40 

1 80 

1 160 

1 320 

GEN 

MENT 

CEIXh 

A 1 

09i 

b 07i 

, 09i 

i) 30% 100% 100% 100% 

100% 

100% 

0% 

A 5 

0 

0 

0 

10 

80 

AG 

100 




G 2 

0 

0 

0 

0 

50 

95 

100 




G 5 

0 

0 

0 

0 

3 

20 

100 




G 6 

0 

0 

0 

30 

65 

AG 

100 




B brasiliensis 

95 

100 

100 

100 

100 

100 

100 




S sclieneku 

95 

100 

100 

100 ' 

' 100 

100 

100 




C albicans 

AG 

100 

100 

100 

100 

100 

100 




Normal 

100 

100 

100 

100 

100 

100 

100 





See footnotes to Table III 


ot B det matitidu weie employed against the same antiseia In tlie pitseucc 
ol the A-5 antigen both the A-1 and A-5 labbit antiseia fixed complement m 
dilutions of 1 40 (Table V) The G-2, G-5, and 6-6 histoplasma antiseia feed 
complement in dilutions ot 1 80, 1 160, and 1 40 respectively With the excep 
tion of the G-5 antiseia, the titeis of the histoplasma antiseia were lower ml 6 
piesence of the blastomyces antigen than in the piesence of then specific antigeiH 
(see Tables III and IV) The significance of these lesiilts Mill be discussed 
below 

DISCUSSION 

The piepaiation ot giound jeast phase antigens of H 
B deiniahtidxs foi use in the complement fixation test is heiein esc 
Eabbit antiseia piepaied fiom homologous and heteiologous stiaius o 
svdatuin and B dei mahtidis fixed complement in the piesence o ° 
plasma and blastomyces antigens, while seia jnepaied against G o 
sclienckii, and B hi asiheiisis as well as noiinal labbit seia did not ^ 

The eioss leaction pattern noted ivheu the ivliole yeast phase 
H capsulatum and B dei matihdis iveie used^ ivas even more pionou 
the use of giound yeast phase antigens The A-1 and A-5 ]iisto 

having specific titei-s of 1 40 fixed complement m the piesence o oi 
plasma antigens in seium dilutions of 1 20 to 1 40 (With that a 

this Cl OSS had been found only in dilutions of 1 10 oi less ) ^^ggeicn®®*^ 
stiong antigenic relationship exists between these txvo aiatihod'c^ 

appaient -when hiatoplasma antiseia xvas tested foi complemen xi 
in the presence of blastomyces giound antigens Histop ^enm' 

specific titei-s of 1 160 to 1 320 reacted xvith blastomyces an (] 5 

dilutions lauging fiom 1 40 to 1 160 Hoxvevei, the autiseium a^ 
stiain of H capsidatum fixed complement to the same luitiseruin 

ot both the specific and B deimatitidis antigens, while t ® 
a specific titei of 1 320 fixed complement in the piesence o 
only to a dilution of 1 80 Tins suggests that the stmins auJ 

of the two oiganisms may appeal in vai}nng degiees m fixd*'*’" 

emphasizes the nsk involved in evaluating the results o c 
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tests for histoplasmosis -which utilize only the antigen of H capsulatum On 
the other hand, the use of both II capsulatum and B dermatxhdxs antigens 
allows foi a more coinpiehensne and ciitical analysis of the test pioper and 
of the results obtained therein 

The ultimate value of the complement fixation test as a potential diagnostic 
aid m tlio diagnosis of histoplasmosis m patient material is ^ et to be detei mined 
AVhereas tho tests now in use emploj lustoplasmin a filtrate of the mjcelial 
form of H capsulatum, as antigen, it is oui belief at this time that tests aimed 
toward the detection of antibodies against II capsulatum as it appears in 
pathologic processes that is the jeast phase should be investigated moie fulh 
Immunologic cross reactions occur between blastomvces and liistoplasnia labbit 
antisera regardless of the phase employed as antigen but in our expciience the 
use of histoplasmin as antigen has not been as satisfactoiv as veast phase 
antigens because of its high incidence of anticomplcmentaiv activitv and the 
low serum titers obtained ^ 

The use of whole yeast phase oiganisms ns mtigens is lelatively simple 
and has been desciibed eaihei b} us ^ Ground antigens offer two advantages 
(1) 1 clearer, moio readilj loadable test and (2) gieati i stabilitv of the antigen 
A disadvantage (if it may be called such) of the giound antigen is the greater 
degiee of cioss leaction between H capsulatum and B dermaiitxdxs This 
howevei, as mentioned, can usualh bo bcttci evaluated bv the judicious use of 
antigens piepared from both oigamsms 

SUilM VR\ 

The pieparation of giound antigens fiom the veast pliase of II capsulatum 
and 2? dennatiUdis for use m complement fixation is desenbed 

Ground yeast phase antigens aic as specific as antigens made fioin whole 
organisms they give nioie cleai cut end points and do not develop anticom 
plemcntary activity during storage at 3 to 6° C 

The immunologic relationship between II capsulatum and B dcxmahtxdxs 
noted m a previous leport conccining veast phase antigens has been confirmed 
further 

The use of both II capsulatum and B dcnnatxtxdxs antigens in evaluating 
complement fixing antibodj responses to H capsulatum is iccommended 
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ANTIGENIC DIFPEEENOES AMONG INFLUENZA A VIRUSES, 
INCLUDING SEEOLOGIC EESPONSE OP PATIENTS 


Herbert E j\Iorgan, M D JMildrfd AV Barnes, M S , and 
M.vx\vell Finland, M D 
Boston, Mass 

T he failuie of influenza vaus vaccines to piotect immunized individuals dur 
ing the influenza outbieak that oecuired eaily m 1947 and tlie demonstration 
of antigenic diffeiences between the stiains of virus contained in the vaccines 
and those le&ponsible foi the epidemic^® have moused fuitliei mteiest m the 
pioblem of stiain \aiiations among influenza viiiises’’' Stiams of influenza 
vans were also isolated duiing the same epidemic when it occuiied m Boston, 
and they too showed sharp differences fiom the classic PE8 stiani ot influenza A 
The present report piesents the results ot studies on (1) the antigenic lelation 
ships of these recently isolated stiams to several that were obtained in a local 
outbieak in 1943-1944® and to scveial other well-known strains of influenza 
viruses and (2) the immunologic response of patients to then homologous vn us 
and to other strains of influenza vaus 


materials and methods 

Throat TVashingi — Garglmgs were obtained on the first to the third day of the 
from thirteen patients who were acutely ill with clinical influenza and had i,,. 

of 100° P or higher at the time The washings were made with infusion hroticon 
10 pel cent horse serum and were collected between March IS and April 17, 
of them were tested for virus immediately and then stored in sealed glass 
dry ice cabinet Garglmgs were also obtained from the patient P W, an iso a e 
of clinical influenza, on Dec 6, 1947, the data on this patient are included in i 
but will be discussed separately _ 1 , 


Virus Isolation — ^Attempts were made to isolate influenza viruses from e 

mid ITl Iwn irtafanrttia ■fr'rwty nfianl ao,’rofimiS_ 1)V inOCUlatlOU Of BUI 0 


eggs ^ 


mgs, and in two instances from nasal secretions, by inoculation ui. estih 

both the amniotic and allontoic routes as previously described i Once tie 'ir 
lished, subsequent passages all were made in eggs by the allantoic Lomple®''®' 

Serologic Tests — The methods used in the hemagglutination tests 'tea 


fixation tests were similar to those used in previous studies o Serum 


the alhit®*' 


carried out m chick embryos by two different methods one of these ^hjouhI’ 

route as described by irirst,8 and the other was a modification in which -o 
the serum virus mixtures were injected into the yolk sac of 7 day old 
incubated for five days at 35° C , the deaths were recorded and the serum p^ 
based on the LD„ were calculated o The latter method eliminated the neces 
each egg individually to test for the presence of influenza virus ceru® 

Acute (third day or earlier) and convalescent (tenth day '’U gjQppercd tut'?' 
specimens were obtained from the patients and stored at -20° C m ru ® mfu' 

Rabbit antiserums for the study of antigenic differences were prepare aeruni spc® 

Albino rabbits, weighing 2 5 to 3 5 kilograms, were first bled to obtain co^^^ jpintoic 
mens, they were then injected intravenously with 01 ml of virus in ^ 
and bled again after ten to fourteen days The serums were heate a 

From the Thorndike Xlemorial Laboratory Second and ^“^ard ^Medical Sclioi'- 


card) Boston City Hospital and the Department of Medicine 
Received for publication July 29 1948 
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minutes and tested for antibody tho hcmagglntmation inhibition method If a satis 
factor} nse m titer was obtained the rabbits were bled b} cardiac puncture and the 
serums stored in sealed glass tubes at -20 C until used 


RESULTS 


Virus Isolations — Strains of influenza virus were obtained fiom the thioat 
washings of three patients (E B , G P and D W ) of tlie thnteen from whom 
washings were obtained duiing the March Apiil 1947, outbieak and a stiain 
also was obtained fiom the nasal secretions of one of them (E B ) In each 
instance the viius was first identified on the second amniotic passage in cm 
bryonated eggs and was detected m both amniotic and allantoic fluid at tint 
time* The throat washings of E B also yielded the Mims aftei four allantoic 
passages Each of the lemaining tliroat washings and the other sample of nasal 
secretions were passed blindly foui or five times liotli bv the amniotic and by 
the allantoic routes without yielding any detectable \iius Two throat washings 
which had given negative results following passages m embryonated eggs were 
inoculated intranasally m mice and lung suspensions were passed, three times in 
one instance and sl\ times m the other, without producing visible lesions 

Thus, uifluenza vnuses were isolated onlv with difficulty during this out 
break, and the amniotic route of inoculation gave the best lesults Similai diffi 
culty 111 establishing viruses in eggs was also reported bv otheis ^ 

Serologic Tests tn Patients Serums — The results of tlie hemagglutination 
inhibition and complement fixation tests on the serums of twentv patients who 
'^ero acutely iH with clinical influenza between the middle of March and the* 
niiddio of Apni 1947, and in the 0*156 of P W who was ill in December of that 
5eai are shown in Table I It is seen first of all that no significant rises in titei 
'^ero obtained with the Lee strain of influenza B in any instance With the 
othei viruses used, both the absolute titers and the extent of the uses in titer 
'aned in the same patient with the diffeient viruses and in a number of in 
stances there were similar discrepancies m the titeis obtained with the same virus 
the two tests Some of the lattei disciepancies weie elicited even when the 
tests were done simultaneously with the same serum dilutions and the same 
Virus antigens 


A fourfold 01 greater use in titer was obtained bv one oi both tests with 
tbo PR8 strain or with one of the epidemic strains in each of the twenty patients 
were ill ni the spring In five of these patients such uses weie elicited 
cither by onlv one of the virus antigens or by only one of the tests, but not with 
0 othei test employing the same antigen nor by either test w ith any of the 
othci virus strains The seiums of one of these patients D W siiowed a sig 
iificant iiso in titer only by tlie agglutination inhibition test with one of the 
^Pidemic strains GP but showed eitiiei no change or onlv a twofold increase ni 
her With the other viruses used including the strain isolated from the patient’s 
o^vn throat washings 

The tests with the PR8 strain yielded the gieatcst propoition of positive 
patient J M , showed no increase at all by the agglutination 


*“*’sequent serologic tests with rabbit antiserums and with patients serums the 
only after thei had been passed through eighteen to tv.cnt> additional 

passages 
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mliibitiou test Avith this stiain, and the complement fixation test A\as not done 
uitli this patient’s serums In this case a fouifold use in titer ivas elicited onlj 
b} the complement fixation test A\ith one of the epidemic strains EB Two 
patients, D W and il P , jielded onh a twofold use in titer b> both tests with 
the PR8 strain, the lattei showed a fouifold rise with two of the epidemic 
strains Three other patients yielded a fouifold rise b> one test with PR8 and 
a tivofold iise bj the othei test with the same stiain The serums of ail of the 
remaining patients showed a fourfold oi gi eater rise m titei b> both tests with 
the Pits strain and the incieases m titer wcie oreater with this strain than with 
anj of the others used 

Significant rises in titer weie less fiequeiit and less stiiking with the DW 
strain than with the othei two epidemic stiains Witli each of the epidemic 
strains, and particularly with the EB strain the complement fixation test jielded 
an appreciably higher proportion of significant uses in titei than did the ag 
glutmation inhibition tests The rises in titei witli the Swine strain were less 
striking than those obtained ivitii the PR8 or with the epidemic strains 

Anhpemc Relationships Among Strains of Infiuenza T vus — Because of the 
(leoionatration m a pieiious stud>’ that the \nus neutralization test is more 
sensitne than either the hemagglutination inhibition or the complement fixation 
test for the detection of strain differences the neutralization test with labbit 
antiserum was used to studj the antigenic lelationships of tlie strains isolated 
from this outbreak and a numbei of other strains The method of Hirat® was 
The following strains of influenza vinis were compaied EB, GP, and 
isolated during the outbieak of Mai ch April 1947 in Boston, PMi isolated 
during the epidemic of the same season at Fort Monmouth N J SIA MB 
and CP isolated during the 1943 1944 outbieak in Boston PW isolated from 
a sporadic case in Boston in December 1947 and also the well known PR8 
eiss, Sivine and Lee strains The lesults are shoivn in Table II 


Table IL Besults op in 0\o Nkutralization Tests With Influenza Virlses and Rabbit 
Antisera Using the Allantoic Route of Infection 


virus 



IMMUNE 

RABBIT 

SERUM 

PREPARED AGAINST 



^STRAIN 

iDOSEt 

EB 1 

OP 

D\V 

FM 

1 MA 

1 MB 

1 O' 

PP8 ) WEISS 

SWINE 

LEE 

EB 

500 

5941 

514 

32 

147 

<4 

<4 

8 

<4 

<4. 

<4 

<4 

QP 

500 

182 

590 

G 

128 


— 

— 

<i 

<4 

<4 

<4 

DW 

500 

27 

G 

113 

<10 

— 

— 

— 

<■4 

<4 

<4 

<4 

fm 

2 825 

128 

44G 

40 

152 

4 

IG 

4 

<4 

<4 

<4 

<4 

ma 

5 000 

<4 

<4 

<4 

<4 

8 

41 

<4 

32 

s 

<4 

<4 

Mb 

158 

4 

<4 

10 

<4 

32 

2048 

8 

2o0 

40 

<4 

— 

up 

283 

<4 

<4 

<4 

<4 

10 

64 

512 

>4096 

32 

<4 

<4 

PR8 

250 

<4 

<4 

<4 

<4 

<4 

04 

512 

2048 

<4 

<4 

<4 

Reiss 

1^80 

<4 

<4 

11 

<4 


512 

— 

128 

128 

<4 

<4 

Swine 

1 580 

<4 

<4 

<4 

<4 

<4 

<4 

<i 

8 

<4 

11 

<4 


50 

<4 

<4 

<4 

<4 


— 

— 

<4 

<4 

<4 

2^ 


200 

<4 


<4 

<4 

<4 

<4 

— 

<4 

<4 

<4 

<4 


Not done. 


th.. restrains iLV MB and CP correspond to Case NumDera 68 4 and 07 respecUveb in 
report of the 1943 1944 epidemic. 
tNumber of 60 per cent InfectUe dosea (IDm) inoculated 

iReclprocal of 0 per cent protective tiler of serum homologous titer In bold t>pe, 

ITlter of homologous rabbit antiserum 618 
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None of the contiol rabbit serums showed any neutialization uith any ot 
the serums used, even in the lowest dilution tested, namely 14 In the neutral 
ization tests with the mimune rabbit serums, the tluee strains EB, 6P, andDW 
showed sharp differences from the classic PE8, Weiss, and Swine stiains of 
influenza A in that there was little or no cioss neutralization Fuitheimorc, 
the DW strain was distinctly different in its reaction fiom the related BB aud 
6P strams, although all three of these viruses were isolated fiom membeis of 
the staff of the Boston City Hospital duiing the same outbieak The two latter 
strains appear to be very closely related to the PMi strain isolated at Fort 
Monmouth during the same season 

The influenza virus strains of the 1947 epidemic showed httle or no rda 
tionship to the three strams isolated in the 1943-1944 outbreak m Boston Of 
the three strains isolated from the latter outbieak, MA shows distinct difter 
ences from the classic PR8, Weiss, and Swine strains, MB is related to the PES 
strain, and CP is almost indistinguishable from PR8 in these neutralization 
tests Fuitheiniore, strain MA is clearly diffeientiated from the MB and CP 
strains, the two latter strains show a considerable degree of relationship to each 
other, but do not show complete cross reactions 

Neutialization Tests With Patients’ Seiims — In the light of the demon 
stiation of shaip stram differentiation with rabbit antiserums liy the serum 
neutialization test, it was of interest to detemune whethei this more sensitnc 
test might show greater specificity in the antibody response of the human os 
than did the agglutiiun inliibition or complement fixation tests Selected 
from patients studied during the 1947 outbieak of influenza weie, 
tested foi neutralizing antibody content, usmg the yolk sac method oi 
puiTiose The results are presented in Table III 


Table III Resllts op Neutralization Tests With Influenza Viruses <u>i> S 
Patients Using the Yolk Sac Route of Infection 


patients 

SEPUMS 


VlKUSt 


DW 


EB 

GP 

DW 

HB 

AA 

DN 

PW 


<4/28* 

<4/32 

<4/<4 

<4/330 

<4/29 

<4/4 

<4/<4 


<4/7 

<4/<4 

<4/<4 

<4/9 


<4/13 

<4/8 

<4/<4 

<4/131 

<4/64 

<4/4 

<4/<4 



<4/87 

<4/38 

8/25 

<4/1024 

4/128 

<4/92 

<4/<4 


<4/10 

4/0 

< 4/310 

oQl/UO 

3-VOjo 

<P^ 


— Not done facute/coma 

•Reciprocals of the serum dilutions giving 50 per cent protectio 
tinoculum per egg in most tests ivas about 50 LD-o (range 3- ^ ^ 

One sinking feature of the results obtained by this method ^iiusea 

seiums was the failuie of the acute phase serums to neutrahze tho 

to any significant extent This is m contrast to the responds 

hemagglutination inhibition and complement fixation tests, R vheii 

the results of the neutralization tests in the noimal i tim sTu that the acute 
allantoic method was used There weie two notable excep ^ 201 and 

phase serums of patients A A and D N had neutralizmg i 
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1 32 respectivelj foi the PR8 stiain low titei^ (1 4 to 1 S) with this sti’aiu 
uere found also in the acute phase serums of two additional patients, and 
similar low titers were obtained in two patients with the P^Mi strain 

Among the epidemic eases, the neutialization of the vuuses bj the con 
\alescent serums in this small group of adult patients failed to show clean cut 
or consistent strain differences In gencial however, the highest titers and the 
greatest rises in the neutralizing titers occuried wnth the PUS and the FAIi 
strains, and this was true iriespective of whethei the titers with the epideimic 
strains were high or low The serums of D AV failed to neutiahze anj of the 
local epidemic strains, including the one isolated fiom this patient s own throat 
wasUmgs but the> did show a slight and probably significant rise in titer with 
the Fill strain One patient, A A failed to show an\ neutiahzing antibodies 
for the GP strain, but showed a good antibodv lesponse to all of the othei 
strains, in another of the epidemic cases that of patient D N onij minimal 
rises were demonstrated with the EB and BAX’" stiams and onlj a slightlj 
bettei response was obtained for the GP vims 

Results xn a Sporadxc Case — ^The thioat washings obtained from patient 
P M on Dec 6, 1947, yielded a stiain of influenza virus on seveial sepaiatc 
attempts The virus was obtained on one occasion bv amniotic inoculation and 
wa« first demonstrated in the tluid amniotic passage It was also demonstrated 
on another occasion in the first ammotic passage of the lungs of mice that had 
been inoculated intranasallj with the washings Both of these stiaius were 
subsequentlj maintained by serial allantoic passage and thev gave similar reac 
tions in all tests The strain obtained directly in eggs was used in the tests 
listed m Table II As shown in Table II tins virus was neutralized onlj b;j its 
homologous rabbit antiserum but not bj the antiserums prepaied wath tlie Lee 
'•train of influenza B the 1947 epidemic strains the 1943 1944 stiams nor with 
3^5 of the standard influenza A strains The acute and convalescent semni of 
^ AV tailed to show any antibodv response to anv of the viruses used by the 
hemagglutination inhibition oi complement fi\ation tests f Table I) or bv the 
m o\o neutralization tests done bv the >olk sac method (Table III) 

DISCUSSION 

The data piesented indicate that the outbieak of influenza which occuried 
■a Boston m Alarch and April 1947 was caused bv strains of influenza virus 
which though they resembled the PR8 strain of influenza A, were antigenicallj 
'listinet from that strain and also from strains isolated in Boston during 1943 
1944 Similai obseiwations have now been recorded wnth respect to outbreaks 
of influenza which occiuied duiing the same season in other parts of this conn 
and in England * 

In addition the stiams isolated during this outbieak showed some antigenic 
differences among themselves as indicated b> cross neutralization tests in eni 
donated eggs with antiserums prepared in rabbits Some difterences also were 
^oted m the antibodj titers and rises in titer against these strains m the serums 
of patients both in the in vitro tests used and to some extent m the m ovo 
Neutralization tests done by the j oik sac method Similar antigenic differences 
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also have been demonstiated among the stiains isolated during the influenza 
epidemic in Boston in 1943-1944 The latter strains showed somewhat greater 
leseinblance to the PR8 stiaui Distinct antigenic differences among influenza 
B strains isolated dm mg a single outbreak also have been demonstrated ’ 

Of partieulai interest were the occasional patients like D W who was ill 
dm mg the height of the outbieak and P W who was ill in December when no 
othei cases of influenza viius infection weie established in this area In these 
patients’ serams little oi no antibody response was detected, eithei with the 
standaid stiains of influenza viius oi even with the stiains isolated from their 
own thioat ivashmgs Similai obseivations previously have been made m several 
patients ill with clinical influenza shortly after the influenza A epidemic of 
1943-1944 ® Strains MA and CP were obtained fiom such cases during the 
lattei outbieak 

In view of the distinct antigenic differentiation between the epidemic stiains 
isolated in the spring of 1947 and the PR8 strain, it is also of interest that 
dm mg this outbieak better antibody responses weie elicited in the patients 
against the PR8 strain than against the strains isolated during this epidemic 
This was true even in the patients from whom the viruses were isolated Similar 
results were obtarned during the same season m England * In the present studv 
this lack of speciflcity m the serologic response of adult patients was demon 
strated, both by the m vitro tests (hemagglutrnation inhibition and coinpleniwt 
fixation) and by the m ovo neutralization tests done by the yoUc sac method 
In the lattei tests this was true in spite of the fact that all of the acute phase 
serums gave completely negative results with the three local epidemic stiaiM 
In the rabbit antiserums, on the other hand, the neutralization test peimitt 
much more defimte antigenic differentiation among the stiains and pio'c 
much more satisfactory than m vitro tests for that purpose 


SUMMARY AND CONCLUSIONS 

Stiams of virus isolated from patients during the epidemic of 
which occurred in Boston m Maich-Apiil, 1947, were shown to be antigenic^^^ 
distinct from several classic strains of influenza A and from strains o m i 
virus isolated m Boston during and shortly after the 1943-1944 epi 
stiams from both of the epidemics, however, showed some antigenic re a 
to the PR8 strain of influenza A, but not to the Lee stiam of influenza 
Evidence was presented which suggested that at least two an ig 
distinct stiams of influenza virus weie active during the 1947 epi 
them closely resembled the FJIi strain isolated elsewhere during the \ 

Antigenic differences were also demonstiated among stiams o in 
isolated m Boston during and after the outbreak of 1943-1944 

During the 1947 outbieak, higher titers and greater uses m b 
enza antibodies were elicited m the serums of patients w'lth the 


with the epidemic strains influenza m 

A strain of virus isolated from a sporadic case of vuruijf^ 

December, 1947, showed no antigenic relationship to any of ^ flemon 
included m this study Antibodies against this strain could no 
strated m the serum of the patient from whom it was isolated 



ANTIGENIC DIFFERENCES AMONG INFLUENZA A VIRUSES 


1219 


REFERENCES 

1 Francis, T Jr, Salk J E, aud Quilhgan, J J, Jr Experience ^ith Vaccinatiou 
Against Influenza m the Spring of 1947 A Preliminary Report Am J Pub 
Health 37 1013 1016, 1947 

Smadel J E Research in Virus Diseases Bull U S Arnij iled Dept 7 795 808 1947 
i Sigel, M 3iL, Shaffer, F 'W and Henle W Epidemic of Influenza A Among a Eecentlj 
Vaccinated Population Isolation of a New Strain of Influenza A Viru*? abstracted 
in J Bact 64 277, 1947 

4 Stuart Hams C H and Miller M H Vagaries of the Agglutination Inhibition 

Reaction With Newlj Isolated Strains of Influenza \irus Brit J Exper Path 
28 394-403 1947 

5 Kalter S S , Chapman, 0 D Feeley D A and 'MacDowell, S L An Epidemic of 

Influenza A Duo to an Atypical Strain The Relationship of This Strain to Other 
Influenza Viruses J Immunol 69 147 157 1948 

6 Finland, M, Barnes M W and Samper B A Influenza Virus Isolations and Sero 

logical Studies Made in Boston During the Winter of 1043 1944 J Clin Iniestiga 
tion 24 192 208, 1945 

7 Barnes, M W Morgan. H R, and Finland M Isolation and Identification of Influ 

enza Viruses During the Epidemic of December 1045 J LvB it. Cliv Mfd 33 
309 318 1948 

8 Hirst, G- K In Vi\o Titrations of Influenza Virus and of Neutralizing Antibodies in 

Chick Embryos, J Immunol 45 285 292 1042 

9 Morgan H R and Finland M Simph/Ied Technique for Titrating Influenza 1 irus 

Neutralizing Antibodj in the Chick Embno Proc Soc Expcr Biol & Med In 
press 



STUDIES ON CAEDIOLIPIN ANTIGEN 


IV VAEIA.TIONS IN SENSITIVITY OP DIFFERENT LOTS OF PURIFIED LfCITHIN 


I 


Eeuben L Kahn and Elizabeth B SIcDerjiott 
Ann Arbor, Mich 

T WAS obseived eaily that different lots of eardiolipin antigen piepaiedac 
eoiding to the same formula gave inconstant lesults m the standaid Kahn 
test The question aiose whether the vaiiable factor was piesent ui the eaidio 
lipm, the puiified lecithin, oi in both Tins aiticle briefly summaiizes our 
seiologic lesults based on the use of different lots of cardiolipm and lecithin 
Table I dlustiates diffeienees in sensitivity’- of two diffeieiit lots of 
cardiolipm antigen m the standard Kahn test The antigens weie piepaied 
aecoidmg to a pieviously employed formida, namely, 0 75 pei cent purified 
lecithin, 0 03 pei cent cardiolipm, and 0 1 pei cent cholesteioD To this antigen 
was added 0 2 ml of a 10 per cent solution of gum mastic (N F ) m absolute 
alcohol The titei with 0 9 pei cent NaCl solution was the same with hot 
antigens, namely, 1 plus 1 1 Standard Kahn tests weie peifoimed niani v 
with weakly positive syphilitic senmis Two leadmgs of results uere nia e, 
the fiist immediately after the addition of diluent (salt solution), and t e s« 
ond fifteen minutes latei A summation of plus signs of the leadings o 
thiee-tube tests with each antigen shows that caidiolipin antigen Lot g^ i 
on fiist and second leadings, a total of 121 and 105 plus signs 
antigen Lot L gave on fiist and second leadings a total of 179 an 
signs lespectively Thus, antigen Lot L was obviously moie sensitive an 
gen Lot P m the simultaneous examination of twenty-five seiuins 

This finding laised the question whethei these diffeienees in sc 
weie due to differences m cardiolipm oi m puiified lecithin 
trates standaid Kahn lesults with antigens piepared with thiee ' ^ 
of eaidiohpm and one lot of puiified lecithin (Lot IA-46) ou 

serums weie employed The antigen contammg cardiolipm o 
first and second leadings, a total of 45 and 42 pluses lespective j3ancl 

■with caidiolipm Lot Eun 3 gave, on fiist and second readings, a o^a^^ 

42 pluses lespectively The antigen with cardiobpm Lot 35 jgjjt;’ that the 
and second readings, 44 and 41 pluses respectively It is thus ^^th a 

three lots of antigen prepared with diffeient lots of cardiolipm p^ji 

single lot of purified lecithin, closely parallel Kahn lesults wi 
tive serums jggjthm 

When turning to antigens contammg diffeient lots of natuu-t 

one lot of cardiolipm, the Kahn results were found to be of a i 

From Uie Serolog:> Laboratorj Uni\erslty Hospital Uni\er3ity of J 
Aided by a grant from the Difco Laboratories Detroit Mien jjjndij DepJt* 

Cardiolipm and purified lecithin emploj ed in this New Vorit S 

Lederle Laboratories Pearl Ri\er N Y and b> Dr Marj Pang 
ment of Health Albany N -Y 

Beceited for publication Julj 14 1948 
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Table I Illustrating Di>fere\ces in SENSirivm or Two Dipferent Lots of Cakdiolipin 
Vntiqen Prepared Vccobdino to the Same Forhulv 




— 

STANDARD KAIlN REACTIONS WITH CARDlOLlFIN 





ANTIGEN EMPLOYING 



f VVTiaEN LOT P 1 

I ANTIGEN LOT L 


1 FIRST KELVDINO 

SECOND READING 

FIRST READING j 

SECOND REiADINO 


I TUBES 

TUBES 

TUBES 1 

TUBES 

SERLJI 

1 1 

2 

3 1 

1 1 

4 3 1 

12 3 1 

12 3 

1 


4 

4 

1 

4 4 

4 4 4 

4 4 4 


- 

4 

4 

- 

4 4 

4 4 4 

4 4 4 

3 

- 

4 

4 

- 

4 4 

3 4 4 

3 4 4 

i 

- 

4 

4 

- 

4 4 

3 4 4 

3 4 4 

5 

- 

4 

4 

- 

2 3 

3 4 4 

14 4 

6 

- 

4 

4 

- 

o o 

14 4 

- 4 4 

7 

- 

3 

4 


3 4 

3 4 4 

3 4 4 

3 

- 

3 

4 

- 

- 4 

1. 4 4 

- 4 4 

9 

- 

3 

3 

- 

2 3 

13 4 

- 2 4 

10 

- 

3 

3 

_ 

3 3 

4 4 

- 4 4 

11 

- 

o 

4 

- 

2 4 

- 4 4 

- 4 4 

12 

- 

<1 

3 

_ 

3 3 

2 4 

. - 4 

13 

- 

1 

4 

_ 

- 4 

2 4 4 

14 4 

14 

- 

1 

4 

- 

1 4 

4 4 

- 4 4 

15 

- 

+ 

4 

_ 

± 4 

4 4 

- 3 4 

10 

- 


3 

. 

3 

- 3 4 

- 3 4 

17 

_ 

1 

o 

- 

- 1 

2 3 

- 2 3 

18 

. 

_ 

1 

_ 

_ + 

2 3 

- + f? 

19 

- 

- 

1 

- 

- t 

- ± ] 

- ± 1 

20 


. 

- 

. 

. . 

- ± 3 

- “ 3 

21 

- 

- 


- 

- - 

3 

“ - i 

22 23 

4 

4 

4 

4 

4 4 

4 4 4 

4 4 4 

24 25 

- 

- 

. 

- 

— 

- 

— - 

total plus aitfns 

1 

:2] 


lOu 

i.y 

101 


rea<1Inff was made aftei the aihiltloii of dUuent tlie second reading was made 
» wen minutes later 


Iable ir Illustrating Sisiilarita in Sensitivity of Cvrdiolipin Antigen Ehployino 
Lecithin Iajt 1A40 With Three Different Lots of Cakdiolipin 


STANDARD KAUN REACTIONS WITH CAKDIOLIPIN ANTIQEN EATPLOYINO 


1 

1 CARDIOUPIN 42 1 

1 CAKDIOLIPIN RUN 3 

I CARDiOLiriN 35 37 


FIRST 

1 SECOND 1 

FIRST i 

SECOND 

FIRST 

SECOND 


RE.ADING 

j REiADINO 1 

KLiADlNO 1 

I LADING 

READING ' 

READING 

SEKuil 1 

, TLBES 1 

TLBES j 

' TLDCS i 

' TUBES 1 

TUBES 

TUBES 


12 3 1 

1 1 2 3 1 

1 12 3 1 

11^3 1 

1 12 3 

' 12 3 

1 

- 1 3 

•■12 

- 1 3 

- 1 - 

- 1 3 

1 3 

2 

- 2 3 

- 

- 1 3 

- 2 3 

- 2 3 

- 2 3 

3 

- - 2 

- ~ 2 

- 1 1 

- 1 1 

- - 2 

- - 2 

4 

- - 1 

- - 1 

- ~ ± 

_ - + 

_ _ + 

- - i 

o 

- 3 4 

- 2 4 

- 3 4 

- 3 3 

- 2 4 

- 2 4 

0 

- 1 3 

^ o p 

- 2 3 

- 2 3 

- 2 2 

- 1 1 

/ 

- - 1 

- - 1 

- - + 

_ - + 

- - 1 

- - 1 

s 

1 A A 

14 4 

14 4 

1 4 4 

2 4 4 

14 4 

9 

4 4 4 

4 4 4 

4 4 4 

4 4 4 

4 4 4 

4 4 4 

10 

— 

— 

— 

— 

— 

— 

piu3 signs 

45 

42 

43 

42 

44 

41 


reading was made after addition of the lllucnt 
“lecn minutes later 


the secoii 1 reading was ma<Ie 


^ IS evident fiom Table III An antigen containing puiified lecithin Lot lA-46 
S‘‘\e on fiist and second leadings 41 and 33 pluses respectively An antigen 
'•ontaiuing lecithin Lot Run 4 gave, on fii-st and second readings, 69 and 65 
pluses respeetiv elv 
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Iable III 


iLLbSTIEVTING DiFPEPENCES IE SE^SlTIVITY OF C\KDIOLIPI\ (P) AMIQEn ^\iie 

Two Difpereat Lots of Purified 'Lecithin 


STANDARD KAHN REACTIONS WITH CARDIOLIPIN 
ANTIGEN EMPLOYING 





LECITHIN lA 40 


1 


LECIllIlV Rb^ 4 


PiRST RE.AD1NG* 

SECOND KEtDING ! 

1 FIRST RE VDING 

1 SECOND READINO 

SERUM 

TUBES 

12 3 1 

1 UBES . 

12 3 1 

TUBES 

' 12 3 1 

TUBES 
' 1 2 3 

1 

- 

1 

3 

- 


2 

- 

3 

4 

- 3 4 

2 

- 

1 

3 


- 

- 


2 

4 

- 2 4 

3 

- 

- 

3 

- 

- 

o 

- 

3 

3 

- 2 2 

4 

- 

+ 

2 

_ 

+ 

2 

3 

4 

4 

3 4 4 

5 

- 

3 

4 


2 

4 


4 

4 

- 4 4 

0 

- 

1 

3 

- 

2 

2 

- 

3 

4 

- 2 3 

7 

_ 

4 

4 

_ 

4 

4 

3 

4 

4 

3 4 4 

8 

_ 

_ 

_ 

- 

_ 

_ 

- 

1 

1 

- 1 1 

9 

o 

3 

1 

2 

3 

4 

3 

4 

4 

3 4 4 

10 

- 

- 

- 

- 

- 

- 

- 

- 

- 

— 

Total plus signs 


41 



33 



09 


Co 


*The flist reading: was made aftei the addition of diluent the second reading was maile 
fifteen minutes later 

Table IV Iliustrating Diffepences in Sensitivity of Cakdiolipin (L) Antigen ^\itii 
Three Different Lots op Purified Lecitihn 


serum 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


STAND tPD KVHN RELVCTIONS WITH CARDIOLIPIN ANTIGEN EMPLOYLNG 


LECITHIN 1a 4b 

lEClTHIN FUN 3 

FIRST 

REiVDING* 

SECOVD 

READING 

FIRST 

READING 

SECOND 

REjVDING 

TUBES 

1 2 3 


TUBES 

12 3 



lecituin rtN i 


FIRST 

RE.tDIN0 


tubes 
1 2 3 


4 4 4 


4 4 4 


- 4 4 

- 4 4 

- 4 4 

- 4 4 

- 4 4 

0 0 0 

- 2 4 

- I 4 
4 4 4 


- 4 4 

- 4 4 

- 4 4 

- 3 4 

- - 4 

0 0 0 

- 1 4 

- - 3 
4 


4 4 


- 3 4 

- 4 4 

- 4 4 

- 3 4 

- 2 4 

- - 3 

- - 1 

4 4 4 



- 4 4 

- 1 4 

- ) 4 

- 1 i 
. - 1 

- - 1 

4 4 4 


'lotdl plus signs 


38 


35 


b3 


Ot C\PE'I0UP1> 


•The flist reading- was made aftei addition of the diluent the 
fifteen minutes later 

Table V Illustilating Differences in Sensitivitv op Two Different 

Antigen Prepared According to the Same Forml1“A \\itho 
THE Addition op Mastic 

STANDARD RLAIIN REACTIONS WITH CARDlOff*"* 
FMPLOAING 


LECITHIN LOT 17 


TUBES 

12 3 


3 

4 

5 
C 

7 

8 

9 

10 


- 4 


4* 

4 

4 

1 

+ 

4 

4 


lotal plus signs 


37 


•One reading of the tests -nas made namelj immediately after the 
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It seemed worth uhile to scrologieallj examine diffeient antigens contain 
mg different lots of lecithin with still anothei lot of cardiolipin Lot L instead 
of Lot P emplojed in the pie\ious expeiinicnt Table IV summarizes the ic 
suits of tins compaiison The autioOii with lecithin Lot lA 46 oa\e in the Kahn 
test 38 pluses on the hist leadnio ind 35 pluses on the second leading The anti 
gen with lecithin Lot Run 3 ga\e 63 pluses on the fiist leading and 55 pluses on 
the second leading The antigen with lecithin Lot Run 4 ga\e on first and sec 
ond readings, 52 and 46 pluses lespectnclj 

A similar expeiimcnt in which two diffeient lots of lecithin were employed 
until tuo different lots of caidiohpm in ictoidante with oiii latest formula 
m which 10 pel cent lecithm is employed with 01 pei cent cardiolipin and 

0 025 pel cent cholesterol is illustnted in Table ^ No mastic was employed 
in this foimula It is eMdent fiom Table V tint caidiolipin antigen containing 
Lecithin Lot 11 ga've, with ten weakh positne seiums a total of 56 plus signs 
uhile cardiolipin antigen cont iimng lecithin Lot 17 go\c with the same serums 
a total of 37 plus signs 

It IS thus clear that diffeient lots of purified lecithin m caidiohpin antigen 
niav cause the antigen to vaia in senbitivit\ to the extent of 40 per cent oi moie 
These differences can be noted best when wcakl\ positne leacting serums aie 
cmploj ed 

Prelimmai} standaidizatioii methods (lc\eloped in this laboiatori foi 
cardiolipin antigen indicate that mam puiified lecithins will become usable b^ 
variations in the latio of lecithin to eaidiolipm within ceitam limits Thus 
^th the emplomeiit of a 10 1 latio of Iceithm cardiolipin as a working base 
a reduction in lecithin, such as 9 1 tends to deeiease sensitnitj while an in 
increase in lecithin such as 11 1 tends to inereise scnsitisitv ^ 

SUMM \R\ 

It was obsciied that diffeient eaidiolipm antigens, piepaied accoiding to 
Ihe same formula but consisting of different lots of cardiolipin weie of uni 
form sensitivity in the staiulaid Kahn test When the cardiolipin antigens were 
prepared with different lots of puiificd lecithin consideiable laiiations in sensi 
hiitj were noted This finding indicates that eaidiolipm antigens prepared 
'nth different lots of piuified lecithin lequire seiologic standaidizatioii befoie 
Iheir employment lu tests foi syphilis 
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STUDIES ON CARDIOLIPIN ANTIGE^ 

V Standardizaiion of Antigen for the K-ihn Test 


Elizabeth B McDermott and Reuben L Kahjs 
Ann Arbor, jMich 


T his aiticle deals with vaiious aspects oi the standaidization oi cardiolipm 
antigen tor the standaid Kahn test Pieliniinaiy studies with this antigcu 
indicated that it behaves essentially like Kahn antigen in its titiation with salt 
solution These studies fuithei indicated that m the final btandardization ot 
caidiolipin antigen foi use with seiuni this antigen also behaves essentially like 
Kahn antigen Hence, many teclmieal steps developed in connection with the 
titiation and standardization ot Kahn antigen ivere toimd to be applicable to 
the titiation and standaidization ot caidiolipm antigen The majoi aim of 
standardization of caidiolipin antigen is of course the same as that of the stand 
aidization of Kahn antigen, namelj'^, to assuie iinifoimity in seiologic lesults'Ut 
svphilitic and nonsyphilitie sei unis 

The Need of Standaidization of Cai diolipin Antigen — Tissue extiact anh 
gen, such as Kahn antigen, requires three steps in its standaidization (1) 
titiation of the antigen with salt solution to deteiniine the titei at m k 
antigen is to be nu\ed with salt solution in the preparation of the antigen sus 
pension foi use with seiuin (2) Comparative tests with sypluhtic an non 
syphibtic serimrs, employing standaid antigen as a control, to t 

closely a new antigen behaves like standard antigen m sensitivity and speci c 
(3) Adjustment or correction of the new antigen if in its 
it is either oversensitive or under sensitive as compared ivrth stair ai 
These three steps are necessary also in the standardization of 

The question might arise why an antigen consisting of pun e ^ 
reagents should need to be standardized The need for lots 

lipin antigen was pointed out in the preceding article,^ namelv, i 
ot puiified lecithin do not give rise to identical serologic results fcst— 

A Wotkahle Cat diolipin Antigen Fonnula foi the Standan ^ 

In attempting to develop a workable caidiolipin antigen foiniu a ^ ^ 

aid Kahn test, various ratios of lecithin-caidiolipin iveie trie ^^jount ci 
of these reagents first was reported with the use of a veij j to te 

mastic ' With the abandonment of this colloid, that ratio j ^ 

unsuitable for the standaid Kahn test A 20 1 ratio of lecit in cai 
then tried Tabular results of caidiolipin antigens resent h 

ratio in then behavior with salt solution will be presented later 
is merely desired to state that a 10 1 ratio of lecithin caiclio leagents n 
be suitable as a working base, provided the concentration ot 
taken into consideration ^ ■* 
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The proper concentration of lipids plajs an important role in the behavior 
of Kahn qntigen with salt solution and Avitii serums and it is understandable 
that it ^\ould also plaj an important role in the beha\nor of cardiolipin antigen 
Indeed several years’ trial of adjusting cardiolipin antigen to the standaid Kahn 
test led to failuie until pioper conceiitiation of reagents began to be employed 
The relationship between lecithin caidiolipm latios and the concentration of 
these reagents will be discussed below FiiNt it is desired to present the basic 
cardiolipin antigen foimula employed 

The use of the following percentages of cardiolipin purified lecithin and 
cholesterol results in a cardiolipin antigen which behaves broadlj like Kahn 
antigen both in its titration with salt solution and m its reactions with serum 


Purified lecithm 

Cardiolipin 

Choleaterol 


1 0 per cent 
0 1 per cent 
0 025 per cent 


in outstanding featuie of this formula is the relatueh high concentia 
tions of cardiolipin and lecithm and the tei\ lo« conccntiation of cholesterol 
It IS beltetcd that the 25 mg per cent of cholesterol m cardiolipin antigen 
matched against the 600 mg per cent of cholesterol in Kahn antigen might help 
to bring out selective reactivities of the two antigens m certain situations in 
syphilis 


Determination of Cardiolipin Antiejcn Titer — Those who are familiar with 
the Kahn teehmque’ will recall tliat when 1 ml of tin antigen is mixed with 
on appiopriate amount of salt solution an antigen suspension is produced con 
taming hpid aggregates An important charactenstie of these aggregates is 
that thev arc dispersible in salt solution and in serum then in syphilitic serum 
new flocculcs appear, while in nonsvphilitic scrum no floccules appear Essen 
holly cardiolipin antigen behaves the same viay with salt solution When ap 
Propnately mixed with salt solution an antigen susjiensioii is produced in which 
hio lipid aggregates are dispersible in salt solution and in serum Then as in 
Iho ease of the ICahn antigen suspension floccules appeal m syTiliilitic serum and 
no floccules appear in nonsyphilitic seium 

The titei of Kahn antigen, by definition, is the smallest amount of salt solu 
hon added to 1 ml of antigen which will produce a lipid suspension containing 
nmpersible aggregates The same definition applies to cardiolipin antigen How 
O'ci after the titer has been obtained it is not necessarily true that either anti 
sen at the titer will give correct results wntli serum The sensitivity of the 
htcred antigens vnth serums must be determined by trial 

Briefly, the basic requiiements of an antigen suspension at its titer foi 
nve in tests with serum are as follows 

(1) The antigen suspension must contain a minimal amount of salt solu 
hen an increase m the salt solution beyond the titer tends to reduce sensitivity 
end a decrease in the salt solution below the titer tends to increase sensitivity 

end nonspecificity 

(2) The hpid aggiegates of the antigen suspension must disperse in salt 
“lution and in serum 
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(3) When these aggiegates aie thus dispersed in seium, the negatiic le 
actions appeal opalescent — not suggestive ot cloudiness on the one hand oi of 
water clarity on the othei The positive leaetioiis will then show floccules of 
sufficient bulk as to be leadily diffeientiable 

(4) If an antigen at its titei does not give results conipaiable to staiidaid 
ized Kahn antigen, special standaidization methods aie applied with a iieii 
towaid bunging the antigen to standard sensitivity 

Table I illustiates the titiation pictures of caidiolipin and Kahn antigens 
The similaiity in the titration picture of two antigens is evident Also eiident 
IS the fact that eaidiolipm antigen exhibits a narrow titration range with salt 
solution, while Kahn antigen exhibits a relatively wide titration range Vs is 
illustrated in Table I, the Kahn antigen has a titei of 1 plus 1 3, while the cardio 
lipin antigen has a titei of 1 plus 0 9 When 1 ml of caidiohpin antigen i> 
mixed ivith 0 8 ml salt solution instead of 0 9 ml , the resulting antigen siispeu 
Sion gives cloudy mixtures with seium and it is impossible to differentiate si pli 
ill tic from nonsyphilitic serums If 1 ml of the antigen is mixed with 1 ml ot 
salt solution, the resulting antigen suspension gives altogether too clear nii\tines 
with serum and the suspension is of markedly reduced sensitivity Bue 
caidiolipin antigen must be mixed with salt solution piecisely at 
namely 1 plus 0 9, to obtain a usable antigen suspension in which s'P » > ^ 
seiunis will show precipitates and nonsyphilitic serums will shoiv the opa esoe 
and clarity chaiacteiistic of negative reactions 


Table I 


Similarity of Titration Pictures op Cardiolipin \sd Kihn Antio 


CARDIOLIPIN ANTIGEN SUS 
PENSIONS AMOUNTS OF 
ANTIGEN AND 0 9 PER CENT 
SALT SOLUTION (ML ) 

1 + 08 
1 + 09* 

1 + 10 
1 + 11 

1 + 12 


DISPERSIBILITY OP ANTIGEN SUS 
PENSION AGGREGATES, RESULTS IN 
3 TUBE TEST, USING S^lLT SOLUTION 

INSTEAD OF SERUM 

Cloudy, nondispersitole aggregates 
Opalescent (titer) , dispersible ag 
gregates 

Too clear, dispersible aggregates 
Much too clear, dispersible aggre 

Water cleai , dispersible aggregates 


HN antigen suspen 
HONS amounts or 
ntigen and 0 9 ’’K 

p SAIT SOLDTIOWMW 


1+15 

1 + n 


•Antigen titers employed in the Kahn test 

Cardiohpin antigen Lot Cll L16-AA Kahn antigen Lot 1 ^ 

Kahn antigen, on the othei hand, is likely to give results prepaid 

those given at a titei of 1 plus 1 3 when the antigen solution to 

by adding 1 2 ml salt solution to 1 ml of antigen oi 14m o titration 

1 ml of antigen Briefly, 01 ml of salt solution above oi ^ of 

end point apparently does not markedly affect the physica pioP 
antigen suspensions the pi"'’*' 

This difference between Kahn and caidiolipin antigen is pioteeti'O i” 

bility that Kahn antigen contains nonantigenic colloids piotn 

nature, while caidiolipin antigen, because of its high puii 7, .jjjae ot 
tive colloids Pig 1 graphically illustiates the narrow titia ion iCalm 

lipm antigen as compared with the relatively wide titia loi 


antigen 
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BNIIEEN 5U3PtN3IDN5/nKTIEtN ‘agrN tl SDlUTlOM/wlTn INtEtnjINE Pf SUIT SDIUTION CC 

I IB IDS KD III K2 113 ME 115 K6 117 1*18 1*13 

Eip 1 — Graph lUuitratInR antigen suapenslon of correct titer in relation to su pensions that 
ghe either too clear or too cloutlv results 

Table II shows tliat a titoi of caidiolipiii antigen prepared m a 10 1 latio 
of lecithin caidiolipiii is obtainable only under eonditions of the appropiiate 
coucentratioii of these reagents IMien cmplojing the same ratios of leeithin 
caidielipin, namely 10 1, but ui diffeient eoncentiations of these leagents work 
Dblo titei's aie not obtained Foi example 0 a pei cent of leeithm and 0 05 pei 
cent of eardiolipin do not load to a workable titei The same holds true if 2 0 
I'ei cent lecithin and 0 2 pei cent cardioliiiin are emploj ed Evidentlj the 10 1 
ratio of leeithin to eardiolipin in combination with the appropriate concentration 
of these reagents is of impoitance in obtaining a woikable caidiolipin antigen 
btei foi the Kahn test 


Table II Concentrations of Lecithin and Cvrdioupin (10 1 Eatio) Producing an 
AntIQLN SUSIENSION Ul>ABLE IN TlIE STAND\RD KaHN TeST 


C\Rl)IOLIWN ANTIQbN FORMl LaV 


^Miqen 

PLUS 

l\lt 

SOLU 

A 

0j% LECITHIN 

0 05% CARDIOIIIIN 

0 02o% CIIOLESTEROI 

B 

1 0% LECITHIN 1 

0 1% CARDIOLlPIN 

0 025% CHOLESTEFOL 

c 

2 0% LECITHIN 

0 2% CARDIOLlPIN 

0 0-0% CIIOLESTEROI 

TIOV 


TOTAL LIIID CONCFNTltATION 


(Ml.) 

0 5/5% 1 

1 125% 1 

1 2 22o7o 

1 + 08 

'loo cleir some nondis 

Cloudy nondispersiblo 

Turbid nondispersible 

1 + 09 

pcrsible aggregates 

aggregates 

aggregates 

Nearly water cletr dis 

Opalescent* dispersible 

Turbid nondispersibli 

1 + 1 0 

pcrsible aggregates 

aggregates 

aggregates 

^^ater clear, dispersible 

Too clear, dispersible 

Cloudy noadispersiblL 

1 + 11 

aggregates 

aSRPegates 

aggregates 

ANater clear dispersible 

Mudi too clear dis 

Cloudy, somo noaJi 
persible aggregates 

1 + 12 

•iggregates 

persiblo aggregates 

^\ater clear dispersible 

Nearlj water clear dis 

Opale cent some non 


accregates 

persible aggregates 

disper-iiblo aggregates 


antlrroFA ^ antigen suspension obtiilned with Formula B when employing 1 nil 

plus 0 9 ml salt olutlon 
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Table III illustiates that a 20 1 latio of lecithm-eaidiolipin does not pro- 
duce a workable titer at any of the three concentrations of the reagents em 
ployed, namely 0 5 per cent and 0 025 per cent, 1 0 per cent and 0 05 per cent, 
and 2 0 per cent and 0 1 per cent of lecithin to caidiolipm lespectnelj^ 

T\BLE III CONCE^T^^VTIONS OP LECITHIN AND CaRDIOLIPIN (20 1 EATIO) NOT PRODUCING 
AN Antigen Suspension Usable in the Stand^vkd ILuin Test 


nRDiOLiPiN antigen formula 


NNTIGEN 

PLUS 

SALT 

SOLU 

TION 

(ml ) 
1+08 

1-1-0 9 


1 + 10 
1 + 11 


1 + 12 


D 

E 

F 

0 5% LECITHIN 

1 0% LECITHIN 

2 0% lecithin 

0 025% CARDIOLIPIN 

0 05% CARDIOLIPIN 

01% CNRDIOLIPLN 

0 025% CHOLESTEROl 

0 025% CHOLESTEROl 

0 025% CHOLESTEROl 


0 55% 

To clear, some nondis 
persible aggregates 
Nearlj water clear, / 
some nondispersible 
aggregates 

Water clear, some nou 
dispersible aggregates 
Water clear, some non 
dispersible aggregates 

Water clear, dispersible 
aggregates 


1 075% 

Opalescent, nondis 
persible aggregates 
Too clear, nondis 
persible aggregates 

Too clear, some nondis 
persible aggregates 
Nearly water clear, 
some nondispersible 
agRregn-tes 

Water clear, some non 
dispersible aggregates 


2 125 % 

Turbid, nondupersiUe 
aggregates 

Turbid, nondispersible 
aggregates 

Cloudy, nondispersible 
aggregates 

Opalescent, nondis 
persible aggregate^ 

Too clear, some nondis 
persible aggreg'l^s— 


Table IV shows the effect of mcieasing the cholesteiol m a usable cario- 
hpin antigen fonnula on the titiation lesults It was found that 0 0- J 
of cholesteiol did not inteifeie mth the titration leadings and 
adopted foi use in the antigen foimula Ceitain lots of caidiohpin an e 

Table IV Effect of Increasing Cholesterol in Usable Cvrwolipin Antigen I 

ON Titration Picture 


ANTIGEN 

PLUS 

SALT 

SOLU 

TION 

(ml ) 

1 + 08 


(ml) I 0% I 
1 + 08 Cloud} , non 
dispersible 
aggregates 
1 + 09 Opalescent , 
sbghtly 
too clear, 
dispersible 
aggregates 
1 + 10 Too clear , 
dispersible 
aggregates 

1 + 11 Water clear , 
dispersible 
aggregates 

1+12 Water clear, 
dispersible 
aggregates 

•A usable antigen 
salt soluUon 


OF CHOLESTEROL 

I 0 025% 
Cloudy, non 
dispersible 
aggregates 
Opalescent* , 
dispersible 
aggregates 


Too clear, 
dispersible 
aggregates 

Water clear, 
dispersible 
aggregates 

Water clear, 
dispersible 
aggregates 
suspension was 


.\DDED TO 1% LECITHIN AND 0 1% 
(10 1 mNTIO) ___ 

I 0 05% I 

Cloudy, non Cloudy, non 
dispersible dispersible 

aggregates aggregates 

Opalescent, Opalescent, 

trace non some non 

dispersible aggregates 

aggregates dispersible 


Too clear, 
dispersible 
aggregates 

Water clear, 
dispersible 
aggregates 

Water clear, 
dispersible 
aggregates 


Too clear, 
aggregates 
dispersible 

Nearly water 
clear, 

^spersible 

aggregates 

Water clear, 
dispersible 
igp-regates _ 


aggregaieg — y 

obtained when employ ms a 


c VRDIOUPl'' 

dispersiDls 

aggregates 

Opalescent, 

some bgg 
disper iW« 
aggregates 

Too e'etir, 

some aarj 
dispers'bte 

nffi^regates 

^ilrl) 'vater 

clear, traW 
Boadi per 
aggregate 
Water de^- 
dispermWe 

agg£tSHi-T 
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ma} bo foiznd usable \\ith 0 05 per cent cholesterol, but none thus fai ha\e gi\en 
satisfactorj titration results \vith 1 0 per cent cholcsteiol 

The Titer in Helation to the Sensitivity of Cardiohpm Antigen — It was al 
read) indicated that an antigen at its titer ma> not iiecessaiily gne coirect 
sensitmt) lesults Table V shons that cardiohpiu antigens containing leci 
thms not approved by Dr Pangboin,* maj give titiation results identical to 
those of antigens containing appioved lots of lecithin It is evident from Table 
V that lecithin Lots 12A and 13 gave satisfactorj titiation results similar to 
results of approved lots of lecithin 


Table V Umfobmit\ of Titilvtiov Results of Sevev Lots of Caediolipiv AvnoEs 
Employing Sevev Diffebevt Lots op Cabdiolipin vnd Five Different Lots of 
Lecitiiiv, FORMUL.V 1 p£E Cent Lecithin 0 1 Per Cent Cardioupin, 

AND 0 025 Per Cent Ciioiestepol 



I DEGREE OP DISPERSIBIUTV OF IIPID VCGREOVTES OF \NTIGEN 

SI SPENSION 

CARDIOLIPIN 

ANTIGEN 

LOT 

AGGREGATES 

NONDISPERS 

IDLE 

1 AGGRECVTES 1 
DISPERSIBLE 
' OPALESCENT I 
1 (TITER) 1 

AGGREGATES 
DISPERSIBLE 
TOO CLE \p 1 

VGCREGATES 1 
DISPERSIBLE I 
Mien TOO I 
CIXVR 1 

1 VGGREOVTES 
DISPERSIBLE 

1 VV ITER 

1 CLE.VB 

C9 Lll 

1 + 08 

Antigen plus Salt Solution {ml ) 
1+09 I + 1 0 1 + 11 

1 + 12 

C3 LB 

1 + 08 

1 + 09 

1 + 10 

1 + 11 

1 + 12 

035 3< lA 

1 + 08 

1 + 09 

1 + 10 

1 + 11 

1 + 12 

013 L12A‘ 

1 + 08 

1+09 

1 + 10 

1 + 11 

1 + 12 

OOR LI3 

1 + 08 

1 + 09 

1 + 10 

1 + 11 

1 + 12 

08 L13 

1+08 

1 + 09 

1 + 10 

1 + 11 

1 + 12 

Oil L13 

1 + 08 

1 + 09 

1 + 10 

1+11 

1 + 12 


Lecithin not approved b> Dr Pangbom. 


The diiTerences in seiisitivit) of cardiolipm antigens prepared with diifer 
ent lots of lecithin having the same titer ot 1 plus 0 9 (Table V) aie illustrated 
in Table VI It is evident from Tabic VI that caidiolipin antigens piepared 
^ith lecithin Lots 12A and 13 aie below the sensitmt) of the other lecithin lots 


Table VI Cojipailvtiv e Sensitivitt op Five Lots of Cardiolipin Antigen Employing 
Five Difierent Lots of CABDioiiriN and Four Different Lots of Lecithin 
Formui«\ 1 0 Per Cent Lecithin 0 1 Per Cent Cardiolipin vnd 
0 02o Per Cent Cholestefol 



LECITHIN 

KAHN 


1 LOTH 1 

LOT IV 

1 lot12\* I 

LOT 13* 1 

LOT 13 


CVRDIOLIPIN 1 

VNTIGEN 


! LOT 9 1 

lOT o 

1 LOT 13 1 

lOT 8 1 

LOT 11 1 

1 LOT 107a 


1 ANTIGEN TITEP 


1 1+09 1 

1 + 09 

I 1 + 09 1 

1+09 I 

1+09 1 

1 1 + 13 


1 (CONTROL) 1 


1 1 

1 

1 

1 (CONTPOL) 

1 

4 4 4 

4 4 4 

4 4 4 

4 4 4 

4 4 4 

4 4 4 

2 

4 4 4 

4 4 4 

3 4 4 

3 3 4 

±34 

4 4 4 


3 4 4 

3 4 4 

3 4 4 

2 2 3 

± 

4 4 4 


2 4 4 

2 4 4 

- 3 4 

+ O q 

2_o_j2 

±44 

0 

3 4 4 

3 4 4 

±22 

- ± ± 

± ± ± 

- 2 4 


4 4 4 

4 4 4 

± ± 1 

± 

— 

3 4 4 


- 4 4 

+ 44 

+ + + 


- 

- 4 4 

9 

- 2 4 

- 2 4 

2 

- - 1 

- 1 2 

- J 4 

^IQ 

--± 

_ _ I 

— 

— 

— 

- - 3 


^ot approved by Dr Pangborn 


Vork State Department of Health 
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In attempting to bung the sensitivity of diffeient lots of cardiolipm antigen 
to a standard level, it was obseived that this can be achieved with eeitam lots 
ot lecithin by meiely alteiing the latio of lecithm-caidiolipm If instead of 
employing a 10 1 latio of lecithin-eaidiolipin, an 11 1 latio is emplojed, in 
Cl eased sensitnity is generallj’’ obtained It, on the other hand, a 9 1 latioof 
lecithin-caidiolipin is employed, the sensitivity is generally decreased as com 
paied with the 10 1 ratio Table VII illustrates the sensitivity results obtained 
on increasing the amount ot lecithin above the 10 1 ratio and on cleci easing tk 
amount of lecithin below this latio 


Table VII Effect of Varying Lecithin Cardiolipin Ratios on Sensitivity, Fothuus 
0 8, 0 9, 1 0, 1 1, AND 1 2 Per Cent Lecithin (Lot 11), Respectively, 0 1 Per Cent 
Cardiolipin (Lot 9), and 0 025 Per Cent Cholesterol 




LECITHIN CARDIOLIPIN 

RATIO 



8 1 

9 1 

10 1 

(CONTHOI ■) 

11 1 

12 1 




ANTIGEN TITER 


— 

SERUM 

1 + 09 

1 1 + 09 

1 1 + 09 

1 1 + 09 

1 1 + 03 _ 


1 

444 

Syphilitic Serums 
444 444 

2 

344 

344 

344 

3 

111 

123 

344 

4 

+ 44 

±44 

344 

D 

2 3 3 

234 

244 

G 

±44 

+ 44 

144 

7 

— 4 

-34 

234 

8 

12 2 

123 

-23 

9 



+ 

-±1 

10 

+ 

+ 

+ 

11 


NonsyphiUUc Serum, 

12 





— 

13 

— 

— 

— 

14 



— 

— 

15 

— 

— 

— 


14-1 
444 
344 
344 
244 
144 
344 
±23 
-±3 
— 3 


441 
444 
444 
444 
344 
344 
244 
-34 
-±3 
— 3 

tti 
+ + + 
-±i 
±tt 
+++ 


OccasionaUv it may be found that the change in the leci ii>i 
ratios from 10 1 to 9 1 oi 11 1 may lead to sensitivity results e\^on j 

standard sensitiv ity In such instances one should try ratios o ^ 
as the case may be Table VIII illustiates the correction of a new o ' 

1 i J1 i ^ 1-v.T- /Tivn nlnvincr a 10 1 1 1^^ 


lipin antigen, undei sensitive in a 10 1 latio, by employing a 

It IS believed that modification of thd lecithm-caidiohpin ^ i,niall 

itself, collect all undei*sensitive caidiolipm antigens It is ' gglution i'> 
change in the titei, such as a slight leduetion in the amount o s jupiea^e 
the piepaiation of the antigen suspension, wiU increase sensi I’ur 

in the amohint of cholesteiol in the antigen should also increase sliould 

theinioie, adjustment of the conceiitiations of the lecithin an ca^^^ liiingH'- 

play a lole m sensitivity These seveial steps should make In ne" 

ot ceitain under sensitive cardiolipin antigens to staiidar jecithimi 

ot the limited availability of caidiolipm antigens witi mciease the sf" 
has not v et been possible to mvestigate all methods which u antigen >“ 

sitivitj' of caidiolipm antigen It should be added that anli^s”’ 

the standard Kahn test, m the present state of oui knoiv ® ° 

Ls emplov ed m this laboratory only supplenientaiy to Ka n a 
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Table vni Effect of Varying Lecithin Cirdiolipin Ratios on Sensitimta as \ Method 
IN Antigen Standardization, Formulas 10 and 107 Per Cent Lecithin (Lot 17) 
Respectivela, 0 1 Per Cent Cardioupin (Lot 11) and 0 02o Per Cent Cholestepol 



lEClTHIN 


LOT 17 

1 lOT 17 1 

LOT 11 


1 ( AllIKOLII IN 


1 LOT 11 

1 LOT 11 1 

1 OT 9 


1 LtClTHlN CARDIOI IPIN RATIO 


10 1 

1 10 7 1 1 

10 1 

SERUM i 


1 1 

(CONTROI ) 

1 


Syphilitic Scrums 


±11 

± 1 _ 

±1 1 


- -*■ + 

-± 1 

-12 

3 

±11 

±21 

±23 

4 

_ + + 

± { 

±3 1 

0 

-34 

±14 

±24 

6 

--4 

-24 

-24 

7 

±34 

± 14 

±34 

8 

--1 

±4 4 

-34 

9 

±34 

±^4 

±..4 

10 

-24 

±34 

±14 

11 

±33 

1 14 

144 

12 

444 

444 

444 



2^^ousyphtUttc Scrums 


13 H 

— 

— 

— 


The antigen titer In each case ^^a3 1 + 0 9 


SVMM ARl 

Standardization methods applicable to Kahn antigen for use in the standaid 
Kahn test are broadly applicable also to caidiolipin antigen foi use in this test 
The titei of caidiolipm antigen with salt solution is obtained accoidmg to the 
^nie procedure as the Kahn antigen titei The tecimique foi establishing the 
i^ensitivit} of cardiolipin antigen with syphilitic and nonN\pliilitie semms is 
also similar to the technique for establishing the sensiti\ity of Kahn mtigcn 
Techniques foi the standardization of cardiolipin antigen to help pio\ide uni 
fomiitj m lesults arc presented in this aiticle 
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PROCAINE PENICILLIN, THERAPEUTIC EFFICIENCY AND A 
COMPARATIVE STUDY OP THE ABSORPTION OP SUSPENSIONS 
IN OIL AND IN OIL PLUS ALUMINUM JilONOSTEARATE AND 
OP AN AQUEOUS SUSPENSION CONTAINING SODIUM 
CARBOXYilETHYLCELLULOSE 

Jay A Robinson, M D , Harold L Hirsh, MD , Bern^vrd Milloff, MD, 
AND Harry P Dowling, M D 
Washington, D C 


O NE of the greatest disadvantages of pemeillin is its rapid eliniuidtion fiom 
the body In order to decrease the frequency of injections manj' attempts 
have been made to delay the absorption or e\cietioii of penicilhn and thus pro- 
long the action of an injected dose Until recently the most successful method 


of prolonging the concentrations of peniciUin in the blood has been the uieoipo- 
lation of penicillin in peanut oil and beeswax ^ With tins preparation a smglo 
injection of 1 c c containing 300,000 units of pemciUm was usually followed h) 
assayable blood concentrations for twenty-four hours ni 90 to 92 per cent of 
patients The intioduction of a fluid preparation obviated some of the diffi 
culties inherent in the admmistiation of this material- Fluid penicillin m 


peanut oil and beeswax was found to be as effective as the oiigmal viscid pi'cps 
lation when 50 per cent of the total relative weight is made up of pai tides oi 
50 IX, or more in length ^ Discomfort to the patient in the form of local pam, 
tenderness, and nodule fonnation at the site of injection, however, still peraistc ^ 
For some time it has been linown that a mixture of concentrated solution® 
penicillin and procaine resulted in the formation of crystals which 
fled as the procaine salt of penicillin Whereas the commercially availa 
(sodium, potassium, and calcium) are highly soluble in aqueous solutions a^^ 
body fluids, the procaine salt is lelativelv insoluble This propel ty 
basis of a neiv principle of penicillin administration As a result o 
solubility of piocame penicillin, a lepositoiy injection of a ji^cn 

salt in oil 01 water results in delayed absorption and prolonged boo 
tiations This report presents the results of oui studies on 
the mtiamusculai injection of procaine penicillin and the tieatnient o p 
with various infections when piocaine penicillin in oil was used 


MATERIALS 

Cry stalline procaine penicillin is usually prepared bj the double e ^ 
sodium penicillin 6 and procaine hj drochloride The original comnierci in 1 ^ 

XKTOTa Qlianan -in ^ ,^,1 ryr\ fLof non units WSrC p jjj 


were suspended in refined sesame or peanut oil so that 300,000 units were 
as a free flowing fluid material Such a preparation need not be penicdh'' 

remain stable for at least one year at room temperature Because the ^itatio“ 

standing separates from the oil and because of the necessity for ugo™ 

:^om the George W'^ashington Unlversitj and Georgetown ^Vishingtc 

sions Galllnger Mun^cipal Hospital and the Departments of 3leaicio<-, 

Unuersitj and Georgetown UnNersitj Schools of Medicine 
Received for publication Julj 7 1948 
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order to re establish the suspension determents such ns T^veen 80 and Span 80 1 have been 
added to facilitate resuspension These measures have been onlj partially successful 
Other investigators* ha\e added aluminum monostearate to the muiture to maintain the 
suspension The addition of aluminum monostearato to procaine penicillin in oil results in 
a gel formation which maintains the suspension of tho penicillin in the oil 

Peanut or sesame oil Mas originally emploved as a vehicle for injecting procaine 
pemcillm since it was impossible to prepare injectable water suspensions of this peni 
cilhn salt Becontly it has been demonstrated that the addition of dried sodium carboxy 
niethylcelluloso to dry erjatallino proeuiuo penicillin results m a stable suspension in 
diluents containing water Sodium carboxvmcthylcollulose in aqueous solution forms a 
118COU3 gel which maintains the procaine penicillin in discrete particulate suspension 
This has eliminated the necessity for the use of oils which have been shown to be anti 
genic and which may cause serious complications if the\ are injected accidentally into 
a blood vessel c 

All of the procaine penicillin preparations can be withdrawn from the vial and 
administered through a 19 or 20 gauge needle For the preparations containing aluminum 
monostearate or sodium carboxy methylcellulosc dry svringes and needles are not needed 
When procaine penicillin in oil is administered, moist needles and syringes may be used 
the injection is made immediately after tho syringe is filled \Ithough we have given 
niuUiple injections of procaine ponicillm in oil from a single siringc without difficulty 
proiided the withdrawal and injections were made within a verv few minutes these pre 
cautions are not necessary with the preparations containing aluminum monostearate or 
sodium carboxymethylcollulose 


STUDIES ON ADSORPTION 

The concentratious of penicillin m the blood at various intervals were deter 
Dimed according to the method of Randall and associates^ follotsing the mtra 
muiculai. injection of (1) procaine penicillin in oiJ,i (2) procaino penicillin in 
Oil plus aluminum monostearate,! and (3) procaine penicillin plus sodium car 
boxymetliy Icellulose in aqueous suspension || The results are e\pressed both as 
percentage of patients having assayable concentiations ( 03 units pei cubic ceuti 
Dieter oi more) and as the median concentrations at the various intenals tested 
As shown in Table I all of the patients ^^ho received a single or initial in 
Jeetion of 300,000 units of procaine penicillin in oil (1 cc) had detectable 
levels at one, foux, twelve, sisteen, and twenty hours Only an occasional pa 
bent failed to have an assay able level at the twenty fouith hour About one half 
the patients had measuiable levels at the thiity sixth hour and about one third 
the forty eighth hour The median levels at vaiious houi-s are also shown 
m Table I 

While this study was in progicss, several of tlie coinmeiciallv available lots 
Df piocame penicillin m oil were found to be inferior in tliat only about one half 
to one thud of the jjatients had detectable levels in the blood at the twenty 
fourth Iiour following the injection of 300 000 units of piocame penicillin m 
011 (1 c c ) ® It was found that in convei-sion to mass pioduction cry stalhzation 
carefully controlled, so that laige particles of piocame penicillin were 

so Sorbitan mono oleatc pol>poxjalkjlene derivative 
t pan 80 Sorbitan mono oleatc 

^nJlanap^o*l{3**?n(?^ Pfizer &. Compan> Inc Brookpn N T and Eli Lni> £. Company 

jSuppiied b> Bristol Laboratories Inc. S>racusc N 1 
' applied b> VVjeth Incorporated Philadelphia, Pa 
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least twent>-flve patients were studied at each time interval indicated lor the var 
Method of Randall and associates’ detecting 0 03 unit per cubic centimeter and higher 
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produced In grinding these paiticles to sizes cajiable of passage thiough 19 oi 
20 gauge needles, lelativelj large amounts of piocaine penicillin dust or flour 
were produced The flne paiticles compiising this dust or flour are dissolved 
and absorbed relatively rapidh so that prolonged blood concentiations are not 
maintained (The inanufactuicis ha\e taken steps to eliminate the fine pai 
tides from then preparations ) Theiefore the blood concentiations obtained 
after the injection of prepaiations of this kind aie not included in Table I 
The percentage of patients and the median blood concentrations folIo^\lng 
the injection of 300,000 units of procaine pcmeillin in oil plus 2 pei cent W/V 
alnmmum monostearate are also shown in Table I It is apparent that the addi 
tion of aluminum monostearate not only stabilizes the suspension of procaine 
penicillin lu oil but also lesults lu piolongation of the concentiations of 
penicillin in the blood Preparations containing paiticles of penicillin less than 
5 in size resulted in measurable blood concentrations in all patients at twentj 
four, forty eight seventy two ninety six and one liundied twenty hours aftei 
injection When large particle piocaine penicillin crvstals aie employed in this 
mixture the concentrations of pemcillm m the blood are not so prolonged * ® 
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1 “Curves of the concentration of penicillin In the blood following Intramuscular Injqc 
tlon of 300 000 units of procaine penicillin G suspended In \arious Nehlcles 


Included m Table I are the data obtained foUo\ving the injection of 300,000 
nnita of procaine penicillin plus 3 5 Gm of sodium caiboxjTuetlijlcellulose con 
tamed mice of aqueous solution All of the patients studied had measurable 
’e'els at suxteen tiventj, tweutj four thirtj six fort} eight and sixty hours 
"enty five per cent had assayable levels at seventj two hours 


The median concentrations at the various intervals foi all three prepara 

•tons have been plotted in Fig 1 

Blood concentrations were detennincd in seventeen patients who were re 
'et'ing 300 000 units of the procaine penicillin in oil preparations every 
Ittelve hours and m fourteen subjects who received 600 000 units (2 c c ) every 
'"■ehe hours Upon such regimens the blood concentrations at the twelfth hour 
"■We at least 0 125 unit per cubic centimeter and usuall} 0 25 and 0 5 unit per 
'"“1C eentuneter There were no significant differences between the two doses 
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CLINIC-VL, STUDY 

We have tieated 251 patients with various infections with pioeaiae peni 
eillin m oil All the patients received plain piocaine penicillin in oil except the 
patients xvith gonoiihea xvho xveie tieated with the mateiial containing alumi 
num monostearate The lesults and plans of theiapy aie sumniaiized in Table II 
Eighty-nine patients with pneuinoeoeeic pneumonia of loiown type or lufli 
findings and a couise chaiacteiistie of pneuinoeoeeic pneumonia weie tiealed 
xvith 600,000 units of piocaine penicillin in oil (2 e c ) every twelve lioiiis uutil 
they weie essentially afebrile foi foity-eight to seventy- two lioiii's Thecounc 
was similai to that seen with the use of othei penicillin piepaiations, and iv 
cover y was uneventful in all patients These large doses were emploiedasa 
part of a study to evaluate the effect of massive doses m pneumonia Other 
investigators^® have found that 300,000 units a day foi similai peiiods give 
satisfactory results 


Table II Dosage Schedules and Results op Treatment op Various Infections With 

Procaine Penicillin in Oil 
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urethral discharge One of the patients was treated with 300,000 units of pro 
came penicillin in oil everj tnelve hours Onlj slight improvement was noted 
after five dajs at whicli time the dose was increased to 600 000 units everv tvvelve 
hours and rapid improvement ensued The second patient received 300 000 units 
ev eiy tii elve hours for sev en daj s vv ith good i esults These patients are included 

Jam"* a 

I regnant, who had a profuse vaginal discharge and arthntis of the wrists 
Gonococci were not isolated from eultuies of the vaginal disehaige The patient 

given 300,000 units of procaine penieillin in oil evei, twelve hours for smeJ 
aavs with rapid legression of tlie eemeitis and arthritis 

Two patients witli acute bacterial bronchitis and three witli acute smusitis 
'^“<=<!essfull} One of the patients with acute sinusitis also 
“"native oigamsm being a pneumococcus 
0, J a ? (2 ce ) ot procaine penicillin m 

four davs The tempeiature dropped to normal within tvvelve 
tmJ . d’seharge became less pmulcnt and viscid and was gone at the 
tune treatment was discontinued 

davf Vincent’s infection of the mouth leeeived 300 000 imits per 

y or three dajs Relief fiom soieness was reported within tvvelve hours and 
tne ^ms appeared normal at the foitj eighth hour 

uniti r* ptttieitts with acute follicular tonsillitis were treated with 300,000 
soreno! penicillin in oil per dav for five dajs Pain on swallowing and 

homnlvt, lapidl} and the evudatc promptly disappeared A beta 

mcnt ^ ° ™eptocoeous was isolated from the throat of one patient before treat 
ent was started and was not found theieafter 

the ^vlth tjphoid fe\er the bactenologic diagnosis was made on 

^ ourth hospital day After several dajs during uhicli tune tliere was no 
that theiapy it was decided to institute a routine similar to 

Six Comerford and co workers” in the treatment of typhoid carriers 

houj*"!^ of sulfathiazole were given initially followed by 1 Gm every foui 
MX h " uuodion 300 000 units of procaine penicillin in oil were given even 
cultu"""^ stram of typhoid bacillus which was recovered from the blood 

PcniciiT *’0 resistant to more than 20 units per cubic centimeter of 

twelftl "h "uoueas the blood penicillin concentrations prior to injection at the 
vcnira* Th"'" found to be between 1 and 2 units pei cubic centimeter of 
^his n improvement aftci five days and therapy was discontinued 

®h vva ‘^h'’hloped an abscess on the buttock from which the typhoid organ 
thoui»h ^ source of tins local infection was not established al 

ucodFcs d that the bacteiia were carried in from the skin by the 

svnmi„ t’’*ug injections of procaine penicillin This patient later recovered on 
P'cmatie treatment 

"ijcction ''"J f^^uted fifty seven patients with acute gonorrhea using a single 
stearat°" 'r 2^0 000 units of piocaiiie penicillin in oil plus aluminum mono 
Pctients patients were followed for a period of twenty one davs All the 
Pcvltroat'^^"'*^"^^*^ except one who suffered a possible relapse during the third 
durin It IS believed however that this patient was re exposed 

^*‘{5 tne interim 
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\nothei ad\ outage of piocame peinciUui preparations is the paucity of 
local reactions Beeswax, A\hieh acts as a foicign substance and uhich may be 
antigenic, lias been eliminated We Iia\e not been able to demonstrate anj sen 
sitivity to procaine penicillin 

The maintenance of continued blood concentiations makes procaine peni 
cillin 111 oil mole desirable in the treatment of infections requiring short courses 
and moie feasible in the cases requning long courses The lesults in the patients 
treated have been good The only patients in whom no improvement followed 
the administration of piocaine penicillin weie the patient with typhoid fe\ei 
and the one witli acute goiiorihea who piobablj had a reinfection 


SUilllVRY IND CONCLUSION 

A new peiiicillm salt inoeame penicillin, incorporated in oil in oil and 
aluminum monosteaiate and ^vlth sodium ca^box>^neth^ Icelhilose in an aqueous 
solution has been studied 

The concentrations of penicillin m the blood at \arious internals have been 
deteimined followmg intiamuseular injections The results aie expressed both 
percentage of patients liaving assa>able levels and as the median levels at 
the vaiious intervals tested 

Alimmal local leactions and no systemic reactions were obseiwed even 
hough twent) nine patients icccivcd a second course 

Therapeutic lesuIts in patients with various infections were similar to those 
obtained ^vith penicillin m othei dosage forms 

It IS concluded that procaine penicillin is a superior prepaiation foi re 
Positoi-v penicillin theiapj since it does not require tlie use of dry syringes and 
needles, is followed bj ven few local reactions and lesults in more prolonged 
lood peuicillm concentiations than any peniciUm preparation yet studied 

wish to thank Dr Mark H Lopper Dr Robert L Bnckhouse and Dr Thomas E 
clinical assistance, and Mrs Joan Brojhill Miss Myrtle I Meyer Miss Helen 
S *, and Miss C Barbara 0 Noil for technical assistance 
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ACQUIRED RESISTANCE OF PSITTACOSIS VIRUS TO 

sulpjVdiazine and effects of chemical 
jIntagonists on sulfonajiide activity 

Orville J Golub Pii D • 

Camp Detbick, Frederick Md 

yHE susceptibility of meiiibeis of the psittacosis Ijiupbogranuloma group of 
iinises to sulfonamide activity has been sbonii to varj eonsideiablj depend 
ing on the virus strain, the drug tested and the host tissue employed ' ^ Anion" 
He viruses found to be susceptible to sulfadiazine was the 6BC strain of psitta° 
TOsis Virus originally isolated by Dr K F Mej ei It was shown that although 
ICK embryos and mice could be protected from the lethal effect of the infection, 
recovered fiom the tissues in most instances indicating 
1™ completely inhibited Jones Rake and Steams' isolated 

^paogranuloma venereum virus from mice treated uitli diffeient sulfonamides 
snlfnth 1 Strains in other mice maintained on a diet containing either 
sulfadiazme Four out of eight strains appeared to show an 
increased resistance to the drag theiapy 

the considered of interest to investigate further the susceptibility of 

nm, L psittacosis virus to sulfadiazine to test the effect of para 

aotmi (PABA) and pteroylglutamic aeidt (PGA) on sulfonamide 

y, and to develop a strain with inei eased lesistance to sulfadiazine 


JIATERIALS ATJD METHODS 

strain of psittacosis virus was used tlirougliout this study Yolk sac pas'tages 
^ a drv ^ ^ Buspoasions by iieight m nutrient broth; frozen and stored 

broth as From these stock preparations farther tenfold dilutions were made in 

old considenng the 10 per cent suspension os a lO-i dilution Eight to nine 

*bojoko*^°^ donated eggs from Whito Leghorn chickens were used for inoculation into 
ra 'ihich th° estimations of virus activity were performed by tlio single dilution methods 

eaploymp ^ of death of a group of eggs is used as the basis for the end point 

for t determined standard curves for this strain of virus Eggs were candled 

stances a twenty four hour intervals from the tune of inoculation In many m 

although if^ ^ average day of death was the onlj available criterion of drug effect 
Pressod effective drug was employed in higher concentrations differences could be c\ 

Sod^ cent of surviving eggs 

acij were*^ sulfadiazinC; sulfathiazolc sulfonilamidO; sulfamcrazme and para aminobcnzoic 
•trough f desired concentration m distilled water and sterilized by filtration 
P^aaiOQ 1 glass filters Just prior to inoculation the drug solution and the virutf sus 

^as mad ^ "cre mL\ed m tho desired proportions The pteroylglutamic acid 

before tho ^ sodium salt in distilled water and inoculated into the eggs one half hour 

RweJved for publication June -4 1S48 

tThe*^*t^ address Bio Science Laboratories Inc. Los Angeles Calif 
by Lederie t add used was a commercial preparation Fohlte manufactured 
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RESULTS 

Siisceptihihty of the Noimal 6BG Stiain of Pnitacosis Vims to Sulfaduunc 
(SD) — Stock seed of 6BC jolk sac viius of known titei in eggs was diluted m 
biotli to 10'^ tliiongli 10'® Equal volmnes of these viius suspensions wen 
mined ivith solutions of sulfadiazine containing 0 5,0 25, oi 0 125 nig per 0 1 
ml 01 with sterile distilled watei as controls Gioups of twelve eggs were 
inoculated with 0 2 nd of these imxtuies bj' the yolk sac loute On tlie tenth 
daj' of the enpeziment the yollc sacs iveie Iiai vested fioni foui h\mg eggs of 
each gioiip leceivmg 0 5 ing of sulfadiazine To deteiimne the viius coneen 
tiation of the membiancs at this peiiod, each volk sac pool was giound mth 
steiile glass beads, dilnted with steiile bioth to a 10'- dilution, and nioculated 
into thiit\ eggs The lesults aie shown in Table I 


TvBIE I SlSCEPTIB^Lm 01 THE OBC StKAIS of PSITTICOSIS VlHLS TO VlRlIVC 
Concentrations oi 6>iLPAnivzi\E 


INCiCVlUM 1 


1 

LDjiOFvms 

FFOMCnlAGEGGS 

1 ON tevm 

\IRtS 

(, LPm dosfs) 

SCI PVDIVZINE 
(MG ) 

d/t* 

average D\\ 1 

OP I)F ATM 1 

104 S 

0 0 

1/12 

90 

jO-6 40 


0 25 

n/12 

80 



0 125 

11/11 

0 C 



^^one 

10/10 

4 2 


lOA s 

0 5 

2/10 

95 



0 25 

S/ 9 

S 1 



0 125 

9/ 9 

(>9 



Mone 

11/11 

5 1 

10 5 00 

10-’ S 

0 0 

0/10 

— 


0 23 

7/11 

S 3 



0 123 

12/12 

S 2 



None 

12/12 

5 -i 

10-’ ” 

101 S 

0 3 

1/12 

10 0 


0 23 

4/10 

9 3 



0 125 

5/10 

9 -i 



N^one 

11/11 

a 9 

~ 


*Deail mice per total inoculated , , . 0t> niS Of 

tPooled ^olk sac niatprial from four eggs of gioups Inoculated 
diaziTu 


A deciease in the coucentiation of the iiius inoculum lesu ® ^ 
maiked eftect of the ding Howevei, even with tlie most coneen 
inocnhmi, 10^® doses, a definite delay m death of the em rios 
with 0125 mg of sulfadiazine, although the moitalitj was 100 
LD-o figuies in the last column show that although maiij enibiios wei^ 
b\ 0 5 mg of sulfadiazine, in each case actne viivis w'as lecmeia 
A oik sacs 111 considei able amount plaof 

Antagonistic Action of Pai a-Aminohenzoic Acid (PA antagorit'l 
glutamic Acid ('PGAj — Paia-aminobcnzoic acid as a competi pj/idi-n’’ 

sulfonamides is w'ell documented m expeiiments wuth 
fnithei lepoitecl an expeiiment in which the effect oi suUam 
gianuloma veneieimi viiiis adininisteied mtiaeeiebially 
cousideiabK by paia-ammobenzoic acid m the diet n 
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Graessle, and Dusenberj^’- 'v\eie unable to confirm Findhv s icbults and siig 
gesttd tliat tile inode of action of the sulfonamides on IvnipliogianuJoina \ene 
renin Mriis differed fioin then action on othei susceptible agents 

Pteiojlglut innc acid also has been shorni to antagonize sulfonamides, but 
this compound acts probablj in a noncompetitive mannei and is quantitativelj 
less effective than paia aniinobenzoic acid ** 

Shoitlv aftei the completion of oiu vvoiU a leport bv Jloigan*^ appeared 
ill nhieh antagonism of sulfadiazine inhibition of psittdcosis wins hi paia 
aniinobenzoic acid and pteiojlglutaimc acid was leported \ competitive in 
Iiibition b} pai-a aniinobenzoic acid vras mdicated vUieieas pteiojlglutamie acid 
wap said to be noncompetitive m action As little as 0 Oa mg of ptcrov Iglutamic 
acid \va^ repoited to be sufficient to antagonize 2 5 mg ot sulfadiazine in eggs 
infected with 10,000 LDgo doses Apparenth smvival oi death of tlie eggs 
daring the ten da} observation ptnod was the onlv euterion consideied for 
antaoomsm of the sulfadiazine actmtv hioni t)»e tibulated lesiilts 01 mg 
of pterovlglutamic acid antagonized (all eggs dead) as much as 50 mg of siil 
fadiazmc Our results arc similar to those of lAfoigan with para aniinobenzoic 
acid but mav differ somewliat m the expeiiments with ptciovlglutamie acid as 
i\ill bo seen from the data presented below 
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Paia-aminobenzoic acid was tested quantitatively foi its antagonistic ac 
tivity to sulfadiazine, employing the BBC strain of psittacosis viius m eggs 
The stock viius was diluted to 3 x IQ-* in M/15 phosphate buffei solution 
at pH 7 5 To aliquots of this virus suspension were added, just befoie mocula 
tion, equal volumes of sulfadiazine solution (1, 0 33, oi 01 mg per 01 ml) 
and paia-aminobenzoic acid solution (10, 10, oi 01 y pei 01 ml) Distilled 
Avatei was substituted foi the chemicals in the eontiol tubes Each nimturewas 
inoculated into thirty 8-day-old eggs by the yolk sac route, using 03 ml pei 
egg The eggs were candled dailj'^ for the usual period of ten days Fig 1 
shows the results obtained in terms of the average day of death of each gioup 
of eggs 

It can be seen by comparison of the values for the aveiage day of death at 
the different sulfadiazine levels that complete or almost complete antagonism 
occurred with 10 y of paia-aminobenzoic acid against 1 mg of sulfadiazine and 
with 1 y of paia-aminobenzoic acid against 01 mg of sulfadiazine, nhieh is 
erideiice of competitive action Even 0 1 y of paia-aminobenzoic acid manileated 
some antagonistic effect in the presence of 0 33 mg of sulfadiazme, the average 
day of death was reduced from 9 7 in the control eggs to 7 6 m the test eggs 
The relation between the concentration of sulfadiazme and the average dai of 
death appeared to fall in a linear fashion vnthm the ten day obsei ration period 


Table II Avtagovism by Pteroylglutamic Acid of Sulf^vdi vzive Acirnn Ac mast 
Psittacosis Virus, 10,000 LDm Dose 


PGA 

sd 


MORTALITV 

(MG ) 

(MG ) 

ADD * 

RATIO 

None 

None 

4 20 

25/25 

None 

1 

8 00 

3/20 

None 

5 


0/22 

01 

None 

4 03 

22/22 

01 

1 

7 00 

25/26 

0 1 

5 

8 00 

12/25 

05 

None 

412 

25/25 

05 

05 

1 

5 

4 55 

4 43 

22/22 

2'^/23 _ 

•Average daj 

of death living eggs not included 
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Comparable experiments with pteioyl glutamic acid as r,,- 

this compound to be less effective than paia-aminobenzoie acid ^ tested 
suits, however, prompted investigation of higher conceiitiations tlian 
by us Accordingly, 01 and 0 5 mg of pteroyl glutamic acid, 

It? sodium salt, were tested against 1 and 5 mg of sulfadiazme m ' aud 

as used bv^ Morgan In order to duplrcate condrtions, the joDoiud 

and sulfadiazine were inoculated as a mixture in a volume of 0 -o m jj 
by inoculation of approximately 10,000 LD^o Results are 
m which the average day of death is listed along with the per c 
as an indicator of antagonism of the sulfadiazme activity ^ pp 

It can be seen that 0 5 mg of pteioylglutamic acid d.U’ 

5 mg of sulfadiazme to the extent that all the eggs died and t ic 
of death (4 43 and 4 55) closely approached the figure foi the con 
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tiiat senes (412) Smce it has been sho^vu® that the grou*th rate of the mtus 
m the >olk sac is mirrored in tlie average time of death this measurement is 
considered to be a more delicate ciiterion for the degree of antagonism everted 
If Mrus groA\'th is allowed to continue m a uoi*mal fasliion the average da> of 
death of the test eggs ■will be ■vei*} close to that of the control group and would 
indicate complete antagonism With 01 nig of pteimlglutaraic acid although 
consideiable antagonism is evident against 1 mg of sulfadiazine where only 
one of tnentj six eggs sumicd the aveiage da\ of death was 7 00 as compared 
inth 403 for the contiol Against 5 mg of sulfadiazine approxuiiateh half of 
the inoculated eggs survived and the remainder showed an average dav of death 
of SOO These results indicate that the antagonism bv pfeiovlglutamic acid 
IS not complete unless heavj concentrations are emplov ed When 0 1 mg ot 
pteroylglutamic acid was tested agamst 50 mg of sulfadiazine eleven out of 
eighteen eggs survived and the eggs tliat died had an average dav ot death of 
830 compared with 4 23 for the contiols It is possible that free para ammo 
benzoic acid as an unpunty m the pteroylglufamic acid preparations lna^ be a 
factor m the activity shoivn 

It should be mentioned also that m even instance m which pterovlglutanuc 
acid was inoculated vnth the varus in the absence of sultadiazine the average 
<fay of death of the eggs was slightly lower than that of the controls Although 
the differences were small between 01 and 0 5 davs thcv were consistent and 


suggest a slight stimulating effect of this compound on the growth of the virus 
Smce the reports m the literature*® ** concerning the antagonism of para 
ammobenzoic acid to sulfonamides witli lymphogranuloma vencieum were con 
tradictory, an attempt was made to test the effect of this antagonist agamst 
sulfadiazine usmg lymphogi’anuloma venereum virus in cmbrvonated eggs 
Stock lymphogranuloma venereum viius of volk ^lac origin was diluted to 
Equal volume mixtures of the vinis suspension with sulfadiazine solution (0 2 
per 0 1 ml ) and/or para anunohenzote acid solution fO 01 mg per 0 1 ml } 
^ero prepared and inoculated into gioups of thirtv 8 dav old embiwonated eggs 
bv the jolk sac route Distilled water was substituted in the control tubes 
The eggs were candled dailj for ten dajs 

■Although all the eggs inoculated with the control prepaiations that is 
virus alone or virus with para ammobenzoic acid were killed none died of 
those receiving wins plus sulfadnzme and onJv two of twenlv seven eggs died 
of those receiving both sulfadiazine and para ammobenzoic acid wath the vims 
further duplicate volk sac pools of livong eggs collected from eacli group on 
the tenth daj of mcubatiou did not mdicatc anj significant differences in vnnis 
(Content between those eggs receiving an inoculum of sulfadiazine alone and 
those receiving sulfadiazine with paia ammobenzoic acid Thus it is apparent 
that the para ammobenzoic acid did not antagonize the action of the sulfadiazine 


^ It did when psittacosis virus was employed as the test agent These results 
tt^nd to confirm the negative findings of Seeler and co workers” with this agent 
^■fih the mouse as test anmial 


^cicJopmcnt of a Sulfadtazvte Resistant Strain of Psittacosis T in/s — In 
order to develop a resistant stiam the stock seed of 6BC virus diluted usually 
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to 10"^, was passed five times bj'- the allantoic loute in the pieseuee ot 05 mg 
ot sultadiazine Veiy lew of the eggs thus inoculated died diirmg the ten da^ 
obseivation peiiod, so allantoic fiuid fioin living eggs was hai vested foi passage 
on the thud to the eighth day Little oi no ineiease in lesistance to tlie sul 
tadiazine was noted duiiiig this peiiod upon test eithei by the allantoic or 
volk sac lOute It was again shown, howevei, that the allantoic fluid from Inmg 
eggs inoculated Asnth viius and sulfadiazine liarboied active vnus, otteii in con 
sideiable concentiation, titrating to LD,o values as high as 10" ^ Yolk sw 
mateiial vas hai vested from five eggs, dead on the tenth day, which had iccened 
an inoculum ot virus tiom the fifth sulfadiazine passage, plus 0 5 mg of sul 
fadiazine This passage virus, 6BC-SD-6, when compared with the paieiit iins 
in the presence of 0 5 oi 0 25 mg of sulfadiazine, showed some me leased luist 
anee as manifested by a i eduction in the average clay of death ‘When the dnih 
giow'th of this passage virus in the yolk sac was compared wuth that of the parent 
stiain in the presence and absence of 0 5 mg of sulfadiazine, the cuue of the 
6BC-SD-6 strain lay highei than that of the normal strain m the presence of 
sulfadiazine, but lowei than in its absence This indicated only partial usut 
ance of this passage virus to the diug This strain w'as then passed foiii more 
times in a 10'- dilution by the yolk sac route in the presence of 0 5 mg of su 
fadiazine, employing yolk sac mateiial harvested fioin dead eggs on the tii 
to the fifth da 3 ^ The final harvest, having lieen passed a total of ten times in 
the piesenee of this diug, was labelled 6BC-SD-10 

The LD_n titei of this viius m eggs by the lolk sac loiite w'as 10 
giowfih curves of this strain w'exe compared with those of a parent stoe s la 
of the same initial titei Each vnus was diluted to a 10'^ dihitioiun 
and mixed wuth an ecpial a olunie of sulfadiazine solution containing 0 o m? P 
0 1 ml 01 distilled wmtei as a control Groups of S-day-old eggs w'Oie mocu 
by the volk sac route with 0 2 ml, and at intervals of four liouis am 
three, four, and six davs yolk sac pools were harvested iioni tour 
each group as long as thev wcie available These pools w'eie then ji, 

bv^ the single dilution method in tw'entv-foui eggs The results aie si 


^ riL 

It IS apparent that the growth of the sultadiaznie-iesistant stiaii 

6BC-SD-10, in the presence of 0 5 mg of the ding was piactica ' \ll 

that of the same strain 01 the stock strain in the absence stock strain 

of these eggs were dead by the fifth day On the other han , m 
in the presence of the sulfadiazine showed definiteh slower ,imnor> 

a group of thiitv separate eggs ot this senes, there were 41 dipped toni 
at the end of ten davs This strain was further shown to have ^ul 

plete resistance to 0 2 mg amounts of sulfathiazole and sn aii^^^ the 
fanilaniide, in the same concentration, had no significant c ec 
sti am, so that no differ eiice was detectable with this coniponiic ^ pajMge-s h'" 
Following tiaiisfei of the 6BU-SD-10 strain thiough ten laP ,|,e u)!k 


liclllSLCl Ui Lilt; ^ tltCl in 

the yolk sac loute 111 eggs in the absence of sultadiazine, tu preaii ''' 

sacs leached appioxmiatelv 10'^“ When retested ioi 

of 0 5 mg of sulfadiazine, it vvms found to have letaine eonii 
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lliii) conccntiation of the (liiig It was then tested against coiicentiations of 
sulfadiazine as high as 20 iiio per c^g md complete icsistaiiec w is still esident 
Smco cousideiable sai-us of t normal stiain is enabled to giow out in the pies 
ence of sulfonamides, it is possible that selecti\c bieedin,, plu^s in important 
role m the development of a highlj lesistaiit piogenj lepeated passage 



Growth curves of stock strain and res! tant struln of psittaco Is \iru3 In the pro tnee 
md ubsence of ulfadluzin^ 


allantoic fluid piepaiation of the icsistaiit attain nas initulh purified 
J*' ‘'Oieral ejcles of ceiitiifiioation and c-Miiiined undei flic electron mieioscopc 
siniiifitaiit differences iii inoipliologt neic toiiiul to distiiioUisli it from 
‘'“inlar picpaiatioiis of the paieut \irus 
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SUMlklARY 

The 6BC strain of psittacosis viius, although quite susceptible to the action 
qi sulfadiazine in eggs as shoira by reduced moitahty, multiplied to a consider 
able extent in the presence of the ding 

Paia-aminobenzoic acid was found to be a highly effective antagonist or 
sulta^azine mth this virus in eggs, and a competitive lelatonship was sag 
gested A similar test with the viius of lyniphogianuloma veneieimi did not 
show any antagonistic effect 

Pteioylglutamic acid was found to lequiie eonsideiably higliei concentra 
tions foi demonstiation of complete antagonism against as little as 1 mg ot 
sulfadiazme, although partial antagonism was demonstiable against 50 mg ot 
sulfadiazine 

By repeated passage of the 6BC virus in the presence of sulfadiazine, a 
strain was developed which was completely resistant to 20 mg of the dnig men 
after ten passages through normal eggs Concomitant resistance of this straui 
to sulfathiazole and sulfameiazme was also demonstrated No nioiphologie 
difteiences between the resistant strain and the parent virus weie observed 
with the election microscope 

The aiUlior gratefully acknowledges the teclmical assistance of Miss Vivnii Iwlrcw 
and John C Young, PhM3c 
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THE EFFECT OP NICOTINIC ACID AMIDE ON EXPERIMENTAL 
TUBERCULOSIS OP WHITE MICE 


D McKenzie, B S , L JIalone, S Kushneb, Ph D J J Oleson, Ph D , 
AND Y SuBB vRow, M D Ph D 
Pearl River, N Y 

INTRODUCTION 

I N SCREENING some two to three thousand chemicals against the tiibeiele 
bacillus on the chonoallantoic membiane of the chick embi-jo we' found that 
15 per cent of the compounds were mhibitorj Later all of these active chemicals 
were screened according to a technique that utilizes white mice This technique 
was mtroduced by two Russian workcis, Shpanier and Chertkova' m 1944 and 
by Youmans and McCarter' in tlus country in 1945 

In the Russian repoit the mice were infected by an intravenous injection 
of 0 5 mg of a 2 week old culture of the human type of tubeicle bacillus, HsjRv 
They were treated with intianiusculai injections of the chemical suspended in 
oil, leceiving ten such injections m fifteen days Eialuation of the results was 
made by culturing a suspension of the parenchymal oigans on egg medium 
and after one mouth ONammiUo for macroscopic growth of the tubeicle baciUus 
In this country Youmans and McCaitei' developed the technique of pio 
ducmg evperimental tuberculosis in mice and established a readily reproducible 
hat Thus they contributed a convenient m vivo method of screening a laige 
numbei of compounds They injected mtiavenouslv 0 1 mg of a TB suspen 
Sion made from a 3 week old cultuie Youmans* ' used this technique with 
considerable success in demonstrating the activity of stieptomycin and latei 
the ictiv ity of para amino salicy lie acid 


EXPERIMENTAL 

Swiss mice* vveighuig approximately 17 to 20 gianis weie used m oui ex 
Periments These were infected intravenously with 0 25 iiig of a T B sus 
Pensiou (HjjRv) made from a 14 to 18 day old cultuie Animals so infected 
and left untreated usually died in three to three and one half weeivs Though 
there was no apparent loss of weight in the first one to two weeks, the animals lost 
''’eight m the lattei stage of infection, and at the time of death they usually 
"■eighed 15 to 18 giams Poi the most pait oial treatment of infected animals 
"as begun on the day after inoculation The compounds were administered in 
e diet The diet consisted of ground Rockland mouse pellets 

Mature of Infection — Though the bactena were given intiaveiiously, there 
"■as no generalized miliary tubeiculosis Instead the disease seemed to be 
centere d niamly in the lungs the other organs such as the liver, spleen, and 

From the Lederlo Laboratories Di>Islon Vmerlcan Cjananild Companj 
for publication June 6 1048 
Obtained from Tumblebrook Farm Brant Lake, N 1 
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I^Tiiph nodes ^\cie but sliglitlj iiuohcd The mfectiou in tlie lungs at the time 
of death uas extcnsne, \aiMng fiom discrete white nodulai patches to c\tieme 
consolidation of whole lobes 5IicioseopicalI\ these nodulai patches showed 
waning stages of consohdation, caseation md nionoc>tic and 1^'mphoeytic in 
filtration to i meie prolifeiation of tissue Numeious clumps of acid fast bacilli 
i\cie obsened thioughout the tubeicles 

Chmotlmainj — The apparent tubeiculost itic aetivit-\ of pMidme cai 
boxylic acid on the ehoiioallantoic memhiaiie of the chick embijo led us 
to repeat all of tlie ictnc compounds in infected mice Foi the most pait these 
compounds weie fed in the diet Of this 1,1 oup nicotinic acid and its amide 
seemed to be the most actue compounds fonscqiunth ICushnei and co 
iiorkeiV synthesized 1 senes of tliut\ den\'iti\es oi nicotindinide cithei in the 
form of substituents in the aeid amide ^roup m as nucleai substitutions These 
^\ere tested in mice by the technique alieadA desdilicd The lesults are gnen 
m Table I, but the chemical synthesis and piopeities ot these compounds aie 
published elsoyvhcic'’ Nicotinamide was the most act]\e chemical tested All 
1 1 C chaises mtioduccd into the nicotinie acid amide molecule eithei nicieased 
tbe toxicity 01 reduced the actnity or both 


The failure to inciease the actnity 01 e\en to letain the activity of nico 
time acid amide by any slight alteiation in the molecule led us to suspect that 
might be dealing yvith the specific activity of a yitamin ( alculatiiig from 
our results with nuce, on a weight basis the tlieiapeutie dose 111 liumau beings 
jvould be about 100 to 125 giams — a dose which could not be tolei ited by the 
i^aii subject So othei \itamms weic tiied at 0 1 pei edit concentiation in 
he diet yvith or yvitJiout a smallei amount of nicotinic acid amide Of these 
only iiboflaym seemed to hayc a slight eflfcet in seeming the desiied end of 
I'cducing the total tieatmcnt dose of the nicotinic leid amid Sec Table II 


lu addition, possible naturally occuiiuig precmsois of nicotime acid amide 
such as try-ptophaiie and 3 hydroxy anthianilic acid wcic attempted as chemo 
but all yielded negatiye lesults 


Resistance of the Tubeicle Bacilli to Nicotinic Acid Amide — One of tlie 
possible disadyantages of stieptomycin in the treatment of hxunan tulieiculosis 
that the organisms become lesistnnt to stieptomycin in the couise of time 
i^dar resistance studies yveic made in icguid to the possibility of the or 
gauisnis hecommg lesistant to the nicotinic acid amide, The oigaiiisms were 
recovered from tlie luousB i«e\uoiislv tie-itcd with meotiiiic acid amide and 
'altured on egj, medium The bacterial growth was iisusiiended and used foi 
wfcctmg the test mice Pi\e mouse passives showed little eeidenee of lesistuiiee 
° the tubeicle haeilli but latei passages showed some e\idince of icsistaiicc 


However, wlien the suspension of the lung excised fiom the mouse tint 
“ti been treated with a combination of nicotime acid amide and stieptomvcm 
"“s placed on egg medium such a sparse gionth appealed aftei a pioloiigcd 
Period of mcubatioii that wo believe a vciv much moie i educed numher of 
tile organisms existed m the lungs than vrhen stieptomvcm was administered 



Tabl> II Eiflct 01 Tkeatinq Experimental Tuberculosis of White Mice With Nicotinic Acid Amide in Combination With 

Different Vitamins 
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SHMMABi 

The oral admmistiation of 0 5 to 0 75 per cent of nicotinic acid amide m 
the diet mil markedly suppiess the spread of tubeiciilosis in expeiimentallj 
infected mice 

This amount of nicotinic acid amide m the diet was apparently roughly 
equivalent in aetmty to injections of 1 mg of stieptomyem four times daily 
over the same test period 

We wisli to expre«!3 our appreciation to Miss Florence Anderson Miss Barbara Gosford, 
Mr Samuel Smith, and Miss Hester Snider for their technical assistance 
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POEPHOBILINOGEN TESTS ON A THOUSAND mSCELLANEOUS 
PATIENTS IN A SEAECH POE FALSE POSITIVE EEACTIONS 

Egbert L Hammond, M D and JMerrill L Welcker, j\I D t 
Worcester, Mvss 


I N THE last decade acute idiopathic poiphj’^ria has been accoided lueieasing 
attention as evidenced by iiioie fiequent clinical lepoits of the disease, le\lel\'^ 
ot the subject, and the desciiption® of a new simple diagnostic laboiatoi') pro 
ceduie It seemed pertinent to study the Watson and Schwaitz poiphobiliuogen 
test^ which IS now widely considered as pathognomonic of this disease The 
studies lepoited in this papei consisted of a seaicli foi false positne poipho- 
bilmogen tests in a large senes of patients 

Briefly, poiphyiia is defined as a pimiary idiopathic disease, dial act erized 
by abnormal amounts of uio- and copiopoiphyims and/oi poipliobiliiiogcn in 
the mine, due to a derangement of the metabolism of poiphjiin compounds 
The term poiphyiia is opposed to poiphyimuiia, which refers to abnormal 
amounts of copiopoiphyims in the mine secondary to a vaiiety of diseases such 
as lead poisoning, livei disease, oi the ingestion of dings (for instance sulfa 
diugs, Pjiamidon oi the salicylates) Poiphyiia is usually divided into two 
tjTies the congenital (oi light-sensitive) and the acute idiopathic Congenita 
poiphiria IS the laiest type and is charaeteiized by red poipbjiin deposits ni 
the bones and teeth (eiythiodontia), photosensitivity of the skm (bydroa 
aestivale sen vaccinifoime), and a daik-ied uiine Acute poipbina occui'S in 
adults vith mteimittent attacks of acute abdominal crises with cramps an 
•onstipation, neive paralysis and mental sjTnptoms, and frequently a daikiiime 
The poiphobiliuogen test (see beloAv) is chaiacteiistically positwe, while m a 
small senes of cases of congenital poiphyna, the poiphobilinogen test has cen 


negatiA^e aceoiding to Watson, Schwaitz and Hawlniison “ 

Poi yeais the diagnosis of acute poiphyria hinged on the 
mo- and copiopoipliyim found in the mine The excretion of the Val ens lo^^ 
tA’pe of mopoiphyiin m particulai was shown to be mci eased in acute i >aP‘'* 
poiphAuia® ® For a long tune the diagnosis of poiphyiia depeii ec 
chemical identification of mopoiphyiin and, to a lessei extent, copioperP 
which leqmicd a difficult and tedious fractionation The poiphobibuone^ 

IS a smiple pioeeduie useful in the diagnosis of acute idiopathic poipi'^i’® 


HISTORY VND PROPERTIES OF PORPHOBILIXOGFN AXD PORPHOBILIX 

In 1931 Saclis* first lepoited e\idence of a substance m the j^.aucid 
tient Avith acute poiphAiia Avhicli gai^e a red color ivith ^ 

(p-dimetlnl-amidobenzaldehyde) She lepoited that this red 
hibited two spectral absorption bands ivith Ehrlich’s reagent The le 

■■ ' jjq pitil 
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aldeh 3 de coBipoimd nas insoluble in chloioforni diifeientntm;? it from the uio 
bilmogen aldehyde compound and as sho\^n later b% Watson and Scliuartz® 
from indole aldehyde compound, as loimed with Ehrlich s leagent 

\VaIdenstroni and Vahlqiust disco\eied fiuthei properties of this sub 
stance® ® Thej found that if the unne in acute porphjiia was esposed to 
sunlight it became darker and the reaction with Ehrlich s reagent became nega 
tive Uiea inhibited tlie derclopment ot the leaction Heating the acute 
porphjria unne with acid caused daikeiiing concomitant with de\elopmcnt of a 
negatne Ehrlich's reaction and the appeaiance of a daik icddish brown pigment 
which was named porphobilin® Some exidencc u is elicited In aldcnstrom 
that this pigment was a dipi i n Imethene 

The colorless chromogen of this pigment w is designated In Waldenstiom 
39 porphobilinogen A method foi iiicasmiiu poiphobjhnogen in aibitiun units 
has been described® Neither porphol)iiinor.c n noi j)oipbobilin has been cbemi 
callv isolated or structunllr identified Piuntc has studied The chemical piopcr 
erties of porphobilinogen and has isolated it tiom tht Inci in a patient with 
acute porphyria ® This work indicates that it is not i bicskdown product m the 
urine but is fonued m the hod\ piobalih in the livei Furthei studies are 
necessary to eiahiate its possible lole as a piecuisor of tin porpln uu ring 
Watson and Schwaitz® provided tin fiist simple <l!nn ti test toi acute idio 
pathic porphyria m 1941 and found it to be positive m ill ot five cases Othci*s 
have added confiimaton evidence that the test is at least lelativeK specific’ * ^ 


Watson states’® tint in his laboratories several instmcis of a false red or 
pink color have occuiied in a porphobilinogen test One was a ease of acute 
pohomvelitis m which the unne contained laige amounts of copiopoiTihvrm and 
urobilinogen In a eaac of cmhosis of the hvei with lar,,e amounts of copro 
porph^iin m the unne the porphobilinogen reaction was lepeatcdiv although 
not consistenth positive Sevcial unne specimens were found woth large 
arnounts of urobilinogen in which it was impossible with repeated extiactions to 
get all of the aldehjde compound into the chlorofonu The unne from a patient 
'nth jaundice showed a positive porphobilinogen test in which the red coloi 
behaved like an indicatoi with vanations of pH the led coloi disappeanng with 
‘ilkahnization In this instance the red coloi was thought to he due to an e\ 


trmsic pigment perhaps a dnig Ciavons and beets ingested bv infants gave 
weak but definitelv positive porpholnlinogen reactions Watson now considers 
jbo test “in the mam veij helpful and reliable for porphvria but I do not be 
hove the test can be spoken of as absolutelv specific oi pathognomonic ' 


METHODS AND VI VTERULS 

Tlio purpose of the present stud> was to evaluate tins simple office pro 
teduie m regard to false i-eactions Theie is no tonclusive method foi lulmg 
f>ut false positive reactions with am simple test c\eept hr means of lar^c ^cilc 
examination of patients with miscellaneous diseases The tcs»ts were done in the 
ParJv morning with fiesh uinu. and fiom ten to thiitv five were done each daj 
brine speemiens of 1 000 diffeient patients were examined h\ the porphobilino 
test of Watson and Schwaitz in which 1 mi of Fhilich s rcit.ent f0 7 Cm 
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p-dmiethyl-amidobenzaldehyde, 150 ml concentrated HCl, and 100 ml distilled 
water) was mixed with 1 ml of uime, and then 2 ml of a satuiated aqueous 
solution of chemically puie sodium acetate also weie added and mixed Itain 
pinkish 01 leddish color resulted, a few miUiliteis of chloroform weie added and 
the whole was forcibly shaken m a stoppered tube 

The 1,000 patients on which the study was based came fiom the medical, 
surgical, obstetric, gynecologic, urologic, orthopedic, neurological, eye, ear, 
nose, and throat services of the Woieestei City Hospital 


RESULTS . 

No positive porphobilinogen tests were obtained In no case did a pmkisli 
01 red color remain in the aqueous layer when the test was performed propcriv 
It IS important to call attention to three points in particular (1) The chloro 
form extraction requires a very thorough shaking with the aqueous fiaetion. 
(2) Red-colored globules of cTiloroform frequently adlieie to the sides ot the 


Chart I 


1,000 Porpliobihnogen tests 


Ice urme 

1 c c Ehrlich ’s reagent 

2 e c saturated sodium acetate 



Pink or red 
839 cases 
(83 8%) 

i 

Shaken 

with chloroform 


Not pmk or red 
162 cases 
(16 2%) 


No pink or red in aqueous layer 
Pink or red in cliloroform layer 
178 cases 

(17 8% of initial 1,000 cases) 

21 2% of 838 cases pink to red < 
after Elirlich’s reagent and acetate 


No pink or red in 
No pink or red in 
660 cases 


aqueous lajer 
chloroform Iipf 


ei (3) 

tube m the upper portion givmg a false color to the aqueous layei ^queoiL 
tion of the reddish color from the lower (chloroform) °l jmcians ffho 

layer must be discounted The authors have been consulted J ^ which 
were confused by what purported to be a positive poiphobilmogen^ precaution^ 
one of the eiiois mentioned had occurred The necessity foi shoffci^ 

IS emphasized by the fact that 838 (83 8 pei cent) of the ' In the 

some pink color in the aqueous layer prior to the addition of c oi ^ 

majority of the 838 cases the color wms a famt pmk and ^ grange 
mained after the addition of chloroform was a yeUow or s gi lajcf*^ 

the chloiofoimi layer In 21 per cent of the 838 cases the of the t'-" 

came pink or red after the extraction procedure The is 
actions IS represented by Chart I 



FVLSE POSITIVE REACTIONS IN PORPHOBiLINOaEN TESTS 


1257 


SUMMARY 

The simple porphobilinogen test as described by "Watson and Schwartz was 
studied by the examination of the uiino of 1,000 patients 

No positive reactions were found Prom this it may be concluded that false 
positive reactions are extreme!} rare, and that the test has a great deal of sig 
nificance in the diagnosis of porphyria 
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HEPATIC DYSFUNCTION IN INFECTIOUS MONONUCLEOSIS, lYITII 
REVIEW OF THE LITERATURE 

Ralph E Peter&on, M D * 
jMinn-eapolis, Minx 

T he following papei is a lepoit of tlie incidence of hepatic dysfunction in a 
gioup of hospitalized patients with infectious mononucleosis, uitli a lencw 
of the liteiatuie on the subject of liver involvement in intectious inoiionuclcoMS 


REVIEW OF IJTEKVTURE 

Pfeiffei,* in his oiigmal deseiiption of the disease called glaiuhilai lever, 
mentioned enlaigeinent of the livei as one of the phvsical findings Snappci aiiJ 
co-voikei’S‘ veie the fiist to deseiibe jaundice as a complication ot glandular 
fei ei Downej and McKiulay" in 1923 weie the fiist obseiveis m this eountn to 
deseiibe jaundice in a patient with infectious mononucleosis Later, in 19 Oi 
McKinlaj'* lepoited a senes of fiftj cases with jaundice in 10 pei cent ^ 
and Wakefield^ in 1926 lepoited one ease ot infectious mononucleosis vvitijaun 
dice Schmidheimj“ in 1927 lepoited on eleven cases, with icteiiis 
Mason" in 1928 lepoited two eases with jaundice and suggestec tia 
jaundice nas the lesult ot a hepatitis, lather than the lesult ot 
enlaiged nodes on the common bile duct as had been suggested In c'** 
Wakefield ■* 

NjteldU lepoited a senes of thntj-thiee cases with of 

and leteius in four, and in 1934: Stuart and co-\\oikeis‘' leporte 
tn ent-v -eight cases with jaundice m tno Failev’" lepoited tvveve 
hepatomegaly m foui, clinical jaundice m one, and biliiubinuiia m 
al one DeVnes“ lepoited thiee cases with clinical jaundice ui 
in a lev lev of intectious mononucleosis in 1939, lepoited an uici cn^^ 
dice in 10 pei cent ot fiftv cases In a latei papei Gaiduer anc >iu 
137 cases at the New Haven Hospital and tound jaundice m on v 
hovevei, 13 pei cent had hepatomegaly ^ c mi IIov'U'''* 

Svaai-Seljesaetei,^'* Fowlei and Tidiick,''' Beinstem, o 
Caitei,^^’ Bogei,^” Monat,-^ Leavell and McNeal,^- and AVisiug e 
with jaundice Maitin-^ leported two cases 

Ottcii 


with mild clinical jaundice 


one case 

man and Chapman--' lepoited se\en cases .vx.,** - 

OllgaaicP® lepoited a large senes of 210 cases with icteius^^^ (jontratw ’ 
beig and SpieegeP' lepoited sixtj -seven cases with jaundice m 
196 cases vitli ten jaundiced, Immeiman,--' 220 cases 
Mdne,^" 111 cases with thiee jaundiced, Read and HewCc. <5priii!f^ 
jaundice in elecen but with foity-seven showing hepatonie, eiicinJ*^^ 

SCI died the clinical pictuie in five cases wnth an eleva ec 
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and CO \\orkei’s^® lepoited ou a series of nineU sl\ cases ^^lth jaundice as the 
presenting complaint m fi\e, thou-,h the liver was cnlaigcd in tweiitv &l\ of the 
patients 

Receiitl) Abiams^^ repoitul one case with jaundice of ele\en weeks du 
ration He also mentions an incidence of jaundice of 9 4 pci cent in a senes of 
SLxt^ four cases 

Halciow and associates®'^ m a lepoit of an epidemic of infectious mono 
nucleosis m a liospital in England found no clinical jaundice in 296 cases 
However, onh 125 ot the patients had clinical svmptoms whcieis tlic otliei lOo 
had onh blood and/oi seiologic ehaiit^ea Tlu\ ^tlldled fifteen of the nioie 
sei ere cases selected at landoni and found latent jiundice ts maniicsted 1)\ a 
slightly elevated seium biliiubin, in eight 

In a recent lepoit of an epidemic e\tcndnv omi a fifteen month peiiod 
at an Aimj post, Wechslei and Rosenbhini in tin lai^est seiics of cases of 
infectious mononucleosis evei leportcd (556 cases) tound thirtv five cases 
(7o pel cent) with jaundice jMost of the cases wcu mild as far as the icteiic 
index and gastiointestiual sv mptoms weic coiictinod Tlicv found th it the livei 
I'as palpable m ninet} five of the 556 cases howcvci thev did livei function 
tests onh in those that showed clinical jaundice 1 nei function tests m manv 
these patients showed an elevated ducet icactin^ bilnulun pasitive eephalin 
cholesterol test elevated seium alkaline phosphatase incioased bromsulfaleni 
retention, and elevated uiine urobilinogen Tu none of the patients that showed 
jaundice vveie there aiiv sequelae 

Cohn and Lidman® lepoitod on a gioup of fifteen successive patients 
hospitalized at an Aimj hospital for infectious mononucleosis None of the 
fifteen were jaundiced clmicailv however bv means of seiul hepatic function 
studies thev weie able to dcmonstiate evidence of hepatic dvsf unction in all 
fifteen DeAIarsh and \lt^* icpoitcd iiinetcui consecutive cases of infectious 
nionoiiucleosis without jaundice (icteric iiid6\ less than 10) of which all showed 
cither positive eephalin cholesteiol delavcd biomsulfalein eNcietion or leveisal 
of the albumin globulin ratio GalR" did livci function tests on thiitv thice 
eases seriallj and found an elevated alkaline jahosphatase in all but five eases 
t'^'cntv two of twentv six had positive eephalin cholesterol tests fouiteeii of 
fifteen had an elevated thjmol turbiditv and nine ot twentj showed an elevated 
icteric mdc\ (above 8 units) Evans*" did liver tunctioii tests on nineteen 
uniseeuUve cases without jaundice (thiiteeii haspitahzed nud sen ambnlatoiv) 
lit found the thvmol turbiditj elevated in 68 pci cent ctphaliii cholesteiol 
I^situe m 95 pei cent, alkaline phosphatase incieased in 43 pei cent and in 
t iree coses in which eleetrophoietic determinations vvoie done on the seium he 
found an inei eased amount of beta iiid (,amni i c,lobiiliii 

Shay and associates*^ found an elevated thymol tuibidity and positive 
ooplialm cholesteiol and seinm colloidal ^o\d tests in some casts of inttctious 
Ji'ononucloosis Caitei and Jlaelag 111 " found a positive colloidal ^old leiction 
per cent and an elevated thjinol tmbiditv m 5S per cent of nineteen 
patients wuh mfeetious mononucleosis but did not feel that tlub neccssanlj 
u> icated anv hepatic disturbance 
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TTilhaTn and Steigman^^ weie the fiist obseiveis to demonstiate, by direcl 
obseivation of the liver cells, that the jaundice in patients with infectious mono- 
nucleosis was the lesult of a hepatitis In then senes of twenty patients there 
weie four clinically jaundiced, whereas otheis had slight hypeibilirubmemia 
as demonstrated by laboratory tests A livei biopsy of one of the jaundiced 
patients showed a well-marked focal hepatitis They found maximal chaugui 
in the portal tracts with loss of livei cells and a well-developed histiocvtic le 
action with some eaily piolifeiation of bile ducts The sinusoids showed an 
excess of Kupffer cells and monocytes They found no evidence of fibioais. 
Van Beek and Haex'*^ did livei biopsies on a patient with infectious mono- 
nucleosis without jaundice and described the changes as simdar to those seen 
in patients with myeloid leueemia with many monocytoid cells and neutro- 
philes A few of the cells showed mitosis They did a repeat biopsy ou the 
same patient three weeks after leeoveiy and found the livei to be eiitneli nor 
mal Bang and Wanschei^® did aspiration biopsy on four patients luth m 
fectious mononucleosis with jaundice, however, only two of the four ha cn 
larged livers All of the sections showed pronounced infiltration of the poi 
areas with lymphocytes, and a few plasma cells, neutiophiles, and eo mo- 
philes A few of the livei cells showed mitosis, though no neciosis was e\i e 
There was no evidence of bde duct piolifeiation oi fibrosis It wms their impr 
Sion that the changes were very similai to those seen m acute epi 
with, however, less pionounced parenchymatous changes and more m e 

cll3.IIg6S 1 Pfitefs 

Ziegler,^® Davis and co-woikers/^ Fisliei,"*® Allen and Eel ei, 
and associates®'* reported on the histologic picture of the Iner o 
mfectious mononucleosis without jaundice oi hepatomegaly w o wer 
some other cause The patients of the first three observer’s a 
spontaneous rupture of the spleen ^ In these cases minieio^ was soi'W 

filtiations of mononuclear cells were found "Within these lJ^en 

degeneration of parenchymal cells Allen and KeUnei s mjpetiotb 

kdled m an airplane accident about a week followmg of moaa- 

mononucleosis They, also, found many focal areas of 
nuclear cells, which were mostly peidobulai in distribution jomphtat®= 

cells showed mitosis Peters’ two patients died as a res patmats as 

Guillam-Baiie’s disease They describe the liver of one o 
showing the picture of a moderate hepatitis 


aiATEBLlLS AND METHODS 


. BionoW 




The present senes consisted of forty consecutive patients in Idirt 1 

admitted to the Students’ Health Service* over a fifteen 

This does not include patients with infectious mononuc eo imjpd m tins gi®®? ^ 

cared for on an outpatient basis Also, no patients ^ nere j ^ 


carea xur uu ixu. uuLpaueut uaisia xlidv, aiv jt- fp^tious 

climcal entena and laboratory tests were unequivocal^ IvmnhocjtoaiB 

Ot cour 


patients at some time during the illness had an absolute lymp i i, it i> 


pauenrs at some time uuring tue com 

leucoejtoid lymphocytes and a heterophile titer of 1 112 or ig j^^jg^opiule titef 
nized that a small percentage of patients never develop a posi i 

*At the University of Minnesota Hospitals 


HEPA.TIO D\SFUNCTIO^^ IN INFECTIOUS 1I0^0NULLF0SIS 


1261 


Heterophile determinations were done accoidui^ to tlie method of DaMdaolm i A titre 
of 1 112 waa considered as definitely positive Determination of the prompt direct one 
minute and total bilirubin was made by means of the Ducci and ‘Watson ^ modification of 
die Malloy and Evelyn ^ method Values of greater than 0 2 mg per 100 c c of serum for 
the prompt one minute direct and \alue3 of greater than 0 8 mg per cent for the total 
delayed direct and indirect reacting bihrubm were cou^uderd elevated The thymol turbidity 
test was performed according to the technique recommended by Maclagan Values greater 
than 4 umts uerc considered elevated The thymol flocculation was done according to the 
technique of Neefe o Values greater than 1+ were considered abnormal The ccphalm 
cholesterol flocculation test was performed according to the method of Hanger 5S and values 
greater than 1-t- at twenty four liours were considered abnormal The bromsulfalem test was 
performed according to the method described by Gaebler ^ using 5 mg of the dye per kilo 
gram of body weight The presence of more than five per cent of the dye remaining after 
forty five minutes was considered abnormal The alkaline phosphatase was done according 
to the method of Bodanskyos as modified by Alessandri and Ducci 3® Values greater than 
4 0 Bofiansky units were considered elevated Total cholesterol and cholesterol esters were 
determined according to the method of Sperry and Schoenhcimci o A total cholesterol 
greater than 220 mg per 100 c e of serum and/or a depression of the esters to less than 
CO per cent of the total was considered abnormal The estimation of the urinary Ehrlich reac 
tion was made according to the methods of Watson and coworkersci c® Ehrlich imits of 
greater than 1 4 per two to four hour spcciroeu were considered abnormal and excretion 
of more than 3 5 rag of urobilinogen per day was considered abnormal The urinary co 
pioporpliynn was determined according to the method of Scliwarlz and associates/® and 
the excretion of more tlian 100 gamma per day was decmel abnormal 

RESULTS 

Of the forty patients with unequivocal evidence of infectious mononucleosis 
included in the piesent study, twentj one (Cases 1 to 21, Table I) showed clear 
ent signs of hepatic functional unpaument as evidenced by three or more 
positive liycr function tests exclusne of the test for urinary coproporphynn 
few of the remaining nineteen patients (Coses 22 to 40, Table I) showed 
questionable eyidence of hepatic dysfunction on the basis of one or two mildly 
positne tests The frequency of the abnormality of the \arious tests in the 
forty cases is sho'wn in Fig 1 

Only one of the patients with hepatic functional impanment had definite 
jaundice, and only foui of the twenty one had an enlarged liver In three of 
these four it was definitely tender, and there was tenderness in the liver legion 
ui one other patient of this group in whom it was not possible to feel the liver 
Forty-eight pei cent of the group with hepatic functional impairment had 
splenomegaly which is about the same (53 per cent) as the group without hepatic 
disfunction All of the patients without laboiatory evidence of hepatic dys 
function had a definite pharyngitis whereas three of the tweiitv one patients 
^vith marked hepatic dysfunction had no pharyngitis at any tune and three 
additional patients only developed phaiymgitis late in the course of the disease 
'^ben the hepatitis had ueaily subsided The febiile course did not appear to 
be greatly different m those with or without hepatic dysfunction The average 
uiasimum temperature elevation m tlie gioup with hepatitis was 101 7 degrees F 
und m the other group, 101 5 degrees F 

Case 22 is of interest in that the patient returned about one week after 
discharge from the liospital witli a complaint of recurience of malaise, ano 
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rexia, and nausea Exanunation showed the hvei edge to be palpable at the 
costal niaigui and modeiatel3’- tendei This pictuie, along Mith the eleiated 
thj^mol tuibidity and the positive thymol flocculation test, may ha\e indicated 
a lelapse vitli a hepatitis, howevei, the patient quicldy impioied on a legirae 
of lestiicted activity 


Aik Phosphatase 
Urinary Copro 
BSP Retention 
Urobilinogen 
Thymol Turbidity 
Total Bilirubin 
Cholesterol Esters 
Thymol Flooo 
1' Bilirubin 
Cephalln Floco 


Percentage 



Fi§r 1 — Percentage of Iher function tests that were Positive in a. group j 

infectious mononucleosis The numbers at the ends of the bars mu 


with 

patients on uhom each test was performed 


111 none of the gioup of foity patients weie theie any seiious comp 
In the gioup unth hepatic dysfunction, the livei function tests shotve 
to noinial in a shoit peiiod of time In geneial the patients viti 
function appealed to have a slightljr more seveie foini oi disease 
The patients with obvious hepatic involvenient weie placed 
piotem, high eaibohydiate diet, wheieas the otheis ueie bed 

general hospital diet Otheiwise the theiapy was puiely suppoi 
lest when indicated by the tempeiatuie and degiee of liepatic 
except foi the use of penicfllui m a few patients who appeaiec o 
oped an exudative phaijnigitis oi tonsiUitis as a complication 


DISCUSSION 

Foi yeais theie has been a debate in the liteiature pic eid" 

of the jaundice in patients ivith infectious mononucleosis 
papeis mentioning jaundice as a manifestation of uifcctious t' ^ 

suggested that it vas the lesult of piessuie of Ilo'ic'cr, - 

common bile duct, and was thus an obstiuctive jaundice 
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early as 1928' it was suggested that the jaundice was the lesult of a hepatitis 
With the adient of the use of numerous livci fiinotion studies foi aids in 
diffeientiatiug obstructive and uoiiobstiuctivc jaundice it became possible to 
rcsoh e this question A number of im estigators^” “ ha\ e shown that patients 
with infectious mononucleosis have the same kind of abnoimalities in the livei 
function tests as patients with epidemic oi spoiadic infectious hepatitis and 
homologous serum hepatitis This work has all pointed to the presence of a 
hepatocellular and eholangiolar tjpe of liver injuiv lather than an evtiahepatie 
obstruction as the cause of the jaundice It also has been found that the 
general serum protein disturhiuees aie chaiaeteiisticallj the same in infectious 
mononucleosis as those found in mfectious hepatitis that is a slight decrease m 
the albunim and a marked uicrease m the beta and gamma globulms ^ 

The pieseiice of an intrahepatie cause for the jaundice in these patients 
received more definitive proof with the histologic denionstiation of hepatitis as 
a result of punch biopsies of the livei of patients with mfectious mononucleosis 
with jaundice" * and m a patient without jaundice '' and also by the demon 
stration of hepatitis rmcioscopically m patients with infectious mononucleosis 
without jaundice on autopsy sections of the liver •* “ 

The present study of forty cases of mfectious mononucleosis also demon 
stratus clearlj the piesence of both hepatocellular and eholangiolar liver damage 
ss the basis for the functional impairment of the livei and in one case (Case 8) 
for clmieal jaundice Case 16 was of mtcrest m that the patient exhibited 
predominately a eholangiolar tjpe of hepatitis namelj uicieased prompt 
reacting (one mmute) bilirubm, alkaline phosphatase total cholesterol and 
the presence of an intense pruritis 

Thus It would appear that even though jaundice is not especially common 
'a infectious mononucleosis, hepatitis without jauudice is evtremelj common 
The criticism might he ventuied however, that tins group of patients is not 
particularly repiesentative of patients with infectious mononucleosis and that 
the degree of liver iiivolv einent is out of proportion to that seen in the usual 
hospitalized patient with infectious mononucleosis Yet the percentage of 
patients m this series with jaundice (2 5 per cent) is no higher than reported bj 
other investigatoi-3 10 * 12,“ 7 ” 5 " 2 ““ 3,“' 5,“® 1 4 7 7 “ 3 3,“‘ and 7 5 

per cent The peicentage of patients with hepatomegaly might also give some 
elne as to the probable incidence of hepatic mvolvement in other reported series 
Was 15 per cent m the present group of foity cases Others have variously 
tepoited the incidence at 27,“ 33," 13," 16 26,““ and 17 per cent ““ 

ft IS fair to assume that one would anticipate moie patients with hepatitis 
Without jaundice than patients with jaundice It has been demoiistiated m the 
'^^elopment of expciimeiital hepatitis m liumaa \ 0 lu 11 teer 3 that the number of 
patients that develop hepatitis without jaundice eveoeds the number that de 

“'olop jaundice 

The criticism might be anticipated that one could get the degiee of hepatic 
“'■ohemeiit seen iii these cases in simple upper lespiratorv infections or ccr 
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tain lelatively benign viial infections Howevei, it has been shown hi otheis''' ’ 
that such IS not the case, noi have I obseived this degiee ot tiinctioiial impair 
inent of the livei in the phai yngitides and uppei lespiiatoiy intectioiis Vbo, 
foul of these patients with hepatitis had no phaijngitis at anv time and \tn 
little fevei, and thiee others did not develop the phaijngitis until after the 
hepatitis had iieailj'^ subsided Foi hypeitheiinia alone to cause a niaiked 
degiee of livei functional impaiiment it is neeessaiy toi the patient to be e\ 
posed to a seveie and prolonged hypeitheimia “ ““ 

A patient with acute infectious mononucleosis and hepatitis and a patient 
with acute epidemic oi sporadic infections hepatitis often pose a diffieiilt piol> 
lem in diffeiential diagnosis Clinically the one sjunptom that is most laluable 
in differentiating the tvo conditions is soie throat Most all patients \utli 
infectious mononucleosis will complain of a moderate to seveie soie tliioat diirinj; 
some period of the illness, whereas tins is not a very outstanding sign m inltc 
tious hepatitis As fai as physical signs are concerned this is also a laliiabk 
guide There were only foui patients out of the entire group of toity tliat did 
not have a definite pharyngitis at some stage of illness All four of these iiere in 
the gioup with definite hepatic dysfunction This phaijuigitis is usuallj o t j 
noncMidative, nonspecific type, but in some eases is of the evudatn e t) pe an 
beta hemolytic stieptoeocci can be isolated fiom the thioat Lymph no e in 
laigement is distinctly nioie common and moie marked in infectious 
cleosis than in infectious hepatitis, howevei, the difference is not too s n 
Vaiious investigators have listed splenomegaly m infectious 
13,®' and 21 per cent In oui cases of infectious mononncleosLS ye ia\e^ 
splenomegaly in 48 pei cent, which is comparable to what other o send 
found 50,'‘ 47,2® 3 ^ pgj^ si 

Conversely, the livei is probably mucli more often enhuged 
hepatitis than in mfectious mononucleosis Howevei, Zimmerman 
eis®® found the livei to be enlaiged in only 69 per cent of a senes o 
with infectious hepatitis in which 90 per cent ot the patients 
There are few papers on infectious hepatitis -without jaundice, so i 
to make a compaiison with patients ivith infectious inononuc eos^^ 
jaundice Baikei and associates®-* and Finks and Bhimbeig s 
intectious hepatitis without jaundice the liver is usually enlarge 
cent 01 si^. of the foity patients in tins group showed pguif’ 

ot these were in the gioup with hepatitis Others have lepoitec si 


16 pel cent,®* and 17 pei cent ■'® ^ 1 ,iik d 

Thus it may be seen that theie is considerable oveilappm^n 
pietiiie in these two conditions, and in the final analysis one jicpatitr- 
toiy tests to differentiate the tcvo Patients with both m ^ jjjpjiooln 
intectious mononueleosis show the atypical oi leucocitou i>‘ 

Downes,'® Types I, II, and III— mostly Type II stage m 

tectious mononucleosis have a much greater numbei anc a ,iurob'^>^ 

disease practically alyvajs hace an absolute lymphocytosis w mih dc- 

of leucocytoid lyunphocy tes, yyhereas patients wntli infectious 
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\elop a relative Ijniphooj’losis It has been found that in e\peiimentalh m 
diiced infectious hepatitis in human bein^^s thcie is onlj a lel itive h mpliocvtosis 
with the ^icatest pumbci of atvpical hmphocvtes at the fouitli to fifth da^ 
aftei the onset of fevci ” In mtectioiis niononiicleoois the 1\ mphoev tosis iisiiall} 
IS not transient but mcieascs in dCoiec as tlic d sense piogiesscs and usiiallv 
remains absolute aftei the s\mpfoms have subsided 

The heteiopliilc antibodv titei is etpiilh a^ helpful as the Ijmphocvtie 
reaction m diffeientiatuio the two conditions It is piaetieallv alwavs pasitivc 
m infectious moiioiiueleosis if enough dctciimiiations aie obtained wheieas we 
have nevei found it to bo positive in infeetious hcf)ititis OtlieiN also have been 
unable to find an elevated heteiophile titer in infectious hepatitis^ 

Latoii and associates'^ noted a moderate increase in titei of antibodies to sheep 
red blood cells in some patients with infectious and homologous sciaim jaundice 
These antibodies, howevei weie of tiuc Foissman t\po adsoibcd bv gaiinei 
pig kidiiev, thus unlike those of infectious mononucleosis 

From the piesent stud\ it is appaieiit that Inei timctioii tests jic of little 
'able m diffcieutiating infectious hepatitis fiom inteitious mononucleosis with 
hepatic functional impaument The hvei prohks ot tlit ])atients with intcetious 
mononucleosis aie foi the most pait chaiactiiistie ot those seen in infectious 
hepatitis Fig i shows graphioallj the tests that were most frequentlj positive 
in the patients with infectious mononucleosis and ui gineial these aie the same 
tests that one finds positive m the ^^reatest ptKtnlo«c ni patients with infectious 
hepatitis 

The luinarj eopiopoipluiin c\ciction is incicascd m both diseases but is 
of no value in differentiating the two bLcause tlic ineiease in both is of the Tvpe 
I isomei This is considered m more detail cisowjiere ^ 

In this senes of patients with infectious mononucleosis as in patients with 
nifectious hepatitis^ tlic increase of seium biluubm is due to an incicasc 
of the prompt reacting tvpe more than the del ived or induect Evaus^° found 
the cephalm cliolesteiol test a moie sensitive indicatoi of hepatic dvsfunctioii 
than the thjmol tuibiditj test in infectious mononucleosis In this seues the 
revei-se has been found to be tint Also the thvniol test icmains positive longer 
than anj of the othei tests, this also has been found to occiu in cases of infec 
tious hepatitis “ ^ In the piesent senes there is likewise shown to be a bettci 
ODreement between the thjmol flocculation and eeplialin cholesterol floccul ition 
than between the thvmol tuibiditv and thvinol flocculation Tins is contraiv 
to what otheis have foimd in infectious hepatitis It also has been lepoitcd as 
unnsual for the tlijmol tiubiditv test to be positive in the absence of a positive 
thjinol flocculation test in infectious hepatitLs ® Howevei tliat iias not been tlie 
•^ase 111 the present group of cases of infectious mononucleosis 

SUMM VRl 

V senes of foitv cases of tv pical infectious niononuckosis li is been studied 
which twcnt> one (55 pei cent) of the patients showed moderate to severe 
hepatic functional involvement oi hepatitis as evidenced In a batten of liver 
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fimetion tests A numbei of additional patients in the gioup exhibited milder 
hepatic involvement on the basis of one oi two positive tests 

It has not been found feasible to diffeientiate the type of livei imohemcnt 
in these patients with infections mononucleosis and hepatic dysfunction from 
that m cases of acute epidemic oi sporadic hepatitis One must lelj on the 
clinical picture, especially the piesence of phaiyngitis, the type of lympliocitie 
reaction, and the titei of the heteiophile antibodies The chaiactei of the luer 
function distuibances in these patients points to the piesence of both hepato- 
ceUulai and cholangiolar livei injuiy This evidence togethei vith the hbto- 
logic findings lepoited in the hteiature tends to lefute the theory that jaimdice 
in infectious mononucleosis is due to an extiahepatic obstiuction of the commou 
bde duct by enlarged lymph nodes 

The liteiatuie on the subject of hepatic involvement m infectious niononu 
cleosis IS reviewed 

The author wishes to acknowledge the helpful advice and assistance given by Dr C 1 
Watson, and also the technical assistance of Violet Hawkmson and Margaret Giebenhain 
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FOLIC ACID ilET^VBOLISM STUDIES 

III I^TliA^ENOUb AD^I 1 ^^IS^RVT 10 ^ OF PtEROA I GI UT VWC AciD VND 

Ptfroaltriglutvmic Acid 

B S ScHWEiGCUi PhD® 

College Station Tex vs 

ITH THE TeCHMC VL ISblSTVNCFOI PR VNCES P VXZER VXD P VTHICIA Sp VRKS 

DECENT studies^ le-vealed tJiat conjugases piesent in blood -were capable 
of releasing folic aud from combined foims of the \itamiii in blood oi 
rom pterovlheptagliit imie acid This was evidenced bv nn iiiciease iii the folic 
-lui content obtained when blood liom vanous anmi’s iiuhidng iniiii was 
iiieu ated at pH 7 0 as conijiaied with the values obtained betore incubation 
ton&ideiable mteiest Ins developed in detenuinin^ the comparative effec 
I'enesa of folie acid and lelated eoiupoiinds in the Tieitment of inaciocvtic 
'iDcmias and lelated diseases Excietion studies conducted with normal sub 
jects have shown tint no^Ii^ible amounts (less tinn 10 pei dav ) are e\ 
re ed ni the urine when uei ige diets ne ingested The uunaij exeietioii 
e Mtamin IS markedly incieased howevei when oial oi lutravenous supple 
“ipiits of pteiovlglutamic acid oi its conjugates aie administered The majoi 
Orion of the dose is e\cretod in the first twentv foin houis 
of of the amount of folie acid ingested on the iolic acid content 

ituludiiio lilood Ins been investUTted with vinous 'inninl 
Is iippiient flee folic utid in the blood of tlie tuikev for e\ample 

mar edlj reduced when a diet low m the vitamin is given ’’ 
eitiie/^ piesent woil the effect of administenng foln acid intiavenouslv 
Oil tl as pteiov itriglutamic acid to human subjects 

after ^ levels of the vitamin was detei mined at diffeieut time intervals 
eff ^ These studies have affoidcd nifoimatioii on tlie comparative 

an^ forms of the vitamin in m untaining the blood level 

icti lapid cleavage of pteiov Itiiglutamic acid to compounds 

the test oigainsm Streptococcus faccahs R 

EXPERIMENT VI 

3dult Immnn bem{,s consuming aierngc UictH uere u'< d iii tins stuilj &i\ 
pfcrojlcl ^acli of two erics of tests Tlirei. subjects in cadi cries received 
•n each and three received ptirovltrigliitnmic and Two of tlio three subjects 

forapou "ere used in. the second erics conducted two weeks Infer and the test 

— — — odrainistercd was the rover e of that given in the first s ncs Blooil samples 

Department of Blcchcmfstrj and Xutrltlon V"rlcunui'Hl an 1 IVIeclmnlc'il 

'indebted to Dr T H Jukes Lcderlp L« boratork Vmcricvn C> ninill Co-'ipanv 
, t Ptero\ lirif.i. 7 » .** ausKeaUnR this problem and for pcncrou supplies of pi roj Iglutatnic acid 
in ‘'Parka 'T’he cooperation of R I Simp in Georpo Barron, Carl VV 1 Inicr 

'he cour<iG R T Holman and tlie t a member of tlie College Ho pititl 

Rf^n , . : studies Is greatlj appreciated 

Presf.'’» June 11 19IS 

^^unlatlon 'en of Blochcpifatrv nn 1 Nutrition Vmer can Meat In Utute 

unlvcr It) of Chicago Chicago III 
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were taken by vein before injection of the test compound and two, four, eight, and tent) 
four hours later Pteroylglutamic acid at a level of 12 mg or the equivalent on a molar 
basis of pteroyltriglutamic acid was injected intravenously 

Appropriate dilutions of the oxalated whole blood from each subject at each time in 
terval were made The blood samples were autoclaved to inactivate the blood conjugasei' 
and prepared for assay in the usual manner The folic acid content was determined after 
each treatment with S faecaUs R as the test orgamsm n In one of the series, comparative 
results were obtained when Lactotacillus easein was used as the test organism The amount 
of folic acid per milliliter of blood is shown graphically m Pig 1 for the S faecaUs B 
assays and in Pig 2 for the L casei assays The individual values for each subject ob 
tamed at each time interval are also indicated 



the 


Tide After Injeotlon (Hr ) 

_ - Effect of administering pteroylglutamic acid or 

level of folic acid In the hlood measured with 8 faecahs E- xifnrriut'inilc acid 0 ^ 
glutamic acid O «, first senes O (I second senes 3 for tlie -li 

O O second senes The crosshatched circles represent the 


Fig 1- 


series O O second senes 
conducted at each time interval 


HESULTS AND DISCUSSION 

The folic acid of the blood as deteimmed includes only thos gjjjjjple. 
that haxre activity foi the test oigamsms -without tieatinent o 
Pteioylglutamic acid is equally active foi both miciooigauisms j; 

glutamic acid is essentially inactive foi S faecahs E- but is q^ ^ggpousi; 
casei- Theiefore in oidei foi pteroyltiiglutamic acid to ebci ‘ atnl ‘ 

8 faecahs E, this vitamin deiivative must he cleaved to 2 fdofb 

01 other derivatives which can be utilized hy 8 faecahs B 
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e\er, both test compoimcls aie aetne and clea\age of pteio\ ItUolutaniic acid 
is not neeessaij for miciobiolooio actuit\ On the otJier Innd it pteioic acid 
IS formed It -would be essentially inaetuefoi L casci but actn e for 6 faecalis E 
It -will be noted that the le\el of the fiee \itaniin in the blood as deter 
mined \Mth both test oigaiiisms is Aeiy lo-w befoie injection and that it letiuned 
to this loi\ le\el tA\eiit 3 foui houis aftei injection Foi many of the subjects 
the free folic acid le\el was too low to ineasuie (<0 6 inillimiciograms per 
imllimLter) A prompt and lapid use in the blood le\els as detei mined with 



Tla« After Injection (Hr ) 

Je\pi — Effect of administering ptero'lRlut'xmlc add or ptcrojltriglutan Ic acid on tlie 

adri acid In the blood measured ulth L caaef as tlie teat organ! nu / Ptcroj Iglutamlc 

series 2 Ptero> Itrlglutamic acid O € first ssrle-^ The cro shatched circles 
tni tne aterages for tlie three tests conducted at each time Interval 


^ hecahs R occiuied aftei injection and was at a ma\imnm two hours aftei 
^fijcction with a deciease obsened in tlie blood le\cls foui and eioht lioui's after 
nijectioii (Pig 1 ) The data obtained with L casei (Fi,, 2) indicate a high Ie\el 
the -Mtamin at two and fom hours ifter injection with a lapid fall oecuuing 
ei^ht hours aftei injection * 

The \clues obtained foi the diffeient subjects at cich time intei\ il aic 
rather good asieemeiit when S faecalts E w is used as the test organism 
the exception of those obt lined two hours after ptero( Itnglut unic acid 


niasi,T,71\® ao not permit a definite tatement a to the time aft r inj cUon when the 

srialvK^.^* blood levels were reached but arc discus el as comparl ons it the interv ils when 
(our niale. The data do show that the maximum blood I vein w re reached within 

"ours after the injection of both vitamin derivative^ o mca urvd with S faccalta R. 
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was moeeted The values obtained in the second senes appeal less leliable 
since they weie calculated from data obtamed from the low portion of the 
standaid curve and since they do not mdicate clearly a deciease vhen compared 
with the data obtained four horns aftei in]ection At any late, both com 
pounds were effective in laising the blood level of folic acid, and pteroylfn 
glutamic acid was utilized essentially as well as pteioylglutamic acid The 
ovei-all 1 espouse was essentially the same foi each subject, and the same lus 
tiue whethei the subject leceived pteioylglutamic acid in the fiist or second 


senes of tests 

It IS also apparent that conjugases presumably of the blood and possibh 
from other tissues were highly effective in splitting pteioyltriglutamic aei 
into products that were highly active for S faecalis K. The ability o con 
jugases from human blood to release active components from pteio} lepa 
glutamate has been described in a previous paper ^ 

The values obtamed with L casei before injection and twenty-four bourn 
thereafter were m essential agreement with those obtamed with 
The values obtained four hours after injection were usually higher wi , 
as the test organism, particularly when the triglutamate was ^ 
suggesting that some of the injected tnglutamate was not c eave 
as foui to eight houis after injection The over-all cunes oi 
obtained with the two organisms when eithei pteioylglutamic 1 aii(12) 
tiiglutaniic acid was adniinisteied coiielate veiy ivell however lo 

It is of interest that an increase in the uimaiy ° acid 

following the ingestion of pteroylglutamic acid oi pteroy r ,, ^ 

also oecuiied only foi the first twenty-four hours after ac minis ^ of 

techniques should be valuable foi fuithei studies not only on e 
pteioylglutamic acid and related compounds by normal human e 
on the metabolism of these important nutrients by patients gmoe 

respond to treatment with folic acid and other hematopoetic 
the free folic acid level is very low in the blood of norma assessing 

ceiving normal diets, this measurement alone -would not e compio'''= 

the nutritional state with respect to folic acid Additiona s 
the values obtained with different test organisms for tissues 

will afford data on the nature of the compounds present m la 
body fluids 


summary 

The level of folic acid in the blood of human subjec 
with S faecalis R and L ca^ei as the test organisms tw^^ 
twenty-four hours after the intravenous administration o ^ piomph ’’“P* ' 
glutamic acid oi the equivalent of iiteioyltriglutainic aci compo^'^ ^ 

and essentially equal nse in the blood levels occur rec w the 

were given The level w'as mavimum two hours after but ^ 

analyses were made, was still elevated eight hours a tei 
a normal level twenty-four hours after mjection 
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The -values obtained -with L casei foui hours aftei injection of the -vitamin 
were somewhat highei than those obtained -with S faecalis R when pterojltn 
glutamic acid was admimsteied indicating that some of the tnglutamate was 
present m the blood foi at least foui to eight houis aftei injection These data 
also show, however that conjugases of the tissues weie capable of a lapid ana 
effective release of denvatnes acti\e for ^ faecalis R from pteioyltiiglutamic 
acid 


REFERENCES 

1 Simpson, B E , and Schweigert B S Fohe Acid Metabolism Studies I Occurrence 
of Blood Conjugases, Arch Biochem. In press 
Juke9 T H , and Stokstad E L R Pteroylglutamic Acid and Related Compounds, 
Physiol Rev 28 ol 194S 

3 Suarez E M, Welch, A D , Heinie, R W, Suarez, R M Jr , and Nelson E M Effec 
tiveness of Conjugated Forms of Folic Acid in the Treatment of Tropical Sprue, J 
Lab &, Clin Med 31 1204 1946 

4. Denko, 0 W , Grundy, W E , Porter, J W , Berryman G H Fnedemann T E and 
Youmans, J B The Excretion of B Complex Vitamins in the XJnne and Feces 
of Several Normal Adults, Arch Biochem 10 33 1946 

5 Steinkamp R Shukers C F , Totter, J E and Day P L Urinary Excretion of 

1946 Pteroylglutamic Acid Proc Soc Exper Biol Med 63 556 

6 Sirendseid, M E , Bird 0 D , Brown R A and BetheU F H Metabolic Function 

of Pteroylglutamic Acid and Its Hexaglutamyl Conjegate J L\b &- Cun Med 
32 23 1947 

7 Jukes, T H, Franklin, A L Stokstad E L B and Boelime J W The Urmarj Ex 

cretioa of Pteroylglutamic Acid nod Certain Related Compounds J Lab Cun 
Med 32 1350 1947 

"Hglit, L D and Welch A D Folic Acid Biotin and Pantothenic Acid Deficiency 
and the Liver Storage of Various Vitamins m Eats Fed Succinylsulfathiazole in 
. Highly Purified Rations J Nutrition 27 55, 1944 

« Schweigert, B S , and Pearson P B The Folic Acid Content of Blood From Various 
in « Spiles, Am J Physiol 148 319 1947 

lU Schweigert B S, Teply L J, Greenhut I T and Elvehiem C A The Riboflavin 

and Vitamin B Potency of Tissues From Rats Fed Succinyl Sulfathiazole With 

- ®i^d Without Liver Supplement^! Am J Phvsiol 144 74 1945 
•U Schweigert B 8 , German H L Pearson P B , and Sherwood, B M Effect of the 
Pteroylglutamic Acid Intake on the Perfomianco of Turkejs and Chickens J 
19 If Nutrition 35 89 1948 

Moore, P E , Lepp A Luckey T D Elvehjem C ^ and Hart E B Storage, Re 
tention and Distribution of Folic Acid in the Cluck Proc Soc Exper Biol & Med 

1 Q 1. 

bchweigort, B S Folic Acid Metabolism Studies II Effect of Dietary Intake on the 
Concentration of Free and Combined Vitamin in the Blood of the Turkey Arch 
Ij » Biochem In press 

ieply L Jj and Elvehjem C A The Titrimctric Determination of Lactobacillus 

Casei Factor’ and ‘Folic Acid ' J Biol Cliem 167 303 194o 



STUDIES IN SERUil PROTEINS 
IV OLIN.C.L States E.™.N0 K.m^ 

•V r T. p PnHK M D , E Calvary, M D , 
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andE M Thoaias, MD 
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t^ETEBMINATIONS ot “albttmm” by 
D abo,™ tins faction to be at. now U...^ 

Hotvctct. the “albnmm” values X“ ,ee,,„pho.et.c a, 

mclutle at least ttvo ot the fiaetions leveolcd bj el P ,|„1, 

Il.n and alpha globulm Pot tins each oth^ 

“lobnltn hate been shotvn to beat an el.n.cal e.n.h.-t l»t 

ot the ftequencv and magnitude ot hTpoaIbnm 

appealed desuable oVinwn a deciease ^ , 

Eleetiophoietie investigations have sho w a » sa,npte 

ooneentiatton tn cettatn dtseases,- « '’“^lal t«V, the * 

tthtclt can be handled bv ^ ,?L°enty nntb 'vh.eh the thttaas 
not Aet gne a tine pictuie of the ficq clinical piacticc 

lesponsible foi hAToalbnniinemia ac im ^ shoivii to give f"ie”auml)Cis 

fiactionation methods have 3^ . Iso to peinnt anahsis of U'n ^ 

those obtained bv electiophoiesis- aiseussed veie obtained 

of samples on a loiitine basis jiod to 500 routine seu 

application of 0111 chemical fiactionation 

aiethods jjs folio"’ 

The geneial piinciples of the ^ 

1 Total piotein is estimated Avit olobulin is obtaine J 

2 AVmtiate containing albnmm plus al^pl a^^^^ 

seimn AAuth sodium sulfate at a fina sn 

m the filtrate IS estimated bv the him e loa bV the 

. 3 A filtrate containing albumin alone ^ p^otem m 

sodium sulfite at a final concentration of - 

IS estimated bv the biniet leaction subtiactmg b'*' ‘ 

4 The alpha globulin value is „io])ulm ihtnetnn-' d>'- 

eentration fiom that of albumin pins 


...aationfiom that of albumin pins 

5 Beta globulin plus gamma ^ f,om the total piab^’ ^ 1, 

albumin plus alpha globulin concent.at.on 


mn plus alpna gioouim - p^cl 

ALCiael Kcbse Re e.rch Koun 

These Departments are ™ , 

Becened tor publication ^laj » i576 
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6 Gamma globulin is piecipitated from serum bj ammomum sulfate at a 
final concentrition of 1 39]M at pH 6 0 and conti oiled ionic strength The 
precipitate is dissoh ed in dilute biuiet leageiit foi the estimation 

7 Beta globulin is calculated b) subtracting the coiicentiation of gnmiiiT 
globulin from that of beta plus gamma globulin 

The beta plus gamma gloliulm component was not fmthei fractionated in 
this gioup of patients e\cept lu the suppleuicntaxy group of nephrotic patients 
presented m Tables IV and \ Complete globulin fractionations are now being 
perfonned on a second giouj) of patients and will be icpoited later 

Detailed woiking instructions for the lapid estimation of total pioteiii 
albimim, total globulin iljiha globulin beta globulin, and gamma globulin in 
10 ml of scium will be published shorth * The tune required to cairj through 
the entile piocedure is onh slightlj nioic than twuce that reqmredfoi a deter 
mmatiou of total piotem and albumin bx the Howe method 

iiov-E "AraufiiN" 

Gm per ICO c c 



J'iff l — Uerige relation b t>\een Howe albumin and scrum albumin vuluus In 00 un 
selected sera. 


RESULTS 


Companson of IToite "Albumin ’ Values 11 ifh Albumin Values — It is now 
Scncrallj lecognized that the * albumin lalues olitaiiiecl b\ the Iloiie sodiiini 
™ifate fractionation are ahiajs somewhat largei than the albiimm \ allies oh 
tamed bj elcetiopboresis oi bj chemical fnctionation tcelmiqiies ninth ln\e 
ad justed to cleetropboietic standards ’ “* The diftcrenco between the Howe - 


album{? O'li'iwscs of clarlts -ng inac c-ill 1 tlio 'i>u a obtulnel bi l it Hong rroeg lure 
lo obtahiei! bi loclrophorttlc irocgliiroa or bi gbonilcii ii ctlio Is aJlu tcl 

bj ilri-t. stanilara albumin This does not liiiplj that ibo albumin friction 1 plate ! 
an 1 it; 1 “•’'"’t'-sls Is ntcc aril) a unItar) fraction giccpt In Its bcl uMor In an 1 ctrical Odd 
ton 1,1 pbltablo precipitation conditions. Ther i In fuel, roi on to btllc) tliiit It iiia) 
or Ht least two major subtractions an I \eral otlier minor compon nls 
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“albumin” values and albumin values has been sho^vn to be appioumatelv 
equal to the alpha globulin concentiation-’ ^ and to vary with the alpha globulin 
concentration - In tins senes of 500 hospital patients, the aveiage seium alpha 
globulm was 0 81 Gm pei cent, with two-thuds of the values within the lange 
of 0 6 to 1 1 6m pel cent Most of the Howe “albumin” values weie theiefoie 
fiom 0 6 to 1 1 Gm pei cent gieatei than the albumin values deteimmed simul 
taneously Because this vai ration m alpha globulin values is not large m com 
paiison ivith the size of the albumin fi action, the con elation between Howe 
“albumin” values and albumin values (Fig 1) is appioximately linear 

ALPHA GLOBULIN, Gr.i.^ 



ALDUI.lIN,Gin.^ 


(Eai* 


F 1 & 2 — Average relation between albumin and alpha Mobubn m 500 uns^Iec^^ ^ 
point represents the average of approximately eighty u 

Attempts to apply these data coiielating Howe jjy \ihith 

albumin values to the deiivation of a constant coriection ac 
albumin may be calculated fiom Howe “albimim” !^ijg{giTiiinatiOQS 

definite objections, paiticulaily when the accuiacy of mdin ua fell 

IS eonsideied Although the majoiity of alpha globulm va ues ^ 
in the middle lange of 0 6 to 1 1 Gm pei cent, eight patients a 
of 0 2 Gm pel cent oi less, and sixteen patients had eoncen sbon^i 

pel cent or greater Moreover, study of laige numbers o sa boThabsoIutelv 
a definite tendency for alpha globulin concentrations to m although 

and relatively as serum albumin concentrations decrease, 
scatter of the data both in our series and in that of Chow“ is ve^ ^ 

Fig 2 shows the aveiage correlation between seiiun a gg^uni alba®'® 

globulin values which obtains in oui patients At an aver ^ gjj, per 
of 4 81 Gm per cent, the alpha globulin concentration °ggjjt; at a 
cent, and this value increased to an average of lOO ® P 
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albumin concentration of 2 76 Qm per cent Pmther decreases in albumin 
concentration did not lead to additional increases in the absolute values of alpha 
g obulm, even though its lelative eoncentiation continued to increase Because 
t ose circumstances which lead to a decrease in albumin values also usuaUy 
ead to mcreased alpha globulin values the net change in the Howe albumin ” 
which includes both albumin and alpha globulin will tend to be less than the 
change in the albumin value 

A more serious defect of the Howe ‘ albumm values may be deduced from 
ig^l, vvhere the line which represents the lelationship between Howe “albu 
Tim “Ibumin values has been extrapolated to the base line 

albnm^r''“ “V “ ““ mteriupted line indicates that at an average true 

, cent It suggests that examination of a large series 

1 cent ‘0 be about 1 0 Gm 

suggestion appears to have been boine out ui oui series of 500 
aetcminations Two patients showed Howe albumin’ values between 0 9 
Th„ bad values of 1 30 Gin per cent or gieater 

omia discus^’ eonsideied with the data on the fiequencj of hjpoalbumin 
f ’“<bcates that Howe albumin’ values conceal both the 

9 oy and the magnitude of hypoalbummeinia 

■H’l/poalhumtKcmio — In this senes hypoalbuminemia has been 
imea as a serum albumin eoncentiation of 2 0 Gm pei cent oi less Such 
es occurred in fifty samples from thirtj four patients an incidence of 9 8 
alburn^*' twentj samples from ten patients (incidence 3 8 per cent) the 
were b^l "'as 1 0 Gm per cent or less Howe albumm” values 

e Delow 2 0 Gm per cent in only ten patients and 1 0 Gm per cent or less in 
"my two patients 

studies have shown that marked hj poalbummemia maj 
severe malnutrition, in the nephrotic syndiome in chronic tubeieulosis, 
and hepatic damage, duiiiig lelapsing Plasinodmm max niahna ^ 

of ca"l p of idiopathic familial dj spi otenieniia '= Examples 

and nt ° * *';^o disorders, except for the last two were found during this studv 
ew additional diagnoses were noted 

"^^ble I lists the diagnoses made in oui cases of hjpoalbummcmia and the 
the Quantitatively the laigest gioup was that of pntients with 

dosi*'^^ syndrome Two patients in this gioup had severe renal anijloi 
— Associated with long standing tuberculosis but the lemainder of the patients 

« Ihe nomal 'S™. wnich lias been useU to dcslsnato on abnormal distribution 
“formal constltulfnrs o™ ‘uiu ‘’‘”’’‘1°"'"*“ ’’I ““.nastcU with paritprolciiiemia In which 

of appear in the plasma as In m>elomato3is » Tlie srn 

and Rclfenst^lna^^ ' djsprotcincmia has been <lc cribed b> Honiburger louni? Peter 
^leln Pat^rns^^not” consistlnff of the familial occurrence of gro^tsly abnormal plasma 
and per1phe?a!^rir^,?f*“*’“^ hjpoproteinemla Clinical signs Included 

t, Armstr^niS" V ^ circulatory abnormalitlc<i In affected i\omen 

t"fo °f similar ca cs as Idiopathic hjpoproteinemla and 

Protein formation prlmarj disturbance appears to be abnormal plasma 

tM ■'VuhrnVann o^^er in A\hlch Increased caplllarj permeabllltj appears prJmarj ^ 

{eJnemia but uith „ 1» two tjpes one in which thcro Is hjpopro 

electrophoretic electrophoretic distribution of components the other in which 

Tliov *'”* nephrotic svndrome (nephrosis sine al 

“‘finishing -withTetmla? mrn? Jntennlttent. edema appearing an I 

reeuiar cjclic rises and falls In scrum protein Nalueo. 
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II\ I O UJU MINCMLV 


NUMBCR 

TOT VI 1 
PROTEIN 1 
(G\r %)l 

! 

VUil 
MIN 1 
(Cil 7f) 

TOTVii 

OLOO 

ULIN 

(OM 

VLl 11 V 
GLOB 
ULIN 
(CM %) 

1 BBTV j 
PLUS 
rvMiiv ' 
OLOB 
UUN 
(GM 7c) 

1 

\/Q 

RATIO 

^eph^otlC sindrouie 
Gastrointestinal involvement 
Rotieulo cndotliLlial 'vjstem 
invohenient 

Multiple mjclomn 

Other causes 

Hepatic disfunction 
Hj-po(»ammagIobulineniia 

20 

4 

i 

1 

i 

1 

4 55 
i> ao 

6b0 

0 jS 

^oO 

0 01 

1 74 

18. 

161 

1 S 3 

2 00 

62 

81 

.45 

4 97 

4 /3 

1 jO 

115 

1 Ob 

o' SO 

0 82 

0 90 

2 53 

2 75 

TIo 

3 91 

0 60 

0 2.^ 

0 46 

0 34 

0 33 

0 39 

1 33 

Hp<pital patients 

400 

6 40 

3 

1 n 

n 84 

» -i 


Mnil$ pooled normal 

t 

701 

3 . 

5 4 

1 10 

2 14 


Normal adults 

♦ 

60 S 

3 4*’ 

3 10 

ll)( 

2 10 



■^ornini niluJts + — „ 

Total clobulln \JIU08 illlter sltBlitll fio"' Il><- elobuMn cDinpone 

elobulln fractionation was not perfoniiea In one or more . ,aninl€s of pooled 

H\eragc daU from ^e%eraj detumlnatlon S n^So'and ISO lndi\iciuaU Cbeml 
normal human ««erum tach pool contained sern from bet vc n du anu i ^v 
cal fractionation on tuo of the pools was checked bv elwtrophor tic runs 

JData from the Hanard Plasma Practlonitlon Progrurr- ^ r calculate i 

omission of flbrlnojten 

IMlcliael Ree e Hospltil Serum Center 

Datiiiits maj be inarkedh dnni.ashcd and aieia^c .amnia .lobulm n allies as 
loa as 0 >i &m nei cent liaic been lecorded in ilectiopboietii anahses 
Oinmn globulin leiels in anijloidosis honciei tend to appioacb iininnl 
lalucs,'" “ =’ and a tcndonc) for .amma slobuliii salues to use c uiing c\ac 
erbations of the iiopbiotic sindionie has been icpoited*' le re a it c 

noimal mIucs ot seiuin gamma globulin in annloid ncpbiosis mat be avsoLiattU 
aifh the pieseiicc of laigc amounts of gainnn .lobnlin in the uune 

Chemical fiactionation tallies on tnentt s .m])ks fioin siNtocn “epbio 
children aie picsented iii the Iouli poition of Table >o -.vnli the 

Jobuhii tcncentratioii is 0 30 &ni pel cent a \alue m e ose , i 

talue of 0 33 Gm pel cent obt.mcd In ueia.in. the lepoited ^ 

data (Table IV ) There n. a striking coireHtion of alhunun and gamma 
globulm tallies Ten children tiho had seiuin albumin concentiat.ons bdott 10 
^ni per cent had an a\etage gamma globulin concentration o ^ 

cent uhile siv children ^vlth seimm albumin concentrations abo\c 1 P 

wt l,ad an aterage gamma globulin concentration of 0 62 Gm P^ ccnt Ti^^ 
wsnlt docs not depend upon technical faitois m the saltin. o . , 

"0 bate shottn tint seiuin ilhumm concentrations do not 1 cc 

o£.amma globulin lecoteit ht the method emplot ed * It non hi 
fore that tvhethei oi not proteumua .s consnleted to he the sole f 

albitnimemia nophios.s the same f.eto.s tth.ch aie 
^i^poalbuminemn arc also lesponsiblc foi so\cic h\po„amma- 

Vs a consequenee of the deue.sed 
l'l»s gnnnn .lohulni fiaet.on ttlnch is louahlt eqtutalon to 
ubn eomes to consist ilmost cnt.ielt of beta „lobulni in the it era.e neplnotie 
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patient (Tables III and IV) The serum beta globulin eoncentiations show an 
inveise lelationship to the seinm albumin concentiation The tea children m 
Table III with seium albumin values below 1 0 6m pei cent had an average 


Table HI Serum Protein Fractionation in Patients With the Nephrotic ST^DB 05 lE 
(The samples m the lover portion of the table, for vluch complete fractionation data 
are given, vere studied after conclusion of the series of 300 determinations 
with vliich the paper is chiefly concerned) 


P\TIENT 

NUii: 

BER 

OP 

S VIT 
PLES 

TOTAL 

PROTEIN 
(GM %) 

ALBU 

MIN 

(GM %) 

TOTAL 
GLOB 
ULIN 
(GM %) 

ALPHA 

GLOB 

ULIN 
(GM %) 

BETA 

PLUS 

GAMilA 

GLOB 
ULIN 
(GM %) 

BETV 
GLOB 
ULIN 
(GM %) 

GAMilV 
GLOB 
ULIh 
(GM %) 

A N S * 

2 

Etiology 

4 85 0 15 

Chionic Glomerulonephritis 

4 70 0 78 3 92 



S P I * 

2 

4 70 

0 15 

3 95 

155 

2 40 

— 

___ 

B K 0 * 

1 

4 80 

0 30 

4 50 





— 

— 

PEL* 

5 

3 62 

0 38 

3 24 

1 10 

214 

— 

... 

K A P * 

1 

3 80 

0 40 

3 40 

0 90 

2 50 

— 

— 

FOR* 

2 

3 60 

0 40 

3 20 

0 50 

2 70 

— 


B R Z 

1 

4 05 

0 80 

3 25 

1 60 

1 65 

— 


HOW* 

1 

5 20 

0 80 

4 40 

100 

3 40 

— 

— 

NTS* 

4 

4 78 

0 93 

3 85 

0 83 

3 02 

— 

— 

G U E* 

1 

5 00 

100 

4 00 



... 

— 

G R A* 

1 

6 30 

1 10 

5 20 

140 

3 80 

— 

— 

W I L* 

1 

4 40 

1 10 

3 30 

___ 



— 

— 

D A H 

1 

4 10 

1 10 

3 00 

1 00 

2 00 

— 

— 

S E D* 

1 

3 40 

1 10 

2 30 

0 70 

1 60 

— 

— 

PAN 

2 

3 55 

135 

2 20 

0 55 

165 

— 

— 

W Y Z 

1 

5 50 

140 

410 

130 

2 80 

— 

— 

BOR* 

1 

4 30 

140 

2 90 

120 

1 70 

— 

— 

ENT 

1 

4 00 

180 

2 20 

0 90 

130 

— 

--- 

L U N 

1 

Etiology 
5 40 

Amyloidosis During Chronic Xuherculosis 

1 00 4 40 1 20 3 20 

— 

WAS 

1 

6 40 

2 00 

4 40 

1 20 

3 20 

— 

- 

Average of 

20 patients 

31 

4 55 

0 93 

3 62 

115 

2 53 

^ 

— — 


A/C 

K.WI0 


Etiology Chronic Glomerulonephritis (Complete Protein Fractionations)^ 

1 95 
190 

2 55 
2 50 

2 30 

3 50 
2 05 
2 00 
2 55 
160 


S P I * 

2 

3 40 

0 10 

3 30 

1 35 

G R A * 

1 

3 20 

0 20 

3 00 

110 

C C C* 

1 

3 80 

0 20 

3 60 

1 05 

S E D * 

1 

4 40 

0 20 

4 20 

1 70 

Y 0 H* 

1 

4 30 

0 30 

4 00 

1 70 

A N S * 

1 

4 40 

0 30 

410 

0 60 

COB* 

1 

3 30 

0 40 

2 90 

0 85 

FOR* 

1 

3 40 

0 40 

3 00 

1 00 

S I L* 

2 

4 60 

0 70 

3 90 

135 

HI G * 

1 

3 70 

0 90 

2 80 

1 20 

G U E » 

2 

5 15 

1 00 

4 15 

1 35 

CCA* 

1 

3 SO 

1 10 

2 70 

0 90 

C C E* 

1 

3 70 

1 30 

2 40 

0 90 

LEO* 

1 

3 60 

130 

2 30 

1 20 

K V I* 

1 

4 70 

1 50 

3 20 

0 90 

W I L* 

2 

4 55 

150 

3 05 

0 70 

Average of 

16 patients 

20 

4 00 

0 69 

3 31 

1 

1 12 


Average 

normal 

values 


t 


6 58 


3 42 


316 


1 06 


001 

003 

OOi 

012 

012 

013 

OlS 

O^a 

020 

021 

033 
037 
OlS 
0(0 

034 
048 
0 82 

023 
040 _ 

QJts 


•Starred patients are children 

fData from the Harvard Plasma Fractionation Program 
omission of fibrinogen 



T.bi.iv recalculated 
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seium beta globulin ol 2 09 Gm pei cent, Ailiile those with seiiim albunimcon 
centiations abo\e 1 0 Gin pei cent had an a\eidge seium beta globulin coinwi 
tidtion ot 136 Gni pei cent With the hypeibetaglobulmemia is associated tlie 
hypeilipemia of the typical nephiotie patient since the beta globulin com 
ponents ■which aie incieased in nephiosis caii-^ laige piopoitioiis ot piotem 
bound lipid The seium cholesteiol values in such cases maj^ be gieath eleiatcd, 
they aveiaged 799 mg pei cent in one senes of six patients-" In such sew 
the piesence of laige amounts of lipid makes it difficult to deteiiiiine the actual 
concentiation ol piotem in the beta globulin liaction nith electiophoictK 
methods since the lipids tiansported 1 X 1111 the beta globulins inciease tlie size 
ol the beta globulin peak in the schlieien diagiam, m this lespect themical 
fiaetionation is of distinct advantage, since piotem alone is estimated 

Alpha globulin m the nephiotie patients exhibits iieithei the sinking jiosi 
ti\e eon elation vith albumin values shown b}'^ gamma globulin noi thenegatnc 
con elation shoivn by beta globulin The gioup of childien with albumin con 
centiations below 1 0 Gm pei cent had an aveiage alpha globiihii ot H*) 6'" 
pei cent, while those ■cnth highei albumin eoncentiations liad an ai erage alpha 
globulin concentiation ol 0 99 Gm pei cent These diffeienees aie piobahh 
not significant, and it seems likelj that the failuie of alpha globulin lalucs to 
change significantly ma'\ well be due to the fact that its two niajoi components 
ha\ e diftei ent physiologic actii itics Alpha-1 globulin is a component n nc i 
lesembles albumin m its geneial beliavioi and leiial cleaianee and mac appeal 
m laige amounts m nephiotie uiine®'* Alpha-2 globulin, on the othei am 
moie neaih lesembles beta globulin m behavioi and contains a 
of lipopiotem A simultaneous deciease m the ioiinei and inciease ui tu a 


might well pioduce little net change m alpha globulin values 

It IS difficult to eompaie the lepoitecl eleetiophoietie lalucs in 
patients (Table IV) cliiectly with oui values Nineteen ot the lepoitec 
eleetiophoietie lalues iveie obtained on adults while oiu values 
chiefly on childien Ho-wevei m the flve adults included m oui senes o 
i\nth nephiitic nephiosis and in oui two cases ot annloid nephiosis, 
obtained bv chemical fiaetionation show less diveigence '”*^j.gporls 

tiophoietic values than do ceitain of the individual 
Fiom OUI data it appeals likely that theie iiiav actually be some qm 
difteiences m the piotem patterns of the adult and ]uienile |iic 

The aveiage seium albumin is consideiably highei 111 the adults, an^^ „|q|,i]1iii 
piececlmg discussion one might expect this to be accompanied hi ^ 
values ivhicli aie not ciuite so high as 111 the jmenile nephiotie su ]c 
gamma globulins mIiicIi aie someivhat laisei than in tlie ' out 

the Mhole, the leiieu of eleetiophoietie data given m Table I 
expectations and siippoits the vieiv that the infonnation 
fiaetionation is not essentially diffeient f 10111 that obtained n ^ 


analysis an-” 2 -'' 

In the gioups of patients othei than the nephiotie {Po patii'i’' 

albumin values fell bct-\\eeu 1 5 and 2 0 Gm pei cent (Table the 

mtli leticulo-endothelial involvement and with hepatic dis un 
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seiuni jjlobulin and tlie beta plus gamma t,lobuIin concentiations a^elaged moie 
than 15 Gm jjei cent gieatei than those louiid in tlie a\eiage hospital patient 
In the patients AMth gastiointestmal m\ol\ement and m the nephiotic patients 
total serum globulin and beta plus gamma globulin concentiations eithei ueie 
normal or were increased less than 0 75 Gin pei cent 

DISCUSSION 

The apphcatiou ol chemical liactionation pioceduies to a laige number of 
routine hospital detciTiiinatioiis has confiimcd ui gencial the occunencc of 
hypoalbuminemia in those sjnidiomcs in nhich this findiiij, pieMousI} had been 
lepoited hi imestigatois nho used clcetiophoietic analysis In addition, hjpo 
albumnicmia has been touud in certain disoideis wlucli iii\ohe the leticulo 
endothelial s^stem and ivhicli ordnianh pioduet moie pionounced alteiations 
in serum globulins than in albumin Statisticalh cases ot the nepluotic sjn 
drome accounted ±oi o\ei half of tlie patients in whom albumin concentiations 
of 20 Gm pel cent or less weie found and tins sMidiome accounted foi all of 
tho patients in whom albumin concentiations of 1 0 ( m pci cent oi less weie 
found 

The finding that hypoalbuminemia is not onI\ most tiequent but also moot 
seiero m the nepiiiotic symdiomc has certain implications loi the pathooenesis 
of nephiotic edema It is clear foi example that whatc\ei factoi’s other than 
hjiioalbummemia may be involved ^ hvpoalbummcmia must play a 
largei role in the pathogenesis of nephiotic edema tlian in the patliogenesis of 

other systemic edema The low albumin concentiation>5 the suggestion that 
the seiuni albumin of the nephiotic patient mav come to consist chiefly of an 
albumin subfraction of laige moleculai size’* md the absence of com 

pensatory liyqierglobulinomia appcni sitisfactonl^ to account foi the gieath 
diminished plasma oncotic piessuie of the nephiotic patient^ ^ It seems pos 
sible that edema, iii the nephiotic subject imieases tissue tiiigoi to a point 
''hcie incicased lesistance to loss of fluid iroiii the cipillaiy balances to sonic 
extent the mcieascd tendency to lost fluid wliicli is the consequence of hvpo 
albuminemia In this wav, nepluotic edema becomes a dyui miic factoi which 
niakos possible the maintenance of a n ore oi less adequate circulating pi isina 
volume It is not deal why in the nejihrotic patient dvn nine compensation foi 

Tablt \ Snnuit Ppoteiv iruTiownoN Pvn-EKNb in I vtissts With Hviovlulminemu 


I’Qlnp t». 
'Tolal protein 
Ul)umin 

Total globulin 

'■pill globulin 

iHta plus ffnniraa 
Cwbuljn 

WG mtiQ 


NEPHROTIC SXNDROMB 
GVSTROINTEbTIN \f 

IN\OI\EnFNT 

Usually ]o« 

In UL})hrotic patients way 
be below 1 0 Gm ^ 
Normil or ck\ateil leas 
til in 1 0 Gm % 

Normal or sliglitlv elcvatcil 
Normal or elc\atcil Itss 
than 1 0 Gm ^ 

U u illy below Qo 


HEPVTIC UVSH ACTIOS 
UBTlCLLO EMKJTlIUrVC 
SVSTE>r IWOlVEMbNT 

Normal or high 
Vbove I 0 Gm % 

Ht'ateil more tli in 
1 a Gm "t, 
t ually norma! 
Elc'ateil more thin 
lo Gm 

U^aialU ln-loir 0 o 


' )I\ 10 GAMM\ 

I Gl-OBUl ISEMIV 
' V\ITH LVillJIVTIC 
ITROl HV 

Loir 

VIjovc 1 0 Cm <^o 
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decreased plasma oncotic piessuie should depend laigely upon alteiatioiis m 
intei*stitial piessure, while in most eases “compensatoiy” hypeiglobulinemia 
(lOlative 01 absolute) aids in compensating foi deci eased oncotic piessuie 
In patients with hypoalbuminemia, the presence oi absence of “compeiisa 
toiy” hyperglobnlinemia, the severity of the hypoalbuminemia, and tlie alteia 
tions in beta plus gamma globulin eoneentiation make possible a lougli differai 
tiation of thiee patterns of hypoalbuminemia (Table V) In the nephrotic su!) 
ject and in patients with gastiointestinal mvolvement, the pattern is tliat of 
hjTioalbuminemia with little “compensatoiy” hypeiglobulinemia In patients 
with hepatic dysfunction and with leticulo-endothehal involvement, albuniiiuoii 
centiations aie not so low as in nephiosis, and globuhn concentiations aie sigmfi 
cantly elevated The pathologic physiology of these lattei two gioups of disease^ 
stiougly suggests that the hyperglobulinemia is in fact not “compensatoiy” but 
an effect pioduced by involvement of the globulm-foiming tissue m the disease 
process It is possible that the differences in pathologic physiology which arc 
reflected in the findings of Table V may, on occasion, be employed as an aid to 
differ ential diagnosis 


CONCLUSIONS 

Eapid chemical fractionation pioceduies which give lesults appio\anatiiio 
those of eleetiophoiesis have been applied to a study of 500 seia recene or 
routine analysis 

Systematic comparison of the albumin values obtained by tins method 
Howe “albumin” values shows the lattei to conceal both the fiequenoy an 
magnitude of hypoalbummemia 

Serum albumin concentrations of 1 0 Gm per cent oi less occurred o \ 
ten patients ivith the nephiotic syndionie 

Serum albumin concentrations of 2 0 Gm per cent oi less occuire 
additional ten nephrotic patients and in fourteen other patients 
grouped into the general categories severe gastrointestinal involvemeii , ^ 
dysfunction, and diseases with mvolvement of the 

The increase in serum beta globulm and decrease m seiiini oi 

which has been reported in nephrotic adults has been confiimed m 
sixteen nephrotic children There is a marked correlation between ([j^ 
of hypoalbununemia, the magnitude of inciease in seiimi beta go > 
magmtude of decrease m serum gamma globuhn ,],e 

Increases m total globulin oi in alpha globulin were slight oi a 
patients wnth nephrotic syndrome oi gastiointestinal involvenien ^ 
with severe hepatic dysfunction oi leticulo-endothelial luvo thau 

uhn and beta plus gamma globulin were increased, on the aieia^ , 

1 5 Gm per cent 

We wish to thank Dr B M Kagan, Director of the 
Aledical Research Institute, Michael Beese Hospital, and Dr R TTocnital, for 
Bitter of the Benal Service, Division of Jledicme, Michael . jjjg reported 
hearted cooperation m obtaining clinical data on certain of tlie p 
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r VILURE OP ANTIRETICULAR CYTOTOXIC SERUM 
IN ARTHRITIS 

DvmdII Kling aiD 
r Ob Angeles Cvlif 

imposing list of diseases claimed b\ Bof^omolets’^ and liis co workers to 
A lia\e been benefited bj the antiiLticiiliu e\ totoMc seium (ACS) includes also 
acute iheumatism It ls to be legicttod that the tianslatoi’s weie not awuie that 
m part of the Euiopean liteiature this turn induatos iheumatie tcvei That the 
latter \\ is meant b} the Kussian nuthois is txuhnt In the qualification that 
autiicticnhi cytotoxic scium is eontraindicaUd in patients who suffci from 
endocarditis and mj ocaiditis 

The sensational picss notices omitted the woid icute and both the public 
and plnsieians weie filed with the expettition tbit o cnit foi all foims of 
iheumatism was di&co\ered A „icat clnmoi was luiscd and wlien the senim was 
pioduced m this couiitn it was iminediuteh infioduced into the therapy of 
'arioua foims of arthritis 

PiOMous studies of the reticuloendothelial ikmtnts in the s\no\nl mem 
brane and its lole m the chemotIioiap\ of rheumatoid nilhiitis* * ln\e made me 
auaie of objections to the e\tendcd concept ot the uticulo endothelial sjstem 
(RES) and the theiapcutie application pioposed b\ Bo^^omolots and his school 
noue\ei foi one engaged in the pi iclice of ihtnnmtolo„^ ni in\ estimation oi 
Ihe effect of antiretieulai cUotoxic scium in ihcumatie conditions became 
nccessai} m older to leacli independent conclusions concerning its cfificac} 


IHEI VRATIOV \ND DOSVOE Ol WTIRCTICII \R CVTOTONIC SERUM 

The methods of preparation and standardization of antircticular cjtotoiic scrum A\tre 
desenbed by Marchuks and modifications b> Vincrican m^estigatorso folloued 

Tiie majority of our patients recei\o(l rabbit antircticular cjtotoxic eniin prepared m 
hophilircd form and supplied m a combination package One Mai contained 4 ml desiccated 
‘■erum and another vnl 4 ml of physiologic saline solution In order to discover hj^per 
sensitivity, a prehminary intradermal test was earned out with normal rabbit serum Some 
patients were given rabbit and/or goat antircticular cytotoxic serum f 

Two scliedules were used One followed the original directions of Bogomolets A course 
consisted of an injection of 05 ml of antircticular cytotoxic serum followed after an interval 
of two or three days by 1 mb and concluded with 15 ml after the same interval 

The second method of administration was developed by Straus and associates Injections 
were given twice weekly starting with 0- ml of antircticular cytotoxic serum The do ago 
increased by 02 mb at c ich subsequent injection to a maximum of 2 or 2j miUililer 
18 do 0 repeated up to six weeks depending on the response of the patient 

Clinic of the White ■Memorial Ho )Ual fachool of Me licinc. College of 
Hecelvu for publication AIa> 13 1948 

•uodK express in> appreciation to W>cth Incorporate! Phlla IclnJilu la for tlic 

for thf ® erum and extensive abstracts of Uu slan lltcriturc and to Dr Reuben Straus 
suppij of sera und treatment schedules 

h> Dr Straus in the Departm nt of Patholog> and Re e-ircli. Cedars of 
Hospital Los Vngeles Calif 
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With both methods the series can be given several times after an interval of at lea't 
four weeks Before each series the intraderraal test with rabbit serum was repeated m order 
to discover if hypersensitivity had developed in the interval 

In some of our patients we reduced the initial dose to 01 ml in order to avoid reactioa.' 
If there were marked reactions to rabbit serum, goat serum was substituted If tins also gave 
leaetions, the treatment was discontinued According to Bogomolets the use of antirdicular 
cytotoxic serum is contraindicated in acute and chrome endocarditis, myocarditis, nepliro u 
and nephritis, bronchial asthma, and exudative tuberculosis 

It IS recommended that injections be given subcutaneously* The intravenous route was 
favored bj some Russian authors They (Kavetskiys) applied various tests to determine the 
functional state of the reticulo endothelial system and the effect of the antireticular cytotoat 
seium upon it Most of these tests are too conplicated for clinical use, none is specific Onlv 
the sedimentation tests and the hemogram were carried out on our patients A decreiso in 
sedimentation late and an increase m the percentage of monocytes and lymphocytes is sup- 
posed to indicate an enhanced function of the reticulo endothelial system 

Table I gives the results in sixty cases of the various ty pes of rheumatic diseases 


Table I Results op Antireticular Cytotoxic Serum: in Sixty Cases 


type 

NUMBER OP 

CASES 

IMPROVED 

moderately I SLIGHTLY 

NOT 

IMPI OVED 


Rheumatoid arthntia 

30 

1 

4 



Osteoaithntis 

20 

2 

4 



Fibrositis 

10 

^ 2 

1 

HuH 

Total 

60 

5 

(8 3%) 

9 

(15%) 

34 

(56 6%) 

12 

(205(i) _ 


RHEUMATOID jVRTHRITIS 

Tluity patients with iheumatoid aithiitis leceived antireticulai CitotoMC 
seium They lepiesented a cioss section of the adult foim of the disease, as se^ 
m our clinic and private piactice Numerous peiipheial joints veie a e 
Cases of Stiumpell-Maiie spondylitis and Still’s disease (adolescent 
aithiitis) were not included Twenty patients weie women, ten weie 
ages langed from 23 to 63 yeais The average age was 45 3 yeais The 
vaiied fiom two to twenty yeais, the average duiation was five an 
years The aithntis was mild in thiee patients, moderate m thiiteeii, an 
m fourteen Twenty-thiee patients had received pieviously one oi 
of gold therapy and fouiteen of these have had significant objectne i 

ment oi i emission, lasting from one to five years ^ antiretic 

Fouiteen patients received one couise of the short oi long senes o ^ 
ular cytotoxic serum Sixteen patients were given from two to six seii^^ 
tions In the first group the course was not repeated because of g^juni 

ized adverse reactions Duimg the period of antiieticiilai cj 
therapy, supporting nutritional, physical, corrective, and ana gesi 
was contmued ^jicd 

The results were evaluated after conclusion of the treatment an^ 
up SIX months to a year later One patient showed moderate aii^^ 
subjective and objective improvement The amelioration laste „o iw 

X weeks aftei completion of the tieatmeiit Sixteen patieii s s 


SIX 


•By Wjeth Incorporated and Dr Straus 
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provement and nine became worse Tlie duiation of the disease in the moderate 
ly improved patient was thirteen j eais and vaiied in the three slightly improved 
from, nme to fifteen years Among those not improved theie weie four eases of 
only two yeai-s’ duration and four of less than foul years’ duration Theiefoie 
responses were not better when the disease was of shorter duration or in a less 
advanced stage 

In a control group of 220 patients who were treated with various iionspeeific 
measures alone, about 15 pel cent had mail cd subjectiie and objectiie impiove 
ment In 465 iiatients with iheumatoid aithiitis treated by gold theiapy, ini 
mediate marKed objcctne impioiement was achieved in ovei 52 pci cent Anti 
reticular cytotoMc serum theiefoie was fai less efficient than gold theiapy and 
even nonspecific measuies 

The following is evidence that the poor icsults with antiietieular cytotovie 
serum were not due to uitiaetability of the material twelve patients received 
gold therapy aftei antiretieular evtotovie seium had faded of these seven had 
at least a modeiato objective impiovemcnt Foiii others were improved with 
other measures 

The initial sedimentation latc vaiied fiom 15 mm to SO mm after an hour 
Westergren’s method There was no significant cliati„e in the late after anti 
reticulai cytotOMo serum therapy even in the five instances associated with some 
degree of impiovemout In patients who had severe leactions the sedimentation 
rate rose No marked shift in the hciiiogiam occulted I ho number of injee 
tions and the length of tieatment did not have a significant influence on the 
results Three of the slightly improved patients leceivcd one to two senes of 
three injections On the otliei hand si\ of those w lio got w orse received multi 
pie coui'ses with as many as foul teen injections per senes 

OSTEO IKrHlilTIS 

Twenty patients with osteoaithiitis vveie tiealed All had typical clinical 
and loentgenogiaphio evidence of the affection rifteeii had involvement of the 
spine either alone oi associated with osteoarthritis of the hips hands, and Imees 
Heberden s nodes vveie piesont in foui poisons One patient had involvement 
of the shoulders The ages i aiiged from 42 to 73 y ears the av erage age was 55 8 
years Eighteen patients were women and two weie men This unusual distri 
butiou resulted fiom the prevalence of women among our patients The dura 
tion of presenting symptoms was iclativcly short, from two weel^ to thiee yeais 
The aveiage duration was one and a half yeais The sedimentation rates were 
aoimal or only slightly elevated in sevcial cases 

Uudei antiietieular cytotoMC seium therapy only two patients were mod 
crately impiovcd and three slightly , twelve were unimproved and three got 
"orse One of the modeiately impiovcd patients relapsed one month after the 
trealnieut Eleven patients uumiproved by antiretieular cytotoxic serum were 
gi'eii physical, nutiitional, orthopedic, and climatic thcrapv Of these three 
were unimproved, eight had significant improvement Of those significantly 
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impioved, six lemamed so at least for a veai Tliese lesults cleailj show anti 
leticulai cytotoxic seiiim iiifeiioi to nonspecific measuies commonh used m 
osteoaithritis 

FIBR03I1IS 

Ten patients weie tieated The piesenting symptoms weie pam and stiff 
ness of the vaiioiis muscle gioiips, especially on aiisuig and altei lemaiiiin" m 
one position They weie amelioiated aftei activity and vaimiiig up The lower 
back, the shoulders, and the aims weie involved Theie was teiideiiiess and 
spasm of the affected muscles Fibiositie nodules could be palpated in some 
instances The roentgenogiams showed the joints to be iioimal The sedinicnta 
tion lates weie noimal oi slightlj"- incieased The ages waned iiom 32 to 50 
years, with an aveiage age of 43 yeais The diiiation ot the symptoms was from 
SIX wveeks to five yeais, aveiage duration, two "^eais Two patients weie mod 
eiately impioved, one wvas slightly impioved, six weie iimnipioved, and one 
got woise One patient ■with fibiositis ot the light forearm, wvliicli was niodeiate 
l-\ improved, had a severe local and sy< 5 temic reaction, with fevei, malaise, and 
headache A week alter the leaetion had subsided the patient had a lecnricnce 
and spread of the symptoms to the left foieaim and low’ei back Gi anted that 
this group -was more chronic and stubborn than the majontv ot cases, the ic 
suits of the antiietieulai cytotoxic serum in fibiositis wveie disappointing 


REACIIONS 

Of the sixty patients, thirty-seven (62 per cent) had icactions, of these, 
foul teen (38 per cent) were mild, nine (24 per cent) w’Cie moderate, anc om^ 
teen (38 pei cent) were severe There wvas no significant difteienee in t le i 
of reactions in the various types of rheumatic diseases tieated 56 
patients ivith rheumatoid aithiitis, 70 per cent with osteoaithiitis, 
cent with fibiositis had reactions Severe reactions oceiuied m 23 per can 
rheumatoid aithiitis, 20 per cent w\ith osteoaithiitis, and 20 pei 
fibrositis Mild reactions consisted of inflammation and tendeiiiess o 
of several inches surrounding the point of inoculation In it 

the inflammation spread over a large part of the arm In seweie i 
rnvolved the whole arm to the elbow The skin and subciitis became 
but there wvas no suppuration In one case of ilicumatoid aithiitis 
the olecranon bursa occurred The reactrons started m six to tweii 
after injection “With the sew^ere reactions there w'eie lowv-gia c In 

three daw's’ duiation, joint pain, malaise, headache, and ^ero 

sixteen patients piiiiitiis and urticaria occurred, in six, patient with 

general Eczema under the axillae and thighs occuiiec pal I"*'' 

rheumatoid arthritis In one patient ivith osteoaithiitis, Oim 

puiic spots developed around the puncture points and over patient> 

patient had marked palpitation during treatment Three ^pg the hr' 

dew eloped angioneuiotie edema In twvo patients the eveli s anc 


wweie mw'olwed for several days to tww'o wveeks 

The reactions wveie nonspecific manifestations 


of hw peisensitiwit' 


to icrci-” 


proteins and/or allergj’ 
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Duiiiijj md aftci tlic eouisc of titdtmcnt a dehiiite mcieiie m Iijper 
sciibitmti to antiretieulai c\toto\ic seium occiiired in bome illeigic patients 
Tins IS illustrated bj a tenialc patient with iheumitoid aitluitis nlio de\ eloped 
urticaiia in the fiist comse aftei 15 miUilitei A. second seiics was started 
after si\ iieeks Mitli onlt 01 ml and she deiclopcd a local icaction and uiticaiia 
aftci the second injection of oiih 02 inillilitei Pioiioiis to antiretieulai 
cjtotoMc seiuni administration the patient had a scieie luticuia attei massne 
intiamusculai doses of penicillin and beeswax in oil 

The inajoiite of leactions occiiiied with iiicuasing dosages of aiitiieticnlai 
citotoxic serum Wlicn the Bogomolets schedule ot thice injections was used 
the patients tisualh toleiated the fist injection ol Oi ml but icicted to the 
second { 1 ml 1 oi thud ( 15 ml ) injection In the longci senes staiting with 
02 ml most of tlic leactions occuiiod at the middle or end of the coui-se when 
the dosage approached 1 oi 2 inillilitei Two jiationts treated elsewhere with 
long series of injections manifested acute inllaminatioii ot the preeiouslj noimal 
thumb and wilst joints Piolongcd senes ot injections with \cn short intenals 
were gnen for one oi mote tears b\ some plnsicians If antiretieulai cjtotouc 
serum should hate a cumulatne effect the pioloii„ed theiajit mat act similarlt 
to a blocking of the loticulo endothelial ststini In experimental animals 
Emeison Ewing, and Tlioiuas® pioduced setere maciocjtic anemia by high 
dosage ot autiioticulai cytotoxic sciaim 

DlSCtSSIOX 

Bach’" in 19d5 repoitod foitt eight patients with different ttpes of arthritis 
treated bj antiretieulu ejtotoxie scium Thiitt fitt ot these lud rheumatoid 
arthritis Rogoft Fiejbeig, Powell and Rice" m 1947 published results on the 
treatment with anttieticulai cjtotoxie seniin ot twenti nine patients with 


TaSLE II EESUITS of ASTIRLTICenVB ClTOTOXIC bErlJl I\ RlIEl MATOID AlilliraTlS 


ALTHOr 1 

1 

1 \.EVR 

\l MWLU OF 
PVTIEVTS 

ODJUTUfc JMI rO\l MCST 1 

REL.\PStI» 

A> TLr M, ECKS 
TO 12 MO 

CASES PER CENT | 

iJacJiio • ‘ 

aad ^^orJ^ers^ 

iina Co uorUersi^ 

TotaT ^ 

J 115 3o 3 0 - 

1BI7 -’O a t” 

1047 31 7-0 2 

1018 111 o lb o 

IJ15 lOlS 1-S 1 1 I-i 0 

(o0%) 


fheumatoul arthritis Eight patients with rheumatoid spoiuhhtis (Stiumpell 
Mane tipe) wtio mcluded m this stnts Boots Goss and Rigan" in 1947 
aiialized lesults in tliiiti tom patients with ihenmatoid ailhiitn. These 
authors coiieluded that the itsulls of aiitiicticulai ostotoxic serum were dis 
toura„in^ or inconciusne 

Table II sunnuaiizes their combined lesults and ms own in rlieuimtoid 
arthritis Of 12S patients ticitcd eighteen (14 pn cent) had some device ot 
°l>jccluc impiosement In the niajorits this impiosement was oiili moderate 
‘‘•’olit In over 50 per cent iclipses occuned ifter a short pciiod \s 
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pointed out pieviously, an equal oi better peieentage of improvement was ob- 
tained by nonspecific measuies 

Moieovei, EogoiE and co-woikeis^^ gave to a eontiol gioup of fourteen 
patients with rheumatoid aithiitis noimal lahbit seiuni alone Two patients 
(14 per eent) showed objective improvement and one had subjective improve 
ment The lesults equalled those obtained by antiietieulai eytotoMc senini 
This suggests that any benefit may be due to a nonspecific serum effect rather 
than to the specific influence of antireticulai cytotoxic seium Bach used anti 
reticular cytotoxic seium piepaied in Bogomolets Institute and sent to Eng 
land Stiaus^^ recently pbmted to the possibility that this seium was inactivated 
in transit He found a loss of antibody titei below significant levels m anti 
leticulai cytotoxic seia which he had received from Eussia However, this does 
not explain the equally poor results of the other authors mentioned who worked 
with antiieticular cytotoxic serum produced in the United States and tested 
and approved rn Dr Straus’ laboratory 


CRITICISM OF BOGOMOLETS’ CONCEPT OF THE BETICULO ENDOTHELUL SYSTElI 

Elieumatord arthritis should be the most hlcely type of arthritis to respond 
favoiablj to antiieticular cytotoxrc serum, rf Bogomolets’ concept is hue 
though rts specific etiology is unknown, inflammatory leactions are pieseu m 
the sjnovial tissues, in the subchondral bone marrow, m the lymph nodes, n® 
cles, tendons, perivascular and perrireural tissues, in the skin, and m o 'C 
organs Some nrvestigatois regard the disease as a systemic hyperergic 
especially of the mesenchymal tissues, closely related to rheumatic fever 
latter, according to Stiazhesko,“ antireticulai cytotoxic seium is ene 
the second, hyperergic, stage Therefore the failure of jl,al 

serum in rheumatoid arthritis is very disappointing It was ponite 
Bogomolets and co-woikeis are not directly responsible for the use o 
reticular cytotoxic serum m these forms of chronic aithiitis 5 ^ stem 

However, the greatly expanded concept of the reticulo endothel 
whrch, besides the macrophages and histiocytes in different 
cutaneous tissues, includes all unformed connective tissue an ^i^ assunip 
such as osteoid, cartilaginous, and synovial tissue, lends itse ° 
tion that a general remedy has been discovered for treatment o 
which is located in organs of mesodermal origin, for nistance 


arthritis tbe 

Against such unwai ranted geneiabzation it should be a JouW 

fruiction of the retieulo-endothelial system, which is establis e i 
IS phagocytosis, storage and digestion of particulate impoda"* 

such as bacteria, cells, fat, and colloidal dvms The evidence o 
functions, such as antibody formation, is controversial gtiated b' ^ 

MacMasteis and HudaclU® and Ehricli and Hams 
senes of ingenious experiments that the antibodies ^ ^ 

Ijnnphocytes and also possibly by the plasma cells Un ei ° ^ jjicIibw^ 
these cells do not phagocytose or take up selectively vita 
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of tJiese cells in the reticulo endothelial system therefore is not justified Kass^’ 
proved that the Ijmphocjtes produce the normal gamma globulins and the 
liiinume globulins Pomeiat^® has shown that the globulms are the effective 
fraction of antireticular cytotoxic seium The antigen is extracted from four 
parts of spleen and one pait of bone maiiow Theiefoie it contains a large 
portion of lymphocytic extiact and the potency of antiretieulai cjtotoMc seium 
as an antibodj is at least partly due to the lJmphoe^ tic fiaction Jaffc^° rightly 
pomted out “It is not eleai whj the authors who have piepaicd oi used 
extracts of the spleen identify the substances obtained from this oigan with the 
reticulo endothehum since the spleen is composed not onh of leticulo endothelial 
cells but also of other structures ’ 

Applied to the iheumatic diseases, the objections can be summarized as 
follows 

First it is not proved that the leticulo endothelial sjstem is depiessed in 
an} type of these diseases 

Second, the role of the reticulo cndolhchal svstem in pathogenesis and 
therapy has not been definitely established In the rheumatic diseases piesented 
m this material and reviewed fiom the htciaturc the lesults of antireticular 
c}totoxic serum have been discouraging 

Third, It is doubtful that antiretieulai cvtotOMc serum is a tiuo antire 
ticular serum 

The consistent efforts of Bogomolets and his school liave stimulated valuable 
research Howevei, until accurate and piactical methods of evaluation of the 
reticuloendothelial system and its role in a given disease have been claboiated 
and until a firm basis of action and efficiency of antiieticular cytotoxic serum 
has been established and possible advcise effects have been eliminated, its intro 
duetiou mto general practice, especiallv in the theiapy of iheumatic diseases, 
should not be encouraged 

SUMMAR\ \ND CONCLUSIONS 

The therapeutic effects of antiretieulai cytotoxic scrum weie studied in 
patients with different types of chrome rheumatic diseases On the basis 
of our maternl and a review of the litciatuie it is concluded that thcie is no 
indication for antireticular cytotoxic serum in the tieatmcnt of ostcoarthntLS 
3nd fibrositis, whicli are ameliorated as a rule by physical, oithopedic, and drug 
therapy lu iheumatoid aithntis and Strumpell llaiie spondylitis which are 
so serious and often resistant to treatment, a trial of antiieticular cytotoxic 
scrum oil the basis of an occasional significant improvement may be justified 

Important objections to the concept of the extended reticulo endothelial 
system have been pointed out 
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THE EFFECT OF SUCCINATE IN 'MESCALINE ILVLLUCINATIONS 


P W SCHUELFR, PlI D 
low V Cm low \ 

INTRODUCTIOV 

T WESTIGATIONS b} Quastel and Wlieatlev' ^ ]ia\e indicated that the oxi 
1 dation of siicematc is not inhibited b^ the piescnce of baibituratcs and ceitain 
of the naicotic amines as is that of glucose lactate and pMiuate Following, 
this len siiooGstne conclusion, SosUin md Taubenhaus^ pioposed the use of 
sodimn succinate as an antidote to barbituiute poisoniii„ in wJiich the sueemate 
i\ould sei\e as an oxidizable substiate until the baibituiate was eliminated 
from the bod} Othei iin estigatoi’s^ " are divided in opinion as to the antidotal 
effect of succinate in baibiturate h}pnosis Compaiatue e\peiimeiits b> De 
BoeF® conceimnQ the diuictic effect of sucdnate and suciose indicate that the 
decrease m sleeping time pioduccd bv suctmatc in baibitmate lijpnosis ma} 
bo coirelated with the degiee of duiiesis piodiucd 

Succinate dso has been found to be ot considcnble txpeiimental inteiest 
in the tieatment of dialietic acidosis” in protection against poisoning b} 
dithiols,” and in the place ot salic}Iates m the tieitmcnt of iheumatic fever” 
In spite of this new mteiest, the possibilitv of usin^ succinate in the tioat 
nient of inicotic amine depicssion has not been investigTtcd In particulai 
'10 have become interested in the possible effects of sucennte on the vei} stiiking 
Usual hallucinations pioduced b} mescaline f3 4 5 trimethow ^ phenjl ethjl 
amuie) Kescabne effects have long held the inteicst of e\peiimcntal psjchi 
atnsts and plnrinacologists through the possible insights the\ maj give into 
‘Wine aspects of the mechanism of hallucinosis The liteiatme on mescaline is 
'nst VNith a paiticulai emphasis upon visual effects Ivluver” in a coinpie- 
hensive review outlines the visual effects characterizing the piOoiessivc m 
toMcation of human subjects from a single dose of mescaline sulfate These 
t'onipribe a set of irhenoraeua which are more or less constant for all individuals 
^>'d include the development of (1) giatin^ lattice fietwoik filigiee honev 
comb or chessboard (2) cobweb, (3) tunnel funnel alltv, cout or vessel and 
spiral 

^laii} other phenomena are on close txaiiundtioii nothing but modifications 
^>0(1 transformations of these basic forms The tendenev toward geomctiiza 
bon, IS e\piessed in these foim constants is also apparent ns the intoMcation 
Progresses The fomis are fiequtntl} repeated combined or elaborated into 
ornamental designs and mosaics of various kinds The elements constituting 
^bese forms such as squares in a chessboard often have boundaries consisting of 
('Cometric figures 

These developments are aceonipaiiicd bj an eqiiallv vivid development of 
ii ^ban t colors incoipoiatcd into the changing designs Tlie compounding of 

Eroin the Department of Pliarniacolog> State LeWeraiti of loua 
Ueceheil for publication Ma) 0 J948 
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the designs leads to mental images of foimed objects — faces, chairs, mountains, 
groups of people, and so on 

In addition to the visual phenomena, certain physiologic effects will be 
mentioned latei in the discussion which may have some bearing on the results 
of this study The foiegoing geneial outline regaidmg the development of 
visual eftects is impoitant foi oiientation to the chronological oidei and depth 
of the effects produced in the following experiments 

EXPERIMENTAL , 

Expeimrental procedures were earned out m two directions (1) m utro 
studies concernmg the effect of mescaline sulfate on rat whole brain respiring 
on glucose, lactate, pyruvate, and succinate, and (2) in vivo studies on normal 
human subjects The method followed in the in vitro studies was that of 
Quastel and Wheatley" and involved manometiic measuiements on chopped, 
mixed, whole rat biam tissue in Krebs-Eingei and (M/15) phosphate medium at 
a pH of 7 4 The mescalme was made up in Krebs-Ringer-phosphate media an 
neutralized to pH 7 4 before addrtion to the brain The brain suspension (1 
to 200 mg ) was allowed to respire rn air in the Warburg flasks in the pi’csence 
of the drug until the uptake of oxygen had fallen to about 75 per cent o i 


Table I 



OXYGEN UPTAKE* IN Mil 3 AT 37° C FOR 
n S oir RAT SPAIN FOR 2 UR 

PER CElT 

decre vsedce 

TnMES0AlI''E _ 

SUBSTRATE 

WITHOUT 

MESCALINE 

■WITH mescaline 

ro 1%) 

Saline 

300 

290 

30 

Glucose 

0 025% 

620 

390 

59 0 

Sodium lactate 

0 025% 

730 

480 

52 0 

Sodium pyruvate 

0 025% 

790 

450 

53 0 

Sodium succinate 

0 025% 

860 

852 



•Each uptake expressed in the table is the average result of seven flas 


mitial value, at which time the substrate was added This un la 
usually about two and one-half to three hours Readings wem 
hours after substrate addition, and the per cent decrease in onceutmf*'^'’ 

by 0 5 Gm of rat brain due to exposure to mescaline at a na was 

of 0 1 per cent in the presence of glucose, lactate, pyiuvate, an 
noted These results are reported in Table I 1 student 

Subjects for the in vivo experiments were sophomore me sulfa*'-’ 

teer-s These rndividuals were given doses of 150 to 480 mg o tliedcsic®'’ 

intramuscularly and the hallucinations were allowed to deve op chaii^'a- 

obseived were of great complexity and the colors of vivid an lUjctk'* 

hues Then sodium succinate (20 per cent in steiile succinate ^ 

the extent of 3 to 6 Gm intravenously, and the effects o ® ont 

hallucinations w’eie recorded The actual procedures were c «era 

Psychopathic Hospital, Department of Psychiatry, ivheie a 
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kept under caieful observation at least t^vehe hours follo^ving the acute phases 
of the expenment 

The results of these experiments aie outlined m time sequence of tlie effects, 
the drug being administeied intramuscularly (gluteallj ) in phj-siologic saline 
solution The acute phases of the expenment were earned out in a dimly lighted 
quiet room Avith the subject reclining Subjects lAere advised to keep then ejes 
shut and report frequentlj with piompting if necessary, the piogiess of the 
visions and any other symptoms invohed during the course of the expenment 
The experiments summarized in the following outline consist of (1) thiee trials 
illustratmg individual sensitivity to mescaline throughout the acute couise of 
mescaline intoxication (Experiments 1 through 3) and (2) four trials illus 
trating the effect of sodium succinate guen mtiavenoiislj near what appeared 
to be a peak effect of mescaline vision development (Experiments 4 through 7) 
Onlj those subjects showing a lelativeh high sensitivitv as evidenced by profuse 
visions of great complexity and color were chosen foi the succinate adniinis 
tration 


ExpERruirNT 1 — 20 year old malo subject 132 pounds B P 13-1/74 pulse, 108/mm 
** P’ 150 mg mescaline sulfate intramuscularly 

** 55 First hallucinatory pUenomena Black and red lionzontnl lines in definite sequence 

2 58 Lattice ^vork of snow crystals 

3 00 Square building like objects m all colors in one plane 
3 08 Siranns of Uttla fish like objects 

3 15 Perfectly drawn black circles on a yellow background 
3 20 Purple snails with impression of the sky turned upside doivn 

3 25 looking down on a row of tents hung over a line witli scrips of colored glass 
scattered about 

3 30 Looking up at sky as through apex of a cone Briglit nates of color 
3 33 << All different colored stars " 

3 35 Little doll like people coming out of a hall in every direction 

3 40 'Different colored balls in tinsel going crisscross bumping and sticking togetlier ’ 

3 42 Increasmg hesitancy to answer questions Fancy buildings lacework bricks "Just 
floating through ’’ 

3 45 Ona noman with a dog, man tips hat wind is blowing and woman is gone Smiles 

hesitates~"Everytliing tickles mo —"Most of the time I feel I'm just watching 
but once in a while I'm taking part " 

4 00 Big smile Towers, not real towers laccy liko Eiffel tower "Wlien I see things, I 

nant to keep them but can t " 

4 10 “I fegj ijjg — jjjg jjjjg with big hands that can break real big things " Nogativ 

ism 13 extreme and subject answers questions with great hesitation, 

4 30 Chicken coop with wiro around — multicolored background ' I seo spots color spots 

"You bother me " 'I want to be left alone * 

35 Things getting darker "I’m hungry ’ 

5 3 *^ ^°^6d to convalescent ward and a meal 

. a few dull colors and simple designs 

30 Almost all effects except a slight intoxicated feeling have passed off Pushing, on 
eyeballs gives some bright colors 

^ 00 The next morning Feels fine Still some slight color intensification upon pushing 
on eyeballs 

ExrzRiuEsr 2— 23}earold malo subject, 140 pounds, BP 110/29 pulse OO/ram 
in 07 mescalino sulfate intramuscularly 

10 "s 

A shinj peach colored ball m center of Visual field 
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10 34 A lattice work of lines (wlien pressing on eyeballs) 

10 45 Slight nausea anti dizziness Sees nothing without pressing on ejeballs 

11 00 Sees color background start to fill the field, but it passes may when he tries toob-eiii 

it more closely 

11 08 A dull green pattern wlucli is greatly intensified by piessing on cj chills 

11 20 “Feel bulbous ” Feels chair and arm to be out of proportion One sole of Wv 

■vastly larger than the other 

11 30 Some hesitancy in answering questions with a tendencj to gesture anil diakc limi in 

answering lather than talk 

12 00 IN’o visual effects without pressing eyeballs 

12 30 Feels room is distorted and hallway is funnel like but no color or design effect' 

2 00 Feels fairly normal 

E\perime\t 3 — 25 year old male subject, B P , 128/08, pulse, 88/nun 

1 27 300 mg mescalme sulfate intramuscularly 
1 40 Slight vertigo 

1 50 Fullness in head with tingling in lips and around mouth 

2 00 Legs feel unusually heavy Visual field somewhat “lighter” but no effects cicipt s 

dull flicker when pressing on eyeballs 
2 15 An additional 60 mg mescaline sulfate intramuscularly 
2 40 No effect even when pressing eyes 
2 50 Still no visual effects 

4 20 Still no visual effects Pupils dilated somewhat 


Succinate Expenments — 

Experiment 4 — Same subject as in Experiment 1 

1 25 220 mg mescaline sulfate intramuscularly . I 

1 50 Predominantly white and black line patterns oier field changing to su u 
and blue on white Colois alternating quite rapidly 

1 55 Lacework — white on black watli color in the background getting progroosue 

2 00 Small objects, like letters, revolvmg on lacework background, tlien i *- 

bright red and oiange making up a wheel 
2 10 ilany' rings and various abstract patterns getting laiger and brigliter 
2 30 Now many briglit colored, multiple formed objects floating in air 
2 45 Brilliant scenes of formed objects like arm cliairs floating across valleys 

(5 Gm of sodium succinate injected mtravenously, slowly, into arm reptiad 

There is an almost immediate dulling of color and the formed o )jec 

b\ simpler patterns which are on a brownish background eirtiic- 

2 55 A browmsli haze with no patterns The subject is now fairly ta a i 

about the rapid change pssin" 0“ 

3 30 The usual field seems lighter, but no designs or color even upon pr a 

3 45 Pressing on eveballs reveals some fretwork of dull brown ^ j , 1,-11 

4 00 The fretwork design with some bright flashes seems more comp ic 

only when pressmg on eyes j, i^n inaiol'' 

Prom this time on, light colors appear as background and eve op ^ 
of the lined fretw ork type These effects gradually pass o > 

1 EP iWi’-li 

Experiment 5 — 26 year old male subject, 175 pounas, ^ i 


1 25 480 mg mescaline sulfate intramuscularly xello'v ‘O "t, 

1 35 Six spike snowflakes clustered around a luminous bill of off m k'*" 

1 45 Bright yellow circle like a doughnut The background is mar e , 1 , omo*' * 

2 00 Feels “high,” drunk Brilliant colors everywhere Feels vtrv 


2 40 Complicated designs ind rapidly changing colors 
time in answering questions 
(6 Gm of sodium succinate injected intravenoush ) 


The subject is 'i-n 


it-uit 
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'> 50 “Color nnQ dLsigu aro gone except for dark blue black background 

1 00 A. fca dark blue lines on, dark bad t,round Intoxication is pa'oiug off The subject 
talks freely nitli no heiltanc^ N'ou feels someuimt euphoric 

3 30 Still no color or design but ftels a little euphoria again 

4 00 Peels somewhat numb and euphoric nitli a light color tinged visual field with definite 

simple dull colored fretwork disigiH 

7 00 Eupliona Ins pas ed off Verj aleepj and exhausted 

Experuicnt G — 22jearold nnlc subject 1^1 pounds BP, 121/SO pule 83/min 
1 43 2/0 mg me caliue sulfate mtramuscularlj 
1 oO Feels a slight ‘headinesa* that comes and goes 
30 Bull fl islics of light with background of green fading to purple 
”40 1 whirling design like a fin witJi violet spider webs 

” oO Colors hnglitor with much red and green and occasional designs in orange or jellow 
” OO I eople m silhouettes piling on top of each other on a background of Indian designs 
A bright sun appears and spirals of bright xcllow 
3 10 Brilliant patterns with silhouette figures m all colors 
(3 j Cm of sodium succinate intravenously ) 

3 ’0 Colors liave blurred and show mamlj dull browns and greens on a black background 

3 3o Visual field la still dull with simple fretwork /lesign on dark background only upon 

pressing ejeballs 

4 00 Feels fairlj normal vvitli color in background onlv on pressing 

5 00 Color la returning with drunkenness and high feeling Colors quite vivid but pat 

terns simple when pressing ejeballs 

0 00 Still ^higli with some color mostlj dull browns and gnens or blues in background 

Color brightens when pressing ejcballs 

8 00 All color passed off with only some general visual fiehl green or brown 

Espeujibnt 7 -“Samo subject as m Experiment 5 

1 4o 4S0 mg mescaline sulfate intramuscularly 

i jO Qrav snowflakes in black and white mosaic pattern 
1 ot ‘ Exhausted like at end of the daj 
00 V little nausea 

“ 10 Black and graj white background with pm points of yellow and green Color fading 
‘ m and out ’ 

30 Design IS increasing in complexitj with light increase in color Fretworks cobweb 
designs ' melting in and out 

40 Progress m, complexity with many details various parts of visual field show isolated 
“independent activity and development with effect of third dimension and per 
spective 

^00 V. considerable increase in color with manv formed objects — people anininls in con 
stant movement with a brick colored mosaic background 

3 30 Much lieautiful coloration and formed objects m three dimen ions 

(5 Gm of sodium succinate intravenously ) 

^ J laces of people and formed objects rapidlj melt and di olve with an alnio t 
ininiLdiato cos ation of color effects 

40 No pittems or color even when pushing on cjeballs Feels fairly normal with a Iittlo 
euphoria 

4 00 '^omc vague design of i smipU mosaic "hen pushing on cveballs 
4 30 ^tiU some simple design and a little color when pu lung on ejcballs 

> 30 Feels quite normal but leepj and hungrj 

^ 00 Sus Tiguc graj on black, simple lattice work when pushing on ejes in a darktiieil 
room 
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Miscellaneous Effects Observed in Some or All of the Subjects Which Are Cauicil hit 
Mescaline and Which Are Antidoted Partially by <SMtcin<iie —Abolition of cremaster rdei, 
abolition of bladder filling sense, increased knee jerk refiev, depression and decrea=e in 
cooperation, iiitb hesitancy of speech, space and time distortion, depression of respintien 
Effects Not Antidoted by the Succinate — ^Dilatation of the pupil, hunger, tightnc s 
across the face 


DISCUSSION OF RESULTS 

The in vitro expeiiments earned out on lat biain dlustiate and confirm at 
essence the infoimation obtained by Quastel and Wheatley that oxidatious b) 
biain tissue aie inhibited less by mescaline when lespiiing on succinate than 
when utilizing glucose, pyiuvate, oi lactate It should be pointed out, however, 
that these inhibitions aie obtained onljr jf the biain is meubated with the diug 
in the absence of substrate foi the initial two and one-half to thiee houi 
None 01 veiy little inhibition was obtained in this laboratoiy when the suistia e 
was added at the beginning even in the presence of vastly larger quantities oi 
niescalme (up to 0 5 per cent) In light of the fact that lelativel} siua oaca 
of mescaline, consideimg the total body weight of human subjects, pro u 
profound effects within thirty to sixty minutes after the intiamuscu aiw 
tion, it is difficult to correlate the conclusions of the previous j 

regarding the in vitro effects of mescalme with the rapid, very laiM 
which it produces in relatively small doses in vivo Neverthe ess, 
tion of an antidotal effect by succinate, in greatly decreasing tie cm 
designs and color, was strikingly demonstrated The mime la e ® 
curate seems to be the complete cessation of hallucinosis in some 
in others a decided regression of the visions to an earlier, simp ei 
great loss in color intensity . jo i 

That the effect of succinate in lessening the hallucinosis can 
diuretic effect seems also unlikely since the succinate e ^ ® 

In addition, after thirty to sixty minutes the succinate e ec see 
and color and design again appear, though still much 3iiiount= 

the succinate This would seem to indicate the presence o s ggtionscc™ 
of mescaline, making an antidotal hypothesis based upon a [jj5 ijecii 

untenable Possibly a considerable part of the injecte siicci 
utilized bv other cells of the body in thirty to sixty minutes jeiraid k 

Also obseiw able wms an antidotal effect of succinate (jeiiia’'^ 

general demeanor and physiologic responses of the subjects suo-H'*'*'' 

in cooperation and hesitance in speech observed were ^ filling 
bv a more normal attitude and readiness to talk The ^ ^ ^ j the 

returned and there was some lessening of the knee jeik le n i 

Respiration was increased by succinate, as was obseiwed } o oiies'^^^'"^* 

less of the mechanism, the effects seem most striking and < 1 '-''=’^ 

immediately after injection of succinate, “It was as i 
w ere being w'ashed awmv ’ ’ 


SUMAIARY 


If tc were carraA- 
In vitio and in vivo experiments ivith mescaline sr a 
The in vitio experiments confinn the observations pieviou 


ij ulit 
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mg the lack of uihibitory action of mescaline on brain lespiiing on succinate 
and the definite inhibition of brain respiring on lactate, p> ru% ate, and glucose 
In vi\o experiments in human subjects demonstrate an antidotal effect of sue 
cmate on mescaline visions ivith regaid to a decrease both in complexity of 
design and intensity of eoloi A consideration of the lelatively large amounts 
of mescaline required to suppiess brain respiration m vitio as compared with 
that required for tho production of its m vi\o effects, howevei, leaves some 
question as to the relation of the in vitro suppression to the process of hal 
lucmosis 

Tho autlior malies to acknouledge the assistance and advice of Dr J S Gottlieb in the 
use of lnt^a^enou3 sodium succinate and the suggestions of Dr E G Gross in the selection 
and use of subjects in human experimentation 
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ABSOEPTION, DISTRIBUTION, AND RENAL EXCRETI0^ OP 
MANDELAMINE (METHENAMINE MANDELATE) 

John V Scudi and John P Rfinhard 
A'onkers, N Y 

M ANDELAMINE, a uiinaiy tract antiseptic now in clinical use, lias liccii 
the subject of leeent investigations in which it was lepoited'' tiiat 
Mandelaniine, stieptomycm, and snltathiazole aie appioMiiiately equal in tliur 
activity against oiganisms which commonly invade the luiiiaiy tiact It 
found that organisms develop resistance to sulfathiazole and stieptonuon 
lapidh and to a lemaikable degree, but, in contrast with these fiiuhiigs, nsist 
ance to Mandelamine did not appear at all In order to gam fiiithei msi, it 
into the properties of IMandelamme, the following phainiacologic studies neic 
rrndei taken 


EXPERIMENTAL 

Chemical Methods — Foity cubic centimeters of 0 IN sulfuric acid were ^ 

of Mandelamine (50 to 200 mg per cent) ind the solutions weie steam ' ' 
to produce 40 c c of distillate in sixteen minutes The distill ite was aua wee 
Indo bv means of Denmges’ colorimetric method 3 Two houis were ^ units, 

deielopment Final readings, measured in a photoelectric colorimetei at r, (One 

compiled with a reference curie prepared by using standard solutions o ^ di 

gram of formaldehyde is equivalent to 1 02 Gm of Mandelamine) >o 
tillation was i elected because approximately 50 per cent of the unah'- 

to formaldeh%de in this conveniently short period of time Under t lese c 
of Mandelamine solutions (3 12 to 200 mg pei cent) gave in aierage 

yrolfin 


cent (Table I) Results are, theief ore, divided by 53 n 1 enmrea 1 11'“'"' 

The method is diiectly applicable to urine, but application to proudun 

free filtrate piepared according to the Haden modification of tie 
Mandelamine added to whole blood in concentrations of 50 to 200 mg per LorrC'P""’' 
IS shown in Table II The limit of sensitivitj of the method, 0 6 mg pw^'^ ^ 

to a concentration of 6 mg per cent in whole blood In actual pricticc i 
wore obtained when blood concentrations were 20 mg pei cent or iboie moJi''' 

Creatinine was determined according to the Folin Wu colorinie ric 
for photoelectric measurement at 5,300 A units ^ 

Distnhuhon of Mandelamine in Whole Blood ^Jlande J**''*-'' 

per cent) was added to hepaiinized dog blood and the nu'^ jiial'^J 
gently f oi thii tv minutes Samples ot tvhole blood and p as'" ’ „,iii 

then Mandelamine content, gave the data (expiessed 
plasma watei) shown ni Table III In oidei to appioach P and s ui’P'''’ 
moie adequately, the diug wms injected intiavenouslv j indKat' d'**’ 

whole blood and plasma weie then analyzed as betoie n ^]t m 
the ding leadih penetiates the led blood cell and distii lutes mtereh u' 
to the watei content of wdiole blood These expeiinients aie 
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Table I Evtb Oi H\dfoiysis op Mandelamine 


MAADELAiriNFABDEDTOUriNB | 

I ER CENT CON\ ERSION 

(MO %) 1 

IN 10 lUN 

3 12 

511 

12 5 

53 6 

50 0 

51 3 

200 

o2 9 

Mean 

o3 0 


T-OJLE II REC0\ER\ of \DDED TO ^\ HOLE Blood 


UANDELAMINE ADDED 

(MC 7o) 

1 MANDLLAMINE RECOVERED | 

1 (mq i 

PER Cr\T RECOV ER\ 

200 

201 3 

100 7 

198 

210 5 

100 3 

198 

210 5 

106 3 

198 

20S 1 

IOj 1 

198 

208 1 

1051 


90 4 

95 0 

95 2 

00 4 

9d 0 

49 8 

50 8 

102 0 

49 8 

50 2 

100 S 

49 8 

484 

97 2 

oOO 

50 7 

101 4 

Mean 


11)1 -t ± 1 s 


Table HI Plasiu Erttiipoc^te Partition of ^L\VDELAM 1 NE (Doo) 



AUOUKT ADDED l 

MVNDEfAMINF RECOVERED 

(MO 7c) 


PROCEDURE 

OR INJECTED i 

1 VVHOLE BLOOD 
piasmv/0 92 ! /0 7D 

I»/B 

iMandelatnine added to 
whole blood 

Mandelamme injected 
intravenou<»ly 

24 8 nig % 

113 8 mg % 

118 8 mg % 

200 0 mg % 

200 0 mg % 

200 0 mg % 

7o0 0 mg Ag 

7o0 0 mg At, 

7d0 0 mgAtt 

2o0 0 ragAg 

2 d 0 0 mgAg 

2o0 0 uigAg 

29 0 28 0 

lata 1-14 4 

132 0 132 2 

2S9 1 203 3 

220 (1 217 7 

2o4 9 243 0 

80 2 73 0 

83 0 87 3 

<3 7 71 3 

37 .< 33 2 

.8 1 26 8 

37 a 33 2 

1 Ou 
100 

0 9j 

1 08 
101 
lOo 

1 03 

1 01 

1 03 

1 13 

1 09 

1 13 

Mean 


1 04 ± 

0 Oo 


neelion with the following studies of flic iciial e\cietioii of ^randelamiiie It 
maj be noted here that the eijtliiocjto inembiane has been emploiod latlicr 
than the ceUophane moiiibiane ficqiieiiflj used in studies of piotcin binding 
Renal Clearance and Distnbutwii of Mandcluminc in the Hop— Four 
taangiel, male dogs (weigliing 7 to W kilogiains) maintained on a staiidaid 
ration were fasted oseiniglit before each expeiiineiit At the outset the dogs were 
given 300 to 500 c c of watei bj stomach tube and li^lit anesthesia was induced 
h' intraienous injection of 60 pel cent of the anesthetic dose of Nembutal 
Creatinine (150 mg pei kilogram) was injected subcutaneoiislj and ten minutes 
'ater additional crcatinino was given both siihcutaneoiish (7j mg pej kilogiain) 
and mtraieiiouslj (75 mg per I ilogram) Jlaiidelaminc (250 to loO mg per 
hilogram) was administered intiaicnouslj thiitj minutes after the creatinine 


TAW} IV l?INAr Ci FAIIANCE AND Dl&lUBUlION 01 MaNDLLAMINI, 
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Bunered solutions oi ilandelmnuie (1—5 to 10 per cent m piiT~iolcgic 
•^aluie) ■were injected into the '•haved abdominal oi tne rabbit An im 
taut dru" included to insure a positive response produted evere necrosis at 
the Sites or injection, but the buner saline and 3fande!amine SDlutions gave 
unnormlv negative results- 

Unnanj Excretion of Manddamine in Hunan Subjtct^i — Clinicallv 1 Gm 
dos=> OI Uandelaniine are adnunisttred b\ mouth three or lour tmics dailv One 
gram oi llandelanune thereiore was administered orailv to each oi dve mak 
volunteers ^ mth the results shown m Table VI It mav be seen that effective 
concentrations * oi the drug were attained m the unne within three or lour 
hours, indicating a relativelv slow absorpnom and these (.oncentrations per 
sbttd lor at least another seven to eight nours In a eeond experiment mvolv 
mu lour normal male subjects 1 Gm. oi the drui wm mven and alter six hours 
a -Second dose was administered. Cnne samples col2e< ted at the times indicated 
m Toble TI were analvzed tor their ilandelauimt concentre aons with the re 
suits shown In a third experiment ( undertaken because or the notable lack ot 
tonatv or ilandelamme) twice the recommended dose namelv 2 Gm was ad 
tmnstered to two volunteers and the dose was repeated in twelve houis As 
N. 0 Tm in Table VI this dose schedule al»o gave adequate unnarv concentrations 
‘♦round the cIocL It ma^ be concluded irom the^e data that 1 Gm oi Handel 
‘♦cnne administered bv mouth three or lour times daiJv wiU in the presence or 
nonnal renal runction, produce and maintain antibacterial concentrations or 
ilandfelamme in the unne 
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In order to establish more con\'inciD2lv the eiiectueness or the aucepted 
•losage nine volunteers were given 1 Gm or ilandclaniine bv mouth at 9 00 
o^OO pji and berore retinnsr These experiments were continued lor a 
period or tour consecutive davs It sliould be emphasized that these subjects 
continued in their normal occupations with no limitations imposed upon the fluid 
ot lood intake Dailv unne samples collected ai 10 00 A.n were analvzed with 
results shown in Table VH All unnarv concentrations were \nthin or 
‘♦^"e the range or antibactenal effectiveness The mean oi all "relues was 

30S Although the figures -vaned sitmificanth among thenisehes 

^ shown bv analvsis or vanance that differences within individuals were no 
^gmfic ant withm the observanon penod or rour davs It mav be concluded 

C^icffiercial irandelamine tabl*»t3 -were used In all human experiment- 
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theiefoie, that a dose ol 1 Gm thiee times daily will, in the piesence of normal 
lenal function, pioduce antibactenal concentiations of ilandelamme in the 
mine 

Can oil and Allen® have leported that, following ingestion of ilandelamine, 
the mine of 96 per cent of then patients became and lemamed acidic without 
othei medication oi lestiiction of diet oi fluid intake Oui findings m noimal 
subjects aie in agi cement with those of Cairoll and Allen Invaiiably the 
minaiy pH was loweied, and m all instances a single dose of 1 Gni wassufti 
eient to lowei the uiinaiy pH to about 6 The iinnaiy pH was maintained be 
tween 5 8 and 6 4 when 1 Gm ot the diug was administeied thiee times daih 
foi foul days 


SUIUMARY 

Mandelamine leadily penetiates the led blood cell and distiibutes itself 
in pioportion to the watei content of -whole blood In the dog the volume of 
distiibution appioMinates the total volume of body watei The volume of dis 
tiibution ineieases with time, piesiimably because of extiaienal activity The 
diug iindeigoes tubulai leabsoiptioii in the dog These obseivatious aie con 
sonant with the view that the diug peisists in the oiganism In human su 
jects, 1 Gm of Mandelamine administeied thiee oi foui times daily is adegua e 
to pioduce and maintain antibactenal concentiations of the ding intlieunne 
The notable lack of toxicity of klandelamine is coiifiimed 
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BIBEDDING OP PATHOLOGIC SPECBIENS Ih 
TRANSP*VRE\T PL-VSTIC 
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INTRODUCTION 

IN THE teaching of biologic sciences it is essential to be able to demonstrate 
specimens of animals and soft tissues This is tien moie true of some of the 
medical sciences, partieularlj gross anatomy and i>at]ioIog> The prDser\ation of 
such specimens aBajs has piesented a lerj difficult problem The most usual 
and piobabi} the most sattsfaetor^ method at present in geneial use consist in 
filing the organs or slices of oigans in \arious fluids most of uhich as a imle 
contain formalin, with the addition of \arious substances designed to retard as 
much as possible the loss of color and shrmko..e These specimens generallj are 
mounted in round or square glass jars E\en uith (lie greatest caie however 
and with the best Imoivn procedures this method offri’s uunierou& disadvantages 
First of all color piescrvation is good to fau foi onJ\ a lelatnelj short peiiod 
of time, beeauso on standing theie is piogiessive bleaching In the second place, 
^rinkage takes place with distortion of tlie specimen Third there are the 
factors of weight and difficult) in handling hulkv museum jars with the dangei 
of breakage, difficult) of tiansportation and so on In addition there is gen 
erallj great difficulty in perfectlj sealing such jars, with the necessitj of adding 
or reneumg the fluid from time to time, and finalh the preserving fluid becomes 
discolored and after a penod of time needs renew mg ^ en often also turbiditj 
occurs 

Employing substances generally known as plastics which can be. transfoiraed 
rom the liquid to the solid state successful attempts have been made particu 
arl) by &ando,' to imbed mmeials insects and similar stiuctures in transpaient 
"^ks* However, the procedure involved the use of chemical dehydrating 
agents and it could not be applied successfiilh to animals or organs of animals 
containing lar^e amounts of water without considerable loss of form and color 
c combuiation of drying fiom the frozen state (by sublimation of water 
vapoi) impregnation of the dried tissue with the liquid monomer polymenza 
and subsequent mibedding in a tianspaicnt solid plastic has vieldcd good 
preservation of both coloi and form of tlic most delicate human animal and 
vegetable tissues 

The use of dehydiation by sublimation of water from the frozen state was 
^fegfcsted by the fact that plasma and othei complex colloidal substances can 
VMthout deterioration ® 

I>epartnient of Clinical Pathology of the Brjn itaur Hospital and the John 
pe Uestarch Foundation of the Bon Mawr Hospital 
U %\ork waa aided hj a research ^ant from the Rohm and Haas C<?mpan> 

Uteehed for publication Ma> 4 1948 

Ivampnieir and Havlland ha\e published a method for tho mounting of 
'{xxitneni n*^paratJons in Caatolite Thw method does not preserve the natural color In 


loll 



1312 


Strumia and HERSHEV 

teeJt' vXllToU ^ b..e 

has been eonsideiably nnproved and apnhed 

higan of the human body and nnmL, ^^beddmg of piachcally evei, 

The early pi onuses of this method have h vegetable specimens 

publication deals mostly with piesentatmn Paitly leahzed The present 

most constant and satisfactoiy lesults Tim te f " lias given tie 

tmn foi the coDection of anatomic an^n^ r'' 
schools, medical and veteiinaiv and f specimens foi teaching in 

and the allied sciences ^ ^ ^ teaching of biology, zoologv, bofam, 

procedure 

sisting of a miAtuie of 90 is iinmlnbited monomer con 

nietliacij late This nuxtnin It) pei cent ethvl 

tioii pi 101 to use '* ' ocneia y packed in diy ice to avoid pohineiiza 

to aild^mirnttfe"" monomei must be maintained in the lefiigeiator 

can be maintained fm Uiidei these conditions the liquid monomer 

imiuiained tor seveial months 

eially foi slices of oi^am technique desciibed below is intended espe 

sible of excessn e^f tiimnied caiefuUy and fieed as much as pos 
uot be limited in width exudates Slices of oigans need 

not exceed 2 cm +i i^ should be reasonably flat and should 

capsule should uc mess Organs oi shces of organs winch have a tough 

kidnT This is ;aiticulaily tiue of the 

tmie hut lUQfn should be accomplished in a lelatively shoit peiiod of 

IS impoitant not fieezmg is by no means necessaiy oi even desnable h 

of low tPm,.7 : " specimen to lemain exposed to the div atmosphere 

siipeifieial rh ^ eabinets for too long a peiiod of time, in older to avoid 
specimen t/^e^ would cause loss of color and distortion in tiie finished 
Pionci dpoti f technique foi shoes of oigans is as follows Into a pan of 
water to a do' 7^77^^ nietaUic (although glass ivill do almost as well), po'"' 
of about -20°^P u about 1 cm and allow it to freeze and cool to a temperature 
This qhniTin 1 uiing this pioeess a laised lump often foinis in the middle 
Imnieisp tlm ^ ‘^^’^^^uUy scraped oft in older to have a peifectly flat surface 
on the fni m water and while it is thorouglily n et lay it carefi ' 

to the baap of -'kUow it to freeze, so that it becomes firml} attacie 

Each lavoi ^ lapid succession thm layeis of watei (03 tol enu) 

the Dioppdn? allowed to fieeze befoie addition of a new one ContuJae 

ice ('Em 1 1 whole specimen is coveied with approximately ^ ^ 

that ZrZ from the foim and tiinuned 

IS no excessive lee on the sides Poi whole oigans, pioeeed as fo o' 


that tha-na *aen removed fron 

IS no excessive lee on the sides Poi whole . 

and Haas cSmpMy* known as Plexiglas It can be obtained from 


the 


pObT) 
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Piepare a base of ice as outlined Place the organ, thoioughlj Avetted, on 
tlie base and allow it to freeze When the specimen is tlioiouglily frozen and 
fixed to the base, with an atomizei spia-v it scAcial times with a thin lajei of 
ice A layer of 1 oi 2 mm in thickness is enough to piotect the suiface of the 
organ from drying and subsequent loss of coloi and shiiukage The specimen 
IS then completely imbedded in ice by addition of successive layers of water of 
about 1 cm in thickness Carefullj avoid pounng the water on the oigaii itself 
m oidci not to melt tlie glaze of lee 



Before placmg the frozen block m the drying apparatus it is desirable to 
^bip off as much as possible the excess of lee in order to reduce the peiiod of 
^Omg Specimens maj be preserved in the frozen state without appieciable 
deterioration for more than a >car This operation is not essential except as a 
tiiiiesaver Tlie ice blocks must be thoioughlj chilled to -20 C oi less befoie 
Ihcj are transfeiied to the dicing appantus 

of Siiccimcns From the Frozen Stoic Any appaiatus of proper 
^spacitv designed foi the diving of biologic ils from the fiozen state can be 
for tins purpose It must be capable of maintaining a temperatuic of -12 
to -15 C or less in the specimen itself while the water is beiiio removed b^ 
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sublimation An appaiatus pieviously desciibed^ oi any similai one has been 
found to yield excellent lesults It is desiiable to place the blocks of ice con 
taming the specimens to be diied m a loosely tied bag made of a single la\er 
of gauze (12 mesh) The wiapped specimens aie placed m wiie baskets or on 
suppoits of the same mateiial and so ariaiiged as to allow a fiee flow of the 
water-vapoi Foi medium sized specimens (appioximately 5 to 7 cm in o\er 
all thickness and of any width fitting the diying chambei) and with the ap 
paiatus mentioned, five days aie sufficient foi complete diymg The watei jacket 
heating the drying chambei should be maintained at a temperatme of 37 to 
40° C Highei tempeidtuies may be mjuiious to specimens containing large 
quantities of fat Veiy laige oigans such as an entiie brain leqiiiie about ten 
dajs foi complete dijung Ceitain specimens, foi example an entiie animal or 
fetus, eontaining trapped an, such as that contained m the gastrointestinal tiact, 
01 soft tissues 111 a haid oi bony shell at times show some distoition fiom shrink 
age in the final specimen This can be avoided by dulling holes befoie ficczmg 
Otheiwise diymg fiom the fiozen state, when properly earned out, causes no 
distortion of the specimen noi loss of color oi stiuctnie 


T) imming and P) esc) vatton of D) led Specimen Once the specimen is dried 
it should be caiefulh maintained so by placing it in a glass desiceatoi containing 
a suitable dehydrating agent, such as magnesium peichloiate (trihj'diate) 
Specimens may be kept m the diied state befoie imbeddmg foi several veeksoi 
even months without appieeiable deteiioiation Foi optimal results, hmveiei, 
the dried specimen should be imbedded as soon as convenient The speciiiieu can 
be tiimnied with a very sharp knife m ordei to remove all loose portions an^ 
for the purpose of improving the specimen It has been noted that 
of a slice of oigan after drying for the purpose of obtaining a veiy 
even surface allows a much bettei vieiv of the intimate stiuctiue of the i 
Excessive fat can be removed readily at this time, avoiding damage to t le s^P 
men Dust and loose particles must be removed carefully from the sui * 
the organ v itli a soft bi ush 

Satu) ation With the Liquid Monomei The diied specimens appear ^ 
lost then color and textuie These are restored immediately 
m the liquid monomei at loom temperature It is most essential to o a 
thorough satin ation of the specimen with the liquid monomer, , , jylj 
replaces all spaces previously occupied by water This is accoinp 
mitting the jar containing the specunen to a high vacuum m a 
catoi As a lesiilt of the piocediiie of piodueing a vaciiiun an media® 


times m succession, it will be noted that the specimen wiU sink m 


eady 


r for the 


and will issue no moie bubbles At this stage the specimen ^ jP,„,eii>ion 

passage to the thickened monomei, unless it is desirable to pio oiio gmeiit, a 

in the monomei foi the purpose of leinovmg excessive amoun specimens 
procedure which should be applied to such oigans as the hvei jnoiioiuar 

of livei 01 oigans containing other diffusible pigments or ^ until it 

should be changed a numbei of times during the process o sa n 
remains deal and practically colorless 
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Prehmmai y Pat tml Polymei tzaiton of the Medium — 

Equipment and Reagents 

1,000 cc Eilemnejer or Floience flask (Pyre\) 

500 c c of the mixed unmlubited monomer 
100 mg benzoyl peroxide 

"Water bath, electiieall} heated and with spark pi oof switch 
A chemical hood If provided with a motor dri\en aspirator the motor 
should be of the induction type (spark proof) 

Proceduie To 500 c e of the monomer in the Erlenmejer flask add 100 mg 
of benzoyl peroxide Immerse the flask so that the \e\ el of the manomer is at the 
lei el of the watei of the ■water bath maintained under a hood Bring the water 
to the boiling point The boiling point of the eth^l methacrjlatc is about 110 
C , but the polymerization is an intensely exothermic reaction and the monomer 
will soon bod Bemove the flask from the watei bath the monomei will bod 
without additional heat Allow boding to proceed foi two to three minutes 
Carefully cool without unncccssarj janing but with a constant swirling motion 
undei running cold water until bubbling ceases Continue cooling for approxi 
laatelj ten minutes imtd a temperatuie of about 40 to 45 0 is reached Place 
m the lefrigoiator (4* C ) until ready to use The material can be thus stoied 
for several weeks 

Since the vapois of mctlijl methacrvlate are highlj inflammable the> 
should be kept from all open flames sparking switches motors and so foith If 
possible, place switches outside the hood At all stages the piepolymerization 
process should be closel) observed since the reaction is intensely exotlieimic and 
the monomer will soUdif} or bod over and form an opaque mass 

Amounts laigcr than 500 cc may be prepared Howevci gicatoi difficulty 
is encountered in cooling rapidl> and thcrefoie the monomer may go on to 
complete solidification 

The consistency of the final pioduct is directly propoitional to tlie length 
of time the monomer is allowed to boil The times given here pioduce material 
which is about the consistency of extra heavj oil or molasses 

Imbedding of Specimens — For the imbedding of specimens and the prepara 
tion of solid bases a temperatuie of 40 to 45 C is geneiallj employ ed For tins 
purpose any hot an ov en may be used provided the thermoregulator is spark 
proof A thermoregulator of the sealed meicuij tvpe is satisfactorj 

When laige specimens arc imbedded the heat of poljmeiization mav be 
sufficient to pioduce a temperature consideiablj higher than 40 to 45 C, and 
if the excessive heat is not iapidl 3 dissipated bubbling will occur and thus spoil 
the specimen In these instances a piopcr tcmpLiatuie can be maintamed a 
blower, activated bv a thermostat set to close the motor circuit at 46 C (Fig 
2 ) 

It 13 desiiable to use glass containei'S foi the final imbedding jMetallic con 
tamers have not proved as satisfactorj Ordinal^ squaie refrigerator storage 
containers or baking dishes as well as photographic travs have been "used 
good results It is profeiable to piopaie the receptacles with a hard base 
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of plastic on which to lest the specimen This haid base is piepared by pomm>' 
into a clean dish of suitable size and depth a layei of about 2 cm of the paitl} 
polynieiized monomei Foi this puipose veiy thick medium can be used Cmei 
the dish with two oi thiee layei s of cellophane, tightly fitted, and place in the 
lefiigeiatoi until the medium is absolutely fiee of an bubbles Place at 45“ G 
until the medium is entiiel} haid The base is now leady to leceue the speei 
men The following pioceduie is lecommended 



Fig 2 — 0\en with bloner 


Foi fiat slices of oigans, oi thin oigans such as intestines, pom 
piefoimed haid base a small amount of the liquid monomei and 
oughly w et the base as well as the sides of the contaiiiei Poui the hqm o 
diam lapidly Pom over the haid base a layei of the thickened nionom 
culated to be just enough to covei the specimen If bubbles have oinie , ^ 


ivith cellophane and place in the refiigeiatoi until they all have isa 


eaied 

Do not allow the pouied thickened medium to stand foi any a 

without a covei, paiticulaily at loom tempeiatuie oi m the the 

tough film foi ms which lendeis subsequent opeiations difficu j^pjjgaieric 

medium is fieed of an bubbles, lemove the specimen fioni ^ ygrv 

medium and place it edgewise in the thickened medium by ouei 
giadually in such a mannei as to avoid trapping an bubbles 1 gpggmien 
saiy at this time to add some of the thickened mechuni to 2 to 3 

completely, but iindei no condition add at this time a layer ],aie beeo 

centuneteis Cover the container with cellophane, and if an bu q 

formed, replace in the lefiigeiatoi until clear Then set in tie 
for polymerization A block 3 cm thick will harden in appiovuna 
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at 45 C Successive lajeis of 1 to 2 cm iii thickness maj be added to obtain a 
block of suitable size 

Imbedding of Large Irregular Oigans The teehiiiqiie just described applies 
well to slices 1 to 2 cm thick of anj oigaiis such as livei spleen, lymph nodes, 
thyroid, lungs, kidneys, tumois, and to flattened out specimens from laige 
vessels, mtestine, gall bladdei , and so on 

Large irregular oigans, howcvei, such as lieait lung uteius brain and 
whole hvei require considerably more time and care It is gcneially necessary 



F/g- 3 — Specfnien fmbeddetl In the block of transparent plastic 


to begin the operation by piepaimg i base of suitable size 'Wlieii this is oh 
tamed, the oigan viliich is lemoved fiom the liquid monomei is coated \uth a 
thin layer of thickened monomer hv imniei ision and pi iced on the base The 
coutainei with the base and the specimen is then veiv carofiilh sciled with many 
'ayei-s of cellophane oi similar mateinl It is placed m the rcfiigciatoi so that 
It 13 thoroughly freed of biibliles and then placed m the oven at 45° C This 
process is repeated until the organ is covcicd with a sulistaiitial lavci Great 
tare must be eveicised to eovci the whole oigan and to avoid trappin„ air 
bubbles When the organ is thus glazed and fi\cd to the base piocced eaicfullv 
to imbed it by adding successive layeis not e\ceediug 5 cm in thickness in order 
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not to soften excessively the glazing on the oigan 'Whereas the imheddmg of 
thin slices of oigans offeis no difficulty, the imbedding of entire laige specimens 
challenges the skill and ingenuity of the opeiatoi The results lioweiei are nell 
worth the eftoit 


Finishing of the Specimen 'WTien the specimen is completely solidified, tk 
edges of the plastic aie detached fiom the glass with a shaip knife On cooling, 
the blocks detach themsehes fiom the vails of the coiitainei and Mill easih 
fall out with gentle tapping (Fig 3 ) The finishing of the block is earned 
out as follows The solid block first is lough-cut to the approximate size and 
shape of the final block desiied with an oidinaiy band, ciiciilai, oi jig san 
If a lathe is available it is well to tiiin the faces of the block doiin, since tins 
will insiiie an absolutely flat sin face Since Plexiglas has niaclimmg qualities 
similar to those of biass and eoppei, metal cutting tools of this tjpe can be used 
A coolant (water, oi soap and water) may be used if desiied If no lathe b 
arailable the block may be faced to a smooth (not acciiiately flat) siuface hr 
fastenuig emeiy papei to a block of wood and hand sanding with a ciicular 
motion It IS advisable to stait the sanding with a coarse giade of emen 
papei and finish with a fine giade If a sandei is aiailable the noik niav be 
accomplished much nioie quickly'-, but the final sanding should be a wet cue, 
which will gi\e a soft satin finish that can be buffed easily Best buffing lesiilts 
aie obtained vnth a veiy soft, open type of buffing wheel and an abiasive I'hich 
is a combination of fine alumina with wax oi giease bindei, and a polishiiio 
tallow The block, when finished, should have a high Instei and be fiee fioi" 
coloi and as tianspaieiit as the finest optical glass 


Reimhedding Afte/ Cutting of Imbedded Specimens To obtain a perfect! 


be cut 


smooth siiiface of slices of oigans oi tumois, the imbedded specimen can 
thiough with a fine band saw oi similai tool and then polished as outline ^ 
the point of a smooth, even, peifeetly flat siiiface, oi most of the deal oe^ 
can be cut away and the specimen made flat by diy gmiduig The 
then leimbedded as follows Place the entiie block w'lth the expose ^ 
suiface uppeimost in liquid monomei, and by^ means of high vacuiun 


resaturate 


the tissue Place face up in a suitable container and proceed to -- 

- ■■ formation oi 


xeimbed, foUo'f 

mg exactly the technique outlined previously'’ To suielv avoid 
bubbles on the raw suiface of the exposed oigan, it is desirable to s 
specimen overnight in the icebox prior to poly^nieiizing at 45 

Very thin, practically tianspaieiit sections can be obtained by jjjr 

as outlined and then cutting, polishing, and imbeddnig the other su 
slice These specimens are particularly valuable foi teaching ^ 

Removing Ti apped Ai-i Bubbles Trapped an bubbles can be 
an otherwise satisfactory block by cutting and/oi diiUmg ^ satisfador' 
activated by a lugh-speed motor, 5,000 revolutions per o grgi type:> 

foi this purpose A tool with a flexible shaft is most desiia e 
drills may be obtained for practically’’ any purpose 
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Commonest Fmlwes in Imhedding of Specimens in Plexiglas —These c&nk 
listed as follows 

(1) Loss of coloi Cause Pievious fixation in foimalin oi pi obliged im 
meision in liquid monomei 

(2) Sliiunken poitions Cause Incomplete immeision in watei during 
freezing 

(3) Tuibidit}^ of the medium Cause Improper oi incomplete dijTiig, 
01 excess of fat in the specimen 

(4) Formation of hubbies Cause Excessive lieat diiimg polymerization 

(5) Diffusion of pigment from the specimen Cause Too slow polymeriza 
tion A conunon occuiienee with eeitain speemiens, such as livei 

(6) Dismtegiation of the specimen Cause Generally too prolonged e\ 
posuie to monomei at high tempeiatuie 

(7) Fuzzing of the specimen at the peiipheiy Cause Unknown Speci 
mens thus affected maj^ be cut so as to expose the innei portion and leiinbedded 
Mith good lesults 

(8) Foimatiori of white precipitates Cause Unloiown A not unconuiion 
occuiienee in imbedding very' laige specimens such as hearts and lungs Avoid 
prolonged immersion in partially polj'meiized methjd metliaciylate by addmg 
thin successive layeis 

(9) Biittleness and loss of stiuctiue in cutting Cause Iinpiopei im 
piegnation of dried specimen with liquid monomei 

DISCUSSION 

With the process desciibed one can obtain pieseivation of the coloi and 
form of human specimens and smiilai material not possible with any otier 
method known to us These points aie illustrated in Figs 4 and 5 Fi" 
shoivs a flesh slice thiough a poition of a large xantlionia of the knee, wi^ 
areas of hemoiihagic degeneration Fig 4, B is the same specimen aftei 
and trimming Fig 4, C show's the specimen imbedded in the finished 
Figs 1 and 3 show' the same specimen frozen in a block of ice and at the sa^^ 
of imbedding ni the rough block of Plexiglas Fig 5 shows the tumor piesen 
in a block of Plexiglas and a siimlai portion preserved m Klotz solution 
period of one year Fachng is already very noticeable in the specimen piss 
m fluid . 

For a slice of any oigan up to 1 oi 2 cm m thickness, it is 
three weeks from the time the specimen is frozen to the tune the ^ 

is obtained The technique of euttmg imbedded specimens, polishing 
surface, and reimbedding is lecommended foi optimal results g^mien, 
causes thorough impregnation of a perfectly smooth section of tie 
particularly in such organs as livei, kidney, lung, and so on, thus pe 
obseivations of minute details of the stiuctiue gr of 

The technique for the imbedding of sections of organs, of jairly 

entile animals can be said to be fauly well standardized and to pro ^ 
unifoim and satisfactory lesidts Less constant results aie obtain 
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- Fig 5 — Left portion of a xanthoma of tlie knee preserved in IGotz solution for a period 
ot one >ear 


Riffht similar portion of the s 


i tumor preserved In a block of Plexiglas 
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bedding entire large oigans, sueh as an adult heart, lung or biain With this 
type of matenal the results ha\e been at times biiUiant but not uniformly so, 
and failures haie been just as common as successes It is expected that improve 
ment in the technique of imbedding and possibly in tJie preparation of the 
monomer employed may gieatly aid the solution of the pioblem With proper 
lUununation, tianspareut blocKs of Plexiglas containing organs oi portions of 
organs have a paiticuhily lifelike aspect These specimens can be handled 
readily without dangei of bieakage and they lemam absolutely unchanged for 
periods in excess of at least five yeais 
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A CONVENIENT AND EAPID PKOCEDURE FOR TOTAL CHOLESTEROL 
ESTEMATION USING AN ACID CIILOROFORII EXTRACTION 

Joseph L Zuciu^kman and Sahufl Naielson 
Brooklyn, N Y 

T his papei descubes a simple lapid method foi the deteiminatioii of total 
cholesteiol m blood seium 

The alcohol-ethei e\ti action methods aie time coiismiiing because tliey re 
quiie tiansfei and evapoiation of the solvent Recently methods ha\e been 
repoited foi the deteimmation of total cholesteiol in one test tube by the a( i 
tion of acetic anhydiide diieetly to the blood seium in the pieseuce of so lum 
sulfate^ 01 of dioxane« These methods leqiiiie pioeediiies which need seieia 

houis foi completion , , 

The method deseiibed heiein will jield the desiied lesiilt in 
foity-five mimites It lends itself to use in the loiitine laboiatoiy m w uc i o 
numbeis of deteiniinations must be done simultaneously Foi evanip e, 
total cholesteiol deteiminatioiis in duplicate maj be completed m tvo 

The piesent piocediue depends upon the fact that dilute aci ,j 

01 satuiated solutions of sodium sulfate, will split cholesteio jput 

the piesence of ehloiofoim Simultaneously, when this e\ti action is i 
111 a shaking machine, the eldoiofoim completeh extiacts tlie c o es e ^ 
The piefeiied pioceduie, theiefoie, consists ot placing ^ ^ j fat 

tube, adding dilute sulfuiic acid and ehloiofoim, stoppeimg t e dia 

flee lubbei stoppei, and centiifugiiig The piecipitated pio cm , 
inteifaee of the acid and the ehloiofoim The supernatant iqui 
tein button may be aspiiated off with the aid of watei sue jg de 

of the chloioform lavei taken Acetic anhydiide is adee of con 

veloped at constant time and tempeiatuie in the daik by e ^olor 

centiated sulfuiic acid This coloi may now be lead in a pio 

imetei , , eiopnient 

When this extiaction pioceduie is used, maMinuni co oi e constant 

in seven minutes at 25 to 26° C The coloi is theiefoie e\eo 
tempeiatuie bath at 25 to 26° C and lead aftei seven ^ against the 

Fig 1 IS a stiaight cuive obtained by plotting ^ j,jo 60 fibei' 

leading m a Klett-Summeison photoelectiic coloiimetei with tbc 

A sundai cuive is obtained using 625 m/i as the absoiption 
man spectiophotometei ^ foi cholcdcro 

A bos. was designed to shake simiiltaiieouslv 150 to - iecil>io'-nh“p 

evtiaction This box is mounted on a staiidaid laige sizec aiiO 

shakei Fig 2 shows this box, made of five-plv ’ o jjoidmg h”** *^°** ^^ 
lubbei -faced plungeis This shaking box is also siiita e oi 
in place and shaking them simultaneously 

From the Biochemistry Laboratory Jewish Hospital of B 
Recened for publication June 8 1948 
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X ~~CpntaIner -nith four compartments for sh^Inff 150 to 

Inc partition B rubber facing O inovnblo ■wooden partition D metal rod E clamp- 

reu F test tube G rubber stopper held In place 
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By moving the plungeis foiwaid and fivuig them m place with set screws, 
the lubbei-stoppeied test tubes aie held tightly in place as they are shaken back 
and foith 


REAGENTS 

10 per cent sulfuric acid (10 Gm of concentiated H SO^ made up to 100 ml) 
Cliloroform, anal} tical grade 
Acetic anh} dnde, analytical grade 

Cholesterol standard, 0 2 mg per millimeter Forty milligrams of cholesterol recni 
tallized from acetone and dried are dissolved in less than 200 ml of acetic anhjdndeina 
volumetric flash at 60° C , when completel} dissolved, the solution is made up accurate!} 
to the 200 ml mark 

Recovery solution, 0 025 mg per millimeter Tift} milligrams of cholesterol ire di' 
solved in 200 ml of chloroform, 10 ml of this solution aie diluted to 100 nil 

Tat free stoppers No 0 are allowed to soak in chloroform for about half an hourauJ 
then dried with gauze This is repeated each time befoie use 


PROCEDURE 

To a 15 ml test tube is added 0 1 ml of blood serum, to this is added -1 ml 1* 
per cent sulfunc acid The acid should be blown from the pipette with force m order to pi« 
prevent the protein from adhering to the walls of the tube To tins are added e\actl) 1 m e 
chloroform from a burette For the recovery study, 4 ml of the recover) solution are a^^ ^ 
instead of the 4 ml of chloroform The tube is then stoppered tiglitl) and sha 
shaking maohmo for twent} to thirty minutes It is then centrifuged The 
acid and the protein at the interface are then aspirated off with the aid df 

A 2 ml aliquot is now taken fioni the remaining chloroform, to winch is ad e 
acetic anhydride This is done by touching the tip of the pipette lightl) to si ° 
inserting the pipette into the chloioform, blowing off the silicono grease, 
the chloroform with a water aspirator The solution is mi\ed and 2 drops js 

concentrated sulfuric acid are added and the mixture is shaken v igorous ) 
allowed to develop for seven minutes in a water bath at 25 to 26 C , in the i ^ 
read on a Klett Summerson photoelectric colorimeter with a 
spectrophotometer using 625 ni^ as the absorption beam 


No 60 filter, or on tlie Coleman 


STAND/VRD AND BLANK , 

L wn It consists oi 

The standard is developed and read at the same time as the un no juil OW 

1 ml of the 0 2 mg per millimeter cholesterol standard, plus 2 ml of c i as tie 

ml of concentrated sulfuric acid It is developed and read in the sa 
unknown 0 04 

The blank consists of 1 ml of acetic anhydride, 2 ml of chlorofo , 
concentrated sulfuric acid 

CALCULATIONS 

The concentration of the cholesterol in the unknown may 
curve Since this curve is a straight line the formula below wi y^ 
values in milligrams per cent when 0 1 ml of serum is used 

Density of unknown lflO__ c/ of cholesterol 

density of standard ' ^ x q 05 " 
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RESULTS 

Tho results obtauied aie listed in Tabic I It is apparent that the results 
compare fa\orablj with those obtained by extraction with Bloor s reagent Table 
II indicates the amounts of cholosteiol recovered when known amounts are 
added, as indicated undei “Procedure ** 


Table I. Comp uusov Bettveev the Kait: Method a\d the Authors Method 
(Tho values are expressed as milligrams per 100 c c of serum Each value is the 
average of duplicates ) 


SIMPLE 

] NEW j 

1 METHOD 1 

KA\E 

ilETHOD 

1 SVilPLE 1 

\EW 1 

METHOD 1 

KATE 

METHOD 

1 

228 

219 

6 

184 

182 

o 

300 

289 

7 

268 

269 

3 

189 

189 

H 

139 

139 

4 

300 

307 

fl 

2,1 

2,6 

5 

202 

19o 

10 

-Go 

262 


Tvble II 


NUMBER OF 

1 1 

mean 

1 AVERAGE DBVUTION 

DBTEB1HNATI0N'% 

1 CIIOLCaTEROL VDDED 1 

\MOLNT 

1 FROM MEAV 

18 

0 1 mg 

0 09S 

±0 002 


See Procedure for details. 


SUMM \R1 

A convenient method is described for determining total cholesterol in seia 
enipIoMDg a ehlorofom acid extxaction 

The lesults arc available within foitj five minutes after the beginning of 
the determination 

The results aic compaiable to those obtained with BIooi s method of e\ 
traction 

This procedure is recommended wheie laige numbers of deteimmations are 
in a shoit time 
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METHODS FOE THE CHEMICAL DETEEmNATION OF 
COETICOSTEEOIDS IN HEINE AND PLASMA 

A C Corcoran, M D , and Irvine H Page, M D 
Cleveland, Ohio 

T he methods lieie desciibed denve fiom one suggested m abstiacP but found 
inadequate The undeiljang piinciples aie extiaetiou and paitial sepaiation 
of neutial steioids fiom uiine oi plasma and oxidation of the a ketol oi a ghcol 
side chains of the C21 steioids of adienal eoitical oiigin with peiiodic acid 
followed by coloiimetiic measuiement of the foimaldehyde foimed m tlie o\ida 
tion ^ Oxidation and eoloiimetiy pioceed in the mannei desciibed foi deter 
mination of mannitoP with the exception that foimaldehyde is distilled rom 
the leagent nuxtuie befoie tieatment with the ehiomogenic leagent This mo 
fieation has been desciibed independently® foi detei mination of uuuaij coi m 
in a pioeeduie which coiiesponds geneially with the one here desciibed 

The gieatei specificity of a pioeeduie ivliich depends on peno ic 0x1 a 10^ 
as compaied with sugarlike 1 eduction of coppei leagents is now 
many woikeis in the field It is therefoie desiiable to piesent togetiei ^ 0^^^ 
methods foi estimation of eoiticosteioid in both uiine and plasma w ic 
this piinciple 

alPP VRATUS 

All glass, stauctard taper flasks, distillation apparatus and seminucro Benedid 

Tall (200 X 20 mm ) glass test tubes calibrated at 10 01 12 5 c 0 , 
blood sugai tubes are suitable 

Spectrophotonietei* or otliei suitable photocolorimetnc apparatus ,.„„CTent 
Automatic pipette (0 c c ) for rapid, free delivery of cliromotropic aci o 

REVGENTS 

1 i II 1 ro'i Glacial acetic acia, d 

Solvents (1) Clilorofoim, cliemicallj pure, redistilled 1 ohol to 1 rdu®® 

special (empj reuma f ree) (3) Alcohol ether 3 aolumes 95 ehenucally 

ethyl ether (4) Petroleum ether, boiling point, 30 to 60 C (5) e® ’ 

Sodium sulfate, anhydrous 
Sodium hj droxide, 0 IN 

Saturated aqueous solution of magnesinm chloride ^ c acid 

Periodic acid reagent Potassium periodate, 0 03M m 0 25M su ^ stannoas J 
Stannous chloride reagent Prepared daily bj dissolving a ou periodic aci 

in 50 c c of 2 5N HCl The solution is titrated to a starch eii P 10 c c of staoooi'- 

reagent and adjusted so that 10 2 c c of periodic acid reagent oxi ^ 

cliloride reagent i n,8 ddiJ'dio’T'^f 

Chromotropic acid reagent Dissolve 0 2 Gm of chromo ropi ^ jo vo 

thalene sulfomc acid) mice of uater in a 100 ml volumetric as 
with 15M sulfuric acid The solution is prepared dailj 
Approximately 9M sulfuric acid 

From the Research Dhision of the Cleveland Clinic Foun 

Received for publication June 28 1948 

•Coleman Junior Clinical Spectrophotometer (Model ) 
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PROCFDURn 


Unnary Coiticostcroid— ,, . , 

aqufious Ucrtliiolato (XiiUy) , . - i 4 . -.tr 1 n mfli concentrated 

V four or 0 .. hour ul.quot of tho oumplo .0 « f "fLeruted unt.I 
HCl, 100 cc of chloroform are added Tho mislurc i*' ei 

uru .0 „ ctrac.e. four ..nreu «,.h 100 cc 

fifteen minutes ^Mth each portion Tho unuc la\er la * * ^ ^ jajer is di'Jcarded 

the combined extracts and emulsions are ctninfugL nf sodium sulfate Tho clear 

Iho extracts and emulsions are combujcd and dried 1 > ad i i 

supernatant extract 13 filtered through gla 3 wool aiMN'iOIf and once 

This extmet is chilled nashed tiuee lu.h 0 1 r-olu.m of rohl « ^ 

».lh >vatcr Each «a hmg i3 backcMmcliO , rater aro O-scarOed 

extracts arc added to the i\ ashed chloxoform extract n < all glass 

Tho uaohed chloroform extract evaporated ... pomUhrovtra^ct ts 

diahUatiOE apparatus to a volunio of about 10 rmamg \uth small 

divided in two equal portions and each is quantil canacitx ErapomUon 

volumes of chloroform into round bottomed d.^tillatioo fin.1 s of ‘>'5 - eapacitj p 

13 continued to drjmcss , , „ xt,. +,. « flnsks 

Clormetno J.m (D Ov.d.zea .ample ^^^-d .e uluc^from one 
IS dissolved mtU 0 S o c of fflaoial acct.c ned When <>'« ^ ^ The 

85 cc of water arc added and to the niixtorv Oo cc o p „j,„u,es when oxidation is 
nuturo 18 allowed to stand at room tempemtu o Unoxidizcd sample Tho 

arrested bj oddition of 05 cc of staimous p culno centimeters 

residua 13 brought into ^iolution as desenbed and ui 1 , , 1 . v, o5 cc of periodic 

Then 0 5 e e o/stannoos chloride reasept is mlded hs a" o pro 

acid reagent (3) Blank on reagents Oxidised and wnosidinea rodg 

pared from xolumes of all reagents equal to thofo use in ^ . gj^^gated outlet tube 

The dist.lht.ou flask is attached to a - 7“-“ 10 e f vUmotrio flask 
of the condenser is placed under the .nen.<.cU 3 of 1 » ^ m.erobwmer Tho distillate 

About S C.C of distillate arc collected bj careful hen g 

u then made up to volume with water julxj and 5 e c of 

Three cubic centimeters of distillate are p ace. .n^^ ^ 

cJiromntropic acid reagent aro rapidly nnxcu in m. .1 tn 2 j C made up to -volume 

for thirty nimutca At tho end of tins time it >a rapi >^ro uatcr bath Color dcnsitj 

(10 or 1*’ 3 c c ) with 9M sulfuric acid and stabilized to -o 

(D) .s measured at 570 m.crous formaldel.jdo from the unox.d.zed 

CalculaUon Tho color density due to ''7,™*' sample From this is subtracted 

ssmi.lo IS subtracted from tlio color density of rto o een oxidized and unovidizcd 

the corresponding color density obtnuiod from the ' nberated from cortlcosteroit like 

blanks Thu resultant color density rcprc cuts by reference to a call 

substances in tho extract of urine Tho ninouiit prcci ;.„rtico 3 torone in -'0 per 

brutioa cuno prepared from oxidation nnd colorira ry twenix four hour, 

sent alcoIioL The result Is expre. ed ns ra.ll.grams eort.co.tero.d per twew 

riasma CorUcosteraiJ— , rn e c of fro h heparinized blood 

Collect, 0 ,, Kitrnctwn Tlie pin iiia from a “ ^ j t1,c protein prcr.pitale 

« aJled drop bj drop with stirring to 5 lolunic. of ,, ,,I,inu with uO c c portions of 

« eolloctod on a sintered glass Alter and tliriiv warded 

alcohol ether The filtrates are comliiiiLil and the pro xiii r sii , j yre at less than 
The combmid alcohol other extrnet is cinpora e u i abstantiullx miucous residue Oo 
uO c to a volume of about 30 eub.e centinictcvs To the substantia 
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per cent alcohol 13 added to mahe a solution containing about 70 per cent alcohol This 
solution IS extracted three tunes u itli equal \ olumes of petroleum ether The petroleum ether 
uashings are then discarded 

The clear, aqueous alcohol extract is evaporated in vacuo to a volume of about 5 cubic 
centimeters Fifty cubic centimeters of acetone are added to the residue and 5 drops of 
saturated magnesium chloride reagent are stirred in The mixture is allowed to stand la the 
cold for at least one hour The clear, supernatant acetone extract is decanted through a 
sintered glass funnel The gelatinous precipitate of phosphatide remaimng is dusohed in 
portions of water and 95 per cent alcohol of 3 and 15 cc lolunie respectuel} The solution 
of phosphatide is then evaporated in vacuo to a volume of about Ice, when the precipitation 
with acetone and magnesium chloride is repeated as described The acetone extracts are 
combined and brought to dryness in vacuo Should the residue from this evaporation hue 
any considerable bulk it should be dissolved in alcohol and water and the precipitation re 
peated again 

The all but imperceptible residue from the acetone extract is taken up m 50 cc d 
chloroform and chilled The cold extract is then washed with cold 0 IN NaOII in the manner 
described for urine extract It is then dried bj addition, of sodium sulfate, filtered through 
sintered glass, and divided into two samples of equal volume These samples, to be oxidized 
and not oxidized respectively, are brought to drj ness in 25 c c distillation flasks as de cnbol 

Colorimetry and calculation are done in the manner described for urine The result is 
expressed as milligi ams per 100 c c of plasma 


RESULTS 

V) inai y Coi ticostei oid — The foinialclehyde-foiming content of adienal cor 
tical extract added to samples of iiime and cairied thiougli the piocedure iws 
lecovered in a piopoition which aveiaged 80 to 90 pei cent Values 
from analyses of twelve-houi night tuine m ten noinial male and fema e su 


Tabie I Amoixt of Corticosteroid like Substakce Present in Urine op 

AND Peviaie Subjects 


yoRMit 11 


VIALE subject 


MO /2I HR 


PEMAIE subject 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


0 77 
141 

1 66 
1 33 
1 29 
1 00 
0 94 

0 72 

1 57 
0 81 


Mean 


115 
±0 32 



Mean for whole group 0 995 mg /24 hr 

These values were obtained from analysis of twelve-hour night urine a 
as milligrame of desorycorticosterone per 24 hours 

are shoivn in Table I Eedeterminations on twenty-four houi urm 
from eight of these subjects show no diffeience from the 
night nrme noi any consistent variations between day and ^ aie listed 

output Values found in vaiious abnoimal situations and con veil 

in Table II Deviations fiom the noimal in the lattei gblained !>' 

with chnical piediction The values found are comparable o ^^ 1 ^ m 

Daughaday, Jaffe, and 'Williams,® and the methods, as no e , 


certain partieulais 
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Table n Obsee\atio>3 on^ Urikvr\ Couticosteroid like Sotst^nces Various 

CUNICAL CONDITmS 


PATIENT 1 

SEi. 1 

DIAGNOSIS 

1 TREmiENT 

1 RESULT 

1 (MO /24 HB ) 

1 

M 

Mahijnaut loiicrteHsion 

Pyrogen 3 days 
Pyrogen G dayo 

P\rogen 9 da\s 

0 91 

2 34 

44 

3 5 

- 

F 

Malignant hypertension 

Pyrogen 1 day 

154 

227 

3 

F 

Malignant lijperteii'^ion 

Pyrogen 1 day 

1 74 

5 1 

4 

F 

Addison's di'^ease 

DCA cortical extract 

0 4 

o 

F 

Addison s disca o 

DCA cortical extract 

04 

0 

F 

VddisoD s di ease 

DCV cortical extract 

04 

7 

M 

\.ddison 3 disease 

DCA cortical extract 

0 1 

8 

F 

Cushing’s syndrome 


2 7 

9 

F 

Cushing’s syndrome 

Exploration adrenal 

33 

30 8 

10 

F 

Pseudo hermaphrodite 


1 1 

11 

F 

Arrhenoblastoma (?) 


14 


F 

Acromegaly 


0 91 


Plasma Corticosteioids — Recovery of the formaldehjde forming substances 
m adrenal coitioal extracts added to plasma langcd fiom 85 to 100 per cent in 
SIX detcmimations Values found m the xenous blood of normal human beings 
and in normal dogs are Listed in Table III The means in t)ie tuo gioups xvere 
025 mg per 100 0 0 of plasma 

T\ble III Corticosteroid Content of Blood Plasma 

HALE SUBJECT | MG PER IQO C C | FEMALE SUBJECT | AIQ PER lOQ C Q 


J/ormai Hv/nan JJetn/;s 


I a 

0 42 

1 

0 34 

b 

038 



2 a 

0 20 

2 

0 2o 

b 

oil 



3 

0S3 

3 

013 

4 

016 

4 

0 42 

5 

0 14 




Normal Dogs 



0 74 

0 38 

4 47 

0 25 

4-45 

0 13 

5 12 

012 

4 73 

0 27 

0 12 

0 >0 

4 84 

0 21 



5 03 

0 38 




Variations of the lex el xveie found in normal male human Subject 1 in a 
'able of 0 98 mg per 100 c c thirty six hours aftei a second and thud degieo 
burn this xalue felt to 0 38 mg per 100 c e on the tenth day Dog 0 12 jielded 
'axels of 0 30 befoie and 0 6 mg at txxcntj four hours after admmistiation of a 
bacterial pjrogen Concuncnt urinarj corticosteroid xalues in this animal xvcie 
"15 mg pel txventj four houis duiing the thieeday period before pyrogen 
injection and 0 38 mg per twentj foui hours in the thiee days after treatment 
Sanations m plasma lex el thus correspond xxith clinical prediction 

The xalidity of the method is furthei contirmed in experiments conducted 
'"'h the assistance of Dr John Rcmhard In these the left adrenal efferent 
x'essels of dogs xvere ligated and a segment of the luniboadrenal x em xvas isolated 
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by ligatines -wheie it passes iindei the gland A plastic eathetei was inserted 
into the vein and biought out tliiough the abdominal incision wliicli was closed 
The opeiations iveie done undei pentobaibital anesthesia and aftei adniuiistra 
tion of hepaiin Adienal venous blood was then collected ovei vaivuig intei 
vals Blood loss was partially compensated foi by tiansfiision of whole dog 
blood, of gelatin, and of washed led blood cells after separation of plasma 
The courses of tliiee such expeiiments aie shoivn m Pig 1, which demon 
stiates the lei els of coitieosteioid output in the venous plasma of the left adrenal 



pig- 1 — Output of coi tlcosteroid (corticoid) ^"to '®ft adrenal 'enou^ ^ 
dogs at varjing inter\als after cannuKtmg the isolated lumbo aarenai ^ 
tion of epinephrine (E) time of injection is indicated b\ arrows 
starting collection 

Table Corticosteroid Output Prow Adrenal Vein in Dogs, Effect of 

Peripheral Plasma Lea'els 


a^nia in 
:frect ot 
minutes 


BpiNETSirpri 


EX 

PERI 

MENT 


TIME OF 
COLLECTION 
(MIN ) 


(A) 


(B) 


ADRENAL VENOUS PLASMA 


CONCENTRATION 

(MG PER 100 C C ) 


(A) 


(bI I (A) 


OUTPUT 
(M G PER HR ) 

(b) 


PEKiPinaiAb 
PLASAtA 

CMG PEBIOOC^i 


3 

0 75 

76 150 

48 

35 

3b 

0 3S 

53 70 

29 

36 

7 

0 55 

60 80 

3 3 

56 

s 

51 61 

61 76 

20 

4 45 


393 413 

414 433 

0 24 

0 75 

9 

0 60 

61 80 

1 0 

15 


160 185 

186 216 

0 88 

11 



out 

C1CU&I.C1 UlAl ViUlllCilL Ui. cLUl CUctl VCilUUS *^*a*-^*^*«^ “A I ^ /%»-.Vi rt n P into tns Icl J ^ 

tion in minutes before (A.) and aftei (B) injection of epinepn venous plasma 
put IS calculated bj multiplying- plasma concentration bv aar 
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gland m milligianis pel lioui and the effects theieon of adnumstration of epi 
nephimc in doses of 0 2 to 0 5 mg into the femoral \cm Coucentiations of 
corticosteroids in adrenal and peiipheial venous plasma and the steioid outputs 
as well as siniultaiieous measuiements in peripheral blood aie listed m Table IV 
The concentrations found iii tho adienal \cnous plasma Meie liighei than those 
obtaining in peiiplieral blood The steioid output in these e'^penments averaged 
0 85 ing pel boui at tlie outset In fom of si\ e\peiimciits m uliicli measure 
ments iiere made the iiicicaj»ed eorticostcioid output caused hy epinephrine was 
reflected m an iiicieasc in the concentration picseiit in penpheial blood How 
eier, direct attention to thhse e\peiimeiits (which Mill be reported in moic 
detail) to confirm the method pioposed rathei than to deal with physiologic 
variations in the adienal steroids 


DISCUSSION 

Unnanj Coi ticosteioid — ■ Vcidifieatiou of uimc btfoie c\tiaction follows the 
recommendation of Heaid Sobol, and Vemung ' 1 \tiaction is earned on foui 
times to vield satisfactoiy recoveues of added adienal cortical e\tract Thus 
recoveries with two, thieo, and foui extractions aie 31 65 and 94 per cent 
respectively 

Tho elude chlorofoini extiact is washed with sodium hydroxide in the man 
ner of Talbot, Salziiian, Wixom and Wolfe® The wa^iiiing reduces the bulk of 
the residue and tlius I'cduces the probability of nonspecific contamination of 
tho material which is to be oxidized Othoi data® suggest that this step is not 
essential Howevei on several occasions the residue fiom washing with water 
sad alkali has been shown to eoutain small but significant amounts of chiomo 
&enie material 

The lesidue from the washed chloiofoini exti ict I's divsohed in glacnl acetic 
acid because of the good wetting quality of this leagent The residue is not 
partitioned with benzene and watci as was proposed^ or as icceutly described 
because of the incompleteness of watei extinction of ceitain steroids from 
benzene (Heard and Sobel®} and because the benzene watei paitition of adrenal 
cortical extract yields a ratio of color density in benzene as conipaied with 
'vater of about 0 65 

Distillation of foimaldchyde is done because of interfering colors which 
form during the heating of uiinai’y oi adienal coitical extnets in the strong 
3Cid of the chromotropic acid leagcnt The distillate is not received in sulfite 
as in the method of Daughaday Jaffc and Williams® because foimaldeiiyde can 
be quantitatively recoveied in watei It is important to distill a sufficient 
Volume With distillate volumes of 45 50 55 80 and 8 5 e c , the respective 
recoveries of formaldehy de aze 63, 75 78 98 and 101 pei cent 

^fasoii* developed an almost identical piocediuo In his method as m Gin's 
fractionation of the steroid extract with Giraid T leageiit® is omitted because 
results on unfiactionated extracts parallel those obtained with the iiioie tedious 
^action ation It may be of inteicst to note that, in our hands, the ketomc 

We acknowledge Uio cooperaUon and advice oC Dr H U Mason Ma>o Clinic Rochester 
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fi action in uiinaiy extiacts accounted foi about one-thud of the total oudizalile 
steioid 

Plasma Coiticosteioid — The desiiability of deteiminations of plasma cor 
ticosteioid IS suggested by the fact that the amount nieasiiied in human uime 
aveiages about 0 05 pei cent of the amount eiicidating thiough the ladneio 
Eephiased, the uiinaiy plasma cleaiance of coiticosteioid is only Oil ec pei 
minute The appaient thieshold of excietion is theiefoie veiy high, as indeed 
it should be foi a mateiial so impoitant in bodily function Howevei, the infer 
ence is that undei certain conditions measuiements of plasma coiticosteroidmai 
have gieatei diagnostic and physiologic value than measuiements m mine This 
IS especially tiue in expeiiments of biief duration, such as aftei injection ot 
epinephrine 

The feasibility of such a deteimination was demonstiated by Hemphill and 
Eeiss Then pioeeduie measuied coiticosteioid by applying to plasma extracts 
the method of Talbot, Salzman, Wixom and Wolfe,® while the method heie pie 
sented has the adxmntages of the pioeeduie desciibed for luine extiacts i\s 
compaied xvith the method of Hemphill and Eeiss^“ the extiaetion piocess has 
been elaboiated Thus, xve have found it essential to piecipitate out phospliaticc 
and, appaiently because of entiamment of coiticosteioid onto the phosphati e 
piecipitate, the pieeipitation has to be repeated more than cnee Fuithei, an 
inteifeimg chiomogen is separated by washing plasma extract m 70 pei cen 
alcohol xvith petroleum ether Pielimmaiy experiments indicate that it mav e 
more convenient to make the first extinction by adding plasma to acetone eon 
taming 2 per cent ehloiofoini In a personal communication, Di OM 
suggests that direct extraction of xvhole blood oi plasma with chloiofoira is a 
satisfactory Thus, xvlule it is appaient that modifications can ® 
procedure, it is presented here in the form in xvhich it has been most ex ens 
tested , jjl 

As noted previously, observations on the corticosteroid output of t 
m dogs and the effects thereon of adienalm are not the focus of tins 
tion StiU it is of interest to note that the experiments listed heie 
observations Vogt has made by bio-assay Thus, she estimated ^^emhni? 
steroid at about 230 c c Eucoitone per txventy-foui horns m a 
10 kilograms Oui estimate in terms of Upjohn adrenal cortical ex 
by oxidation and colorimetry would be about SS cubic centimetei’S 
showed an increase of hormone output after injection of gj output 

estimate is confirmed in Pig 1 In Table IV xve also show that contoh 

due to epinephrine is often reflected in an increase in the coiticos 
of peripheral as xvell as adrenal plasma , of the 

As might be surmised, simple modifications enable the app i 
plasma procedure to samples of tissue 


SUMMARY 


5 111 uiine - 

tial separah® 


aiiJ 


Methods are presented foi the estimation of coiticosteioic 
plasma The iindeilymg principles aie (1) extraction an p 

•XVe -would also note the helpful interest of Dr Eleanor Venning 
Hospital Montreal Canada 

tXVorcester Foundation for E\perimental Biology, Shrews , 
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of neutral steroids from urine or plasma, (2) oxidation of the side chains of 
the C I steroids of adicnal cortical origin by means of pciiodio acid and (3) 
colorimetric measuiement of foimaldehjde formed m the oxidation Values 
found m noimal subjects aie listed, togethei nith illustratne clinical and expen 
mental obsei?* ations ^\hleh indicate the appUc'ition of these procedures 

The authors take pleasure m noting the skillful assistance of Mr Frank Ungar BA 
3f S , in tlie development of the plasma procedure and of Lorraine Fnedman, BA in 
the urine method 
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QUICK MICKOTECHNIQUBS FOR THE IDENTIFICATION OF 

CULTURES 

I Ijjdole Production 


W M Arnold, Jr , B S , and R H Weaver, Ph D 
Lenington, Ky 

T he baeteiiologist has always been handicapped in identification of oigaii 
isms, as coinpaied with othei biologists, by the fact that the oiganisnis luth 
which he deals cannot be identified by then morphologic chaiacteristics alone 
The necessity of ineludmg eiiltmal and biochemical chaiacteiistics has made 
identification a time-iequiiing pioeeduie Cultuies need time to giow and to 
pioduee biochemical leactions 

In the diagnostic laboiatoiy especially, the value of bacteiiologic woik 
definitely has been limited by the tmie requiied to isolate and identify the oigan 
isms fiom the patient In addition, baeteiiologic woik often becomes e^pensiTe 
because of the tmie lequiied and the mateiials and equipment needed The 
chemist has pai tially solved the pioblem of expense by the development of semi 
micio- and miciotechniques 

This study of indole pi eduction was undei taken to see if nueiotec miqu^ 
could be applied to the study of biochemical leactions of miciooigamsiHs ai 
if, at the same time, lesults could be obtamed in a shoitei peiiod of time 
The principle on which the test is based is the use of small amounts o 
and laige moculums to allow the oigamsms to stait gi owing without j 

lag phases and to pioduce, in a shoit peiiod of time, sufficient 
biochemical products to be detectable if sensitive leagents aie use 
have been made to deteimiue the optmium conditions foi indole pio 
detection by the miciotechnique 


10 

of difficult! 1” 


DEVELOPMENT OP THE MICROTECHNIQUE 

Tests proved to be most satisfactory with 1 ml quantities of 
by 75 mm tubes Smaller tubes were not practicable because 
mixing the test solution rvith the medium ^ j f e methwl" 

For the detection of the indole, the Ehrlich, Kovacs,^ an 
were tried For the pielmunaiy testmg of these methods a me Ijiis 

1 0 per cent tryptone and 0 3 per cent beef extract was use 
medium were heavily moculated with a stock stiam of at 3'“ ^ 

for indole were performed on these tubes after periods of a doubtw' 


for from two and one-half to six hours With the Kovacs 


lid 




reaction was obtained in one of two tubes after three houis — 
a strongly positive reaction was obtained in all the tubes that we ^ j^quiring 
for four hours or longer The other two methods were less sensi 

Prom the Department of Bacteriologry University of Kentuckj 
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at least one hour moie of incubation to obtain comparable lesnlts Because 
of these results and because its application is simplest Ku’vacs method uns 
selected for all subsequent work 

In the test, foui diops of fiesh Ko^aes leagent aie added to the 1 ml 
quantit} of medium in the tube The tube is shaken and the lesults aie lead 
after a feu miuutes In the eaih pait of the work the chloiofoxm solubility 
test of Felleis and Clough^ uas used to cheek the specificity of the positue reac 
tions Since these leactions aluass piosed to be specific this test uas discon 
tmued later The Kosacs leagent must be ftesh I pon standing at room tern 
perature its color changes fioin lellou to bioun and it becomes less sensitne 
It may be preseiured for se\eral da\s in the leiiigeiator Foi the preparation 
of the reagent, \anous brands of am\l akoho! isoint\I alcohol and Isobut^l 
alcohol uere tned Of these the isoannl alcohol pio\ed to be superior some 
of the amyl alcohols giiing false eoIoinUons and the isobutsl alcohol failing to 
separate sharply fiom the medium 

Aftei a study of a niimbei of media two were selected foi use in the micio 
technique Medium 1 consisted of 1 0 per cent fiiptoiie and 0 3 per cent beef 
extract, m distilled water IMedium 2 consisted of 0 03 per cent tryptophane 
01 per cent peptone, and 0 5 per cent K HPO^ in distiiled watci It was found 
that m iledmm 1 a salt mixtuie consisting of 0 > pci cent NaCl 0 02 pei cent 
OOl pci cent CaClj and 01 pei cent K HPO( could be substituted for 
the beef extiact without affecting the results Since the salt mixture added to 
the complexity of the medium without adding to its pioductneness it was not 
used in later tests of the technique The addition of either beef extract or the 
salt mixture to Medium 2 did not affect the lesults obtained Foi the peptone 
Medium 2 Coleman and Bell Bacto peptone Bacto pioteose peptone 3 
hacto try ptoue and Baeto tivptose were tned AU gave equalh good results 

The addition of 0 6 per cent agai to Medium 1 caused false colorations to 
ho produced with the test reagent A medium consisting of 1 0 per cent Bacto 
protone and 0 3 pei cent beef extract was found to lie unsuitable foi use in the 
Microtechnique 

Batches of Medium 1 and of Medium 2 ivith pH values lai-yiug from 7 0 
to 80 tried Equally good results were obtained with pH \aiues between 
1 1 and 7 8 At pH 7 0 and pH 7 2 indole was foimed as quickly as at the 
higher pH \alues but the amount formed was less Foi example in one espcii 
Meat mdole was formed at all pH values between 7 0 and 7 8 in six minutes 
cither doubtful or weak leactions being obtained After fifteen minutes of 
mcubation all tubes with pH lalues between 7 4 and 7 8 yielded stron^3h positne 
Actions whereas those xvith pH values of 7 0 and 7 2 yielded doubtful or weak 
^actions In the later use of the microteelmique all media wcie adjusted to 
pH 74 

*I'he testing of a iaige number of cultures witli Medium 1 and Slediuni 2 
jodicated little difference in ■\ alue for the two media No discrepancies m results 
have been noted AYith many cultures the time required foi indole production 
^ Medium 2 from tryptophane is about one third less than the time required 
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for production m Medium 1, from tiyptone Tlus saving m time mai not be 
considered sufficient to warrant the use of the more expensive iMedium 2 

Quick production of indole depends upon rapidly obtaining the incubation 
temperature of 37° C Preheating of the tubes of niedmnr before inoculation 
shortens materially the time required for indole production Water batb 
incubation instead of hot air incubation also helps Usually if a culture mil 
produce indole in two hours without preheating of the medium it vill do so 
111 f 1 om thii ty minutes to one hour with pi cheating and m fi om eighteen to 
thirty minutes with water bath incubation We have obtained indole pro 
duction in six minutes with water bath incubation 

Absolute sterility has been found to be unessential with the nnciotceli 
nique In this study the tubes and the medium iveie always sterile but a 
relative absence of contaminants is probably all that is neeessai) Cotton 
plugs do not need to be used A small number of contaminants cannot mill 
tiply rapidly enough to affect the results of the test 

The size of inoculum is important Inoculation of a tube uith all tbe 
growth obtainable from a colony with a diameter of 2 mm will give good 
results Inoculation with the larger amount of giowtli obtainable fiom an 
agar slant cultuie will yield somewhat quicker indole production Inoeulation 
with growth from a culture which is in the logarithmic period of deielopmcn 
w*ill give quicker results than inoculation from an older cultuie 


COMPARISON OF MICROTECHNIQUF WITH GNEZDA TECHNIQUE 

For testing the accuracy of results obtainable with the micioteeliniquei 
comparative tests iveie made with the Gnezda* technique Poi the Suez a 
nique tiyptone broth was used and incubation was at 37° C foi foui (a}S 
Eesults with the two techniques were identical Cultures which 
tive results were fifty-seven strains of colifoims, three stiams of 
caviae, two strains of Pioteus imiabtUs, and one strain each of P>o 
and Shigella pai ady^entenae Of these, two of the strains of co i |||j 

weakly positive results with the Gnezda technique after four 
other strains gave strongly positive results with both methods ^ 
gave negative results were three strains of colifoims, nine strains o 
soil organisms, and one stiam each of Salmonella schottmullen, oc 
typhi, Salmonella ententidis, Vibiio comma, Pseudomonas jsolato 

domonas fluoi escens The majority of the strains of colifornis veie 
and the tests were made with inoculums from the primary 
tive media used for isolation All other cultures used were stock s 

The rapidity with which indole was formed in the oi 

the question as to whether the indole was bemg formed because o o 


were 

ffjs 


organisms and enzyme production during incubation or 
enzymes that were present in the laige inoculum In this con 
mterested in deter iiiming the effect of the medium fiom w ic 
taken on the rate of indole formation on nutu'^'’^ 

From thirteen strains of colifoim organisms, stieaks period d 

agar plates and on tiyptone agai plates After a twenty o 
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incubation, tests for indole forming ability were made by the microtechnique 
inth inoculums from both tjpes of plates Of the thirteen strains, ten gave 
positive indole tests after one and one half hours when the inoculums were taken 
from the nutrient agar plates Of these, one ga\e a positive test after eighteen 
mmutes, five after thirty si\ minutes, two after one hour and ti\o after one 
and one half hours when the inoculums were taken from the tryptone agar plates 
Thus growth of the inoculum culture on tryptone agar appeared, m the majoiitj 
of eases, to increase the speed with which indole was produced 

Using the two strains of coliforms that had pioduced only traces of indole 
after two hours, an attempt was made to increase the rate or amount of indole 
formation by transferring for two generations on tryptone agar plates No 
increase in rate or amount of indole foimatiou occuired 

The laboratory strain of Vschenchia colt was grown for four generations 
on a synthetic tryptophane free medium At the end of this time indole deter 
nunations were made usmg colonies from the s>nthetic medium, from nutrient 
agar plates, and from tryptone agar plates as sources of inoculum Again indole 
tvas formed more rapidly in the tubes that liad been inoculated fiom colonies on 
the tryptone agar plates Surprisingly however indole was foimed slightl> 
more rapidly in the tubes that had been inoculated fiom the synthetic medium 
than in those that had been inoculated from the nutrient agai plates 

From this senes of experiments it ma\ be concluded that the medium from 
which the inoculum is taken has only a minor effect on the results of the micro 
technique for the determination of indole producing abilities of bacterial cultuies 


SUMMARY 

A quick microtechnique for the determination of the abilities of micio 
organisms to produce indole has been described Heaw inoculations are made 
mto 1 ml quantities of medium in 10 by 75 mm tubes that ha^ e been prelieated 
to 37° C Either tryptone bioth or a synthetic medium containing tryjitopbauo 
has been found to be satisfactory The tubes are then incubated at 37° C 
preferably in a water bath Indole maj be detected in the tubes upon the 
addition of 4 drop quantities of a fiesh Ko'acs solution which has been made, 
with isoamyl alcohol as the solvent The peiiod of incubation that is necessary 
has been found to -vary from six minutes to two hours depending upon the 
strain of organism, the age and size of inoculum and the method of incubation 
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QUICK MICROTECHNIQUES FOR THE IDENTIFICATION OF 

CULTURES 

II Perjientations 

John Hannan, B S , and R H Weaver, Ph D 
Lexington, Ky 

S uccess m developing a quick miciotechnique foi the detection of indole 
pioducmg abilities of mieiooigamsms (Arnold and Weavei^) led to an , 
attempt to develop a similar technique foi the demonstiation of fennentmg 
abilities of mieiooigamsms The piinciple on which the test to be reported is 
based is the same as that used m the test foi indole production, nainel}' tlie use 
of small amounts of media and laige inoculums to allow the oigamsms to star 
glowing without appieciable lag phases and to pioduce, m a shoit perio o 
time, sufficient concentiations of biochemical pioducts to be detectable if seiisi ne 
leagents are used 

development of the microtechnique 

The miciotechnique was developed using cultures of the 
as test organisms Thus fai its use has been limited to this group o 
Tests proved to be most satisfactory with 0 15 ml quantities o wc 
5 by 50 mm tubes Laigei tubes, 10 by 75 mm , contammg 0 5 to ^ 
titles of medium could be moie easily handled, but then ^ 

smaller tubes approximately doubled the time lequiied for t e cem 
of fei-mentation ^^35 Jij- 

Of a number of basal media that were investigated, all u -333 

carded as unsatisfactory Thioglycollate broth, niitrose ^ die late 

solution, and neopeptone and tiyptone solution were discaide eca^^ jiscail^ 
of fermentation m them was too slow A yeast extract me mm 
because the yeast extract contained some substance or substance 
allow the production of both acid and visible gas by EschericnO' 
under the conditions of the miciotechnique , j, j,ifu»ion 

The following basal medium was selected for use Difco ee 
7 5 per cent, proteose peptone 3, 1 0 pei cent, KHoPOj, g^ gent akobobc 
0 5 pel cent , distilled water , pH 7 0 Indicator 5 ml of a P ggiution 
solution of biomciesol puiple and 5 ml of a 1 6 per cent a co 
cresol led pei liter of medium 1 gj^ uas tested 

This mediiun proved to be free of fermentable .jjjs basal niedi^*"' 

with strains of E coh Later it was found that contio 0 Yisibk 

that had been inoculated ivith Aeidbacte) aerogenes s eould a®* 

formation, although by the usual macrotechniques A g^gj-e 

shown to pioduce any fermentation m the medium 1 

From the Department of Bacteriology University of Kentucky 
Recened for publication June 30 1948 
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to remote the fenneiitable substances fiom the beef heart infusion by feiineu 
tation witli aerogcnts Tile beef bent uifusion was dissohed in the distilled 
water This solution was iiioeiilated nith 5 ml of a twenty four houi nutiient 
broth cultuio of J airogcncs It was then lucubited at 37° C until bubbles 
ceased to appeal appioximatch foiti houi-s The organisms weie lemoied bi 
passage tlirougli a filtci pad * The lemaming ingredients were then added to 
this infusion, and tlio lesiiltaiit niediiim was adjusted to pH 7 0 This basal 
medium w as then sterilized hi autoclanng 

■ffheii the tests were to be lUn a sufficient quantity of a 20 per cent solution 
of tile carbohjdnte to be tested to pioduce a final concentiation of 5 pei cent 
was added to the basal medium It was found tint the earbohjdiate solution 
a to be steiibzed filtration The use ot autocla\ed solutions lesulted in 
false motions bi the microteehiiiquc c\cn when the use of the same solutions 
m medium for tests bi the maeioteehnique did not The final medium was then 
dispensed in the small tubes with oapillaiw pipettes In all the woik lepoited 
upon m tlus studj steiile pipettes and sterile tubes weie used but it has been 
ound that oiih lelatne steiiliti is neecssau Cotton plugs maj be omitted 
was found that the time required foi the test could be reduced b\ preheating 
0 tubas of medium iii the water bath piciious to inoculation 
If inoouhtioii IS to be witli liquid medium cultuies or with suspeiLsions of 
e organisms in saline the iiiodium should be prepaiod in double stiength to 
a ow for dilution of the medium with the liquid of the inoculum 

The inoeulum should bo laige The time lequired foi the test will be shoit 
eaeo if the culture from which the inoculum is taken is in the logarithmic giowth 
period Inoculation fioiii growth on a solid medium witli a platinum needle is 
T ^ If'ost of the inoculations were made with suspensions 

^ a ad been prepared by emuisifsing giocvth fiom an agar slant culture oi 
mm 1 colons in a small amount of sterile saluie Inoculations weie made in 
adding 0 15 ml quantities of the suspensions to the medimn in the 
aa bj means of cnpillai’j pipettes 

The inoculated medium was then capped with a 3 mm lajer of 1 per cent 
agar in distilled watei to which indicator had been added in the proportion of 
ai each of a 1 6 pei cent alcoholic solution of biomcresol puiple and a 1 6 
the alcoholic solution of eiesol red pel liter The indicator was added to 
agar solution to detect am change in pH due to absorption of acid sub 
j anees from the air dunng storage When tins precaution was not tal eu, the 
at\h™° lesults was occasionally confused bj a small area of acid leaction 

th ^ ion of the agai solution and the cultui o caused by an agar solution 
^ a ad become acid Less indicator was added to the agar than to the medium 
° ™a e the junction of these solutions moie discernible 


to fl ° IS done w ith a capiliaiy pipette The melted agar is peniiitted 

If ‘oside wad of the tube Care must be taken to aioid hubhlcb 

1 ** foim the\ can usuallj be clmimated from the agar medium interface 

_i_^^ntle tapping of the tube 


Seitz Serum yo 1 
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The quickest lesults aie obtained by incubation in a 37° C vatei bath 
This IS due to the fact that the medium i caches the incubation tempeiature 
much moie quickly in the water bath than it does in a hot air incubatoi 
Acid production may fiist be noted by the pioduetioii of a yelloi\ color 
just beneath the agai cap Readings must always be made by comparison 
with inoculated contiols of the basal medium that do not contain the test 
caibohydiate If this is not done, false lesiilts may be obtained because of 
tiansference of acid to the medium with the laige inoculum Gas pioduction 
IS evinced by the collection of bubbles at the agar-mediiim inteiface Acid 
pioduction usually may be detected befoie gas pioduction, but the opposite 
IS occasionally the case 


RESULTS WITH MICROTECHNIQUE 

Results with the microtechnique were compared with those vith the macro 
technique on five stiains of A aetogenes, five stiains otE coli, ten s 
paraeoh, ten stiains of Salmonella, thiee stiains of Eheithella 
stiains of ShigeUa, and seven strains of Pioteus using g uc^e, , .juj, 

lactose, and maltose The macrotechnique was run using ^ 

tubes and nutiient bioth base plus filteied sugar solutions 
lead after seienty-two hours Two deteiniinations weie ma e 
technique In the fiist, the tubes weie inoculated ivith of 

emulsifying single colonies fiom nutrient agai plates in ni 
steiile distilled watei In the second, the tubes weie inocu a e 
suspensions obtained by emulsifying giowth from twenty- our o 

biam-ieal agai slants fnllowm" state 

The essential features of the results aie summarize in 

i^i^nts [jgtji sets 

Identical lesults were obtained ivith the macrotechnique an 
of niicroteehmque deteiminations , 

The use of a heavy inoculum mateiially shoitens the time was 

lesults ivith the niiciotechnique With the light inocu urn, aci g 0 Qj^j]iutes 
obtained in from 15 to 725 minutes and gas pioduction in rom ojo 

With the heavy inoculum, acid production was obtaine m 
minutes and gas production in from 35 to 240 minutes 

The simplei feimentable substances were fermented ferincntc*! 

the disaccharides Foi example, with the six stiains o aveiag® 

all the substances that weie tested and uith the light inocu niiiuh^s ir®”’ 

minutes was lequiied foi production of acid from ^ 145 

mannitol, 130 minutes from sucrose, 140 minutes from ac 0 , 
from maltose 

COMMENT obtained 

The micioteclmique yields results that are as reliable ^ use als® 

the usual macrotechniques It not only yields quic ei r luedn'®' 

results in a considerable saving in time and materia goluti®®^ 

may be sterilized and stored in the refrigerator L ewis , 
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of the various fennentable substances may be sterilized bj flltiation and stoied 
m the refrigeratoi, nitb pioper piecautioiis being taken against evaporation 
'When It IS desiied to test eultuies, the fermentable substances and basal medium 
maj be mixed lu the proper piopoitions and the tests may be perfoimed im 
mediatclj Onh piccaiitions to pieiciit e\cessi\e contamination in the process 
are necessary 

The miciotechniQue is usable undei a aaiieti of conditions The length of 
the mcubation peiiod depends upon these conditions The most impoitant con 
(htion is the tjpe and size of inoculum The quickest results aie obtained avith 
heaiy inoculums ivith logantlimic gionth phase eultuies that have been grown 
on a rich medium On the othci hand leliable lesiilts can be obtamed vvitli 
smglo colonics from piimarv isolation plates W hile the incubation period 
reqmred m the miciotechuiquo in the latter case is longei the results are 
obtained much nioio quicklj than if it weic necissan to grow secondarv eultuies 
befoie the mierotecluiique tests weic pei formed 

SUVIII VB\ 

A quick mioiotecliiiiquo foi the demonstration ol feimenting abilities of 
nucrooiganisms has been described It has pioved to give leliable lesults with 
Biembers of the Euterohacteriaecac No tests have been run on other cultures 

Heavj inoculations aic made into 015 ml quantities of medium in 5 bj 
50 mm tubes which have been piehcatcd to 37° C A beef heart infusion 
taedium eontaimiig indicatoi is used as the basal medium To it is added a 
sufficient quantity of steiile (filteied) 20 per cent solution of the fermentable 
substance to be tested lo pioduee a 5 pei cent solution in the final medium 
The uioeulated medium is capped with a 3 mm layei of a melted 1 per cent 
agar solution The tubes aie incubated at 37° C Gas pi eduction is evinced 
by the collection of bubbles below the agai cap Iiieuliation periods of from 
10 minutes to 12 houis, depending upon the size of inoculum and othei factors, 
have been found to be necessaiy 

BEFEBFNCE 

1 Arnold W Jf Jr and Weaver It H Quick Microtechniques for the Identilication of 
Cultures I InJole Production, J I<ab S. Clin Med 33 1334 194S 



A TEST OP THE COAGULATION TIME OP BLOOD HEPARINIZED L\ 
VITRO , STUDIES OP NORMAL SUBJECTS AND OP PATIENTS 
WITH INTRAVASCULAR THRO]\IBOSIS 

Edward E Rosens M D and Nelson W BjVrker, j\I D t 
Rochester, Minn 

T IS kno-^in that the addition of a specific amount of hepaiin to a specihc 
_ amount of human blood may produce a vaiiable mciease of the coagulation 
time among difterent individuals This principle has been applied by otheis m 
an attempt to develop a test which might he of value as an mdicatiou of lu 
Cl eased coagulability of the blood in patients who have oi may have thioiubosis 
In 1943 de Takats and GilbeiU described a hepaini toleiance test Rev 
injected 10 mg of hepaiin intiavenously and detei mined the coagulation tune 
of capillary blood drawn into capillary tubes before and at ten miuiite 
vals aftei injection until the coagulation time letuined to piemjeetion e 
With this test de Takats= noted that little oi no mciease of 
oceuiied in patients who had undeigoiie majoi surgical procedures oi . 
had coiouaiy thiombosis, venous thrombosis, aiteiial embolism, or 
angiitis obliteiaiis, while a definite increase occiiiied in noima 
though thej do not detract from the importance of the pimcipe 
there are certain theoretic objections to the technique which 
the method of testing the coagulation tune that de Takats an i methods, 
not generally considered to be as accurate and repiodiicib e as o 
the differences between the maAiiiial coagulation times m noima 
those with thrombosis were of the order of oulv a few a(- lOom 

within the range of error of the method (Meyei),^ and tests veie 

temper atuie gf blood 

Waugh and Riiddick" = in 1944 described a test of coagn a i to 

heparinized in vitro Then method consisted of adding cji ° of hepai"* 

each of a senes of test tubes in which there were ineieasmo objection^ 

from 1 unit (0 009 mg ) to 7 units (0 063 mg ) The chief pi^ lequiriuf 

to this method are that it is time consiimmg and that *0° ^gst tVaugh 

accurate mixtures of blood and hepaiin are necessarj or 
and Ruddick did then tests at loom temperature ^ 

Hagedoin® repeated de Takats’ hepaiin tolerance tes ^^jnies ou 
larger amount of hepaiin, 25 mg, and determined coagu a ^ j,mes 

blood (Lee-White method) He found that only two coa„^ 
important, namely the one before injection and the one ggg of nor®^ 

jection Significant differences were found between t le ^ P^cuiti — 
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senslth f% of of, coQffUlochronometer / access to adjustmt screw for varjlng 

tlnwSaVotltiS ”slit > push button to pennit con® 

mllUn^e beam of ^ ^ ® thermometer 7 motor shaft 8 tube trans 

charaSr ^ photoelectric cell 9 liandie of plastic door permitting access to 

tube to traiTa^^v^ and removal of test tube to test tube to hold blood being tested XI 

stoD ource of light t clamp for test tube 13 lever to reset 

n electric atop clock l switch for stop clock IC heating unit and thetmostaL 

persons aud the lespoiisos of a sciies of patients uitb mtia\abeul'ii thrombosis 
0 vaiious types The diffeieiiccs seemed much ^leatei tlnu the possible eiror 
° the method of deteimiiimj? tlic coagulation time Ilagedorii also found a 
c ose correlation between the coagulation time of \euous blood ten mmutes 

3 ter the intra\enous injection of 2o mg of hepaiin aud tlic coagulation time of 

Co of \eiious blood added to a solution of 0 005 mg of hepann in vitro in 
each of a laige series of hotli iioinial persons and patients with thrombosis 
e chief objections to the Hagedorii method were that each test was time con 
sumiug and that tests weie done at lOom tempeiature 

We wish to repoi-t the lesults of a coagulation test of \enous blood Iiepaiin 
lu vitro in which we ln^e attempted to increase tlie accuiacj of the method 
3Ud at the same time to sunplify the technique so that oulj a mimmal amount 
0 time IS expended in the performance of each test In this test we have 
i 2 ed the following equipment a Barker coagulochronometei a sjnnge 
pted for accuiatel> measuring and iniinedidteh mi\ing blood with a liepaiin 
^ me solution, a box to maintain a constant air temperature of 37° C Pjrex 
s tubes, venipuncture needles and a solution of hcpaiin 

The Barker coagulochrouometer' (Fig 1) is a machine that automaticallj 
ords the coagulation time of whole blood or heparmized whole blood The 
me consists essentially of a photoelectric cell which operates a sensitive 
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lelay, a light souice ioi the cell, an eleetiic motor -which lotates at the late oi 
1 1 evolution pei minute, a hoiizontal shaft fitted, ivith a test tube clamp, aad 
an electiic stop clock Blood is placed in a test tube which is closed with a 
lubber finger cot oi coik and the test tube is placed in the clamp wheie it is 
grasped by its midpoitiou As the test tube lotates, its top passes thiough the 
beam fiom the light source As long as the blood is fluid, it iims to the lower 
end of the tube -with each' halt-revolution When the blood coagulates it ad 
heies to the lowei end ot the tube, and when that end of the tube lotates up 
waid to the vertical position, the blood clot inteiiiipts the light beam and bieaL 
the electrical ciicuit operating the motoi and stop clock Thus the coagulation 
time IS automatically lecorded This machine is pnmaiily a laboisavmg device 
since it eliminates frequent tipping ot the tube by hand to deteimme tie eu 
point Also it tips the tube at a constant rate and to a constant degree 

To insure diiect and aceuiate mixing ot the hepaiin and blood, a s} o 
was devised by one of us ^ This syiinge, when fitted with a 21 gauge, /i la 
(3 8 cm ) veuipunctuie needle, holds exactly 1 c c ot hcpaiin m a sa me 
tion Venipuncture was then peifoimed with this syringe J the 

spring release mechanism, exactly 1 cc of blood could be wit 
hepaiin-saline solution The blood and the hepaiin solution were mn 

diately in the syiinge i nt at a cou 

Whittakei*' demoustiated that hepaiini/ed blood must be kep^^ 

staut tempeiatuie to obtain aceuiate coagulation times In our 
the coagTilocluonometei was kept in a cabinet in which the an 
mamtained at 38° C Latei the midpoition of each coagu oc ^ contam 
enclosed in tiauspareut plastic and the an suiiouudmg ^ ® tlieimostal 
ing the blood was kept at 37° C by means of a heating e emeu , 

and fan inside the closed space , . ^ he 

The solution ot hepaiin was piepaied by diluting Abbott s s gpdiura 
paim (10 mg per cubic centimeter) with 0 9 per ^vas pie 

chloiide so that 1 cc contained 0 006 mg ot hepaiin us so rubber 

pared under sterile conditions and stored in vaccine bottles sea 
diaphiagms All glasswaie was thoroughly cleaned and due ni^^^^ 

When not in use, equipment was coveied to avoid contaunua 

P^iticles ^ iinnrl a 21 gauge, iVe 

In peifoimmg a coagulation test with hepaiinizea D i 
mch (3 8 cm ), steel venipuuctuie needle was attached to A 

of heparm-saline solution vias drawn into the barrel of the J’ ^^jP,tal lea” 
quet was applied to the subject’s aim and as soon as one o ^ hiring'^ 

became distended it was puuctuied A finger release lu 1*^’’ 

was then depressed and the plunger was pulled back until it s o oi 


way exactly 1 c c of whole blood Avas added diieetly to the ^^^j^pmu^tuie 
hepaiin) of hepaiin-saline solution Care was taken that t le a touiu'*! 
neat and that no air entered the hepaiin-saliue-blood needle"^'’ 

was released and the needle A\as withdrawn tioni the ACin ^ „gntl\ 
moved from the SAringe and the contents of the syimge v ■= 
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dowu the side of a P\rei. glass tube S lum in diametei ind 100 ram long The 
test tube -nas sealed with a lubber finder cot md ^enth iinerted to mix its 
contents The test tube Mas then placed m the test tube holder ot the coagulo- 
clironometer and the time (.lock and the motor Mere started When the blood 
coagulated, it bioKe tlie Ii^ht beam thus stoppm^ the motor and the clock 
The coagulation time Mas re id irom the tlod did Hereafter in this paper the 
time is referred to as the heparin tovulation time 

Vfter the blood had been Mitbdi iwn fioin the ^ein there Mas a dela> of 
about one minute bcfoie it could be plated m the imtlime and the time clock 
started &ince this del u Mas short and a lelatneh constant factor in all of 
our tests Me do not feel tint it toiistitiitcs a siginhi int souice of eiror in inter 
pretation of results 


It Mas our experience in deteuiiihin^ cn'i^uhtinn times Mith this tech 
raque that if coagulation did not ottur Mithin t]iirt\ minutes a satisfactory 
end point nreh occurred It appeared that the constant lotation of the tube 
ultmiateh produced defibrination of the blood Thus the lesults of all the tests 
could be roughh duidcd into tMo groups those in wbith coagulation oc 
curred m less than thuty minutes and tlio'-e in Mhich coigulatioii did not occur 
>a thirty minutes 


To determine the yai lability of the hepann coagulation test repeated 
tests yvere done on each of sixteen subjects m whom the first liepann coagu 
ation time yvas less than thirty inmute^ In each subject three successiye 
‘‘Sparate blood samples Meie drawn according to the described technique and 
cadi sample was placed m a diiferent coi,-u!ochronometei The results are 
^ OMii 111 Table I The yariability measured as the standard deyiation is shoyvn 


Table I Resclts of Tiiiee Simssiyx Hepuin Coyci lotion Tests Done on the S-vjie 

iNDiyiDLlI M ITir TlIKEE SirCESSnC y ENIPI NCTLTia 






HEPVKIN COAGULATION TIME (ilUi ) 



TEST 

1 

1 

ilEAN 

STVNT)VRD 

DEVIATION 

SUBJECT 

1 

i 2 1 

3 1 

V 

I 

14 

18 

15 0 

_ 6 


14 

11 

17 

14 0 

30 


14 

12 

17 

14 3 

-5 


20 

24 

IS 

20 7 

3 1 


2o 

28 

22 

2o0 

3 0 


18 

I*’ 

10 

163 

38 


15 

16 

lo 

15 3 

06 


10 

14 

l9 

13 0 

26 


18 

24 

20 

20 7 

31 

T 

17 

20 


20 7 

4 0 

K 

25 

17 

2G 

22 7 

4 0 

L 

20 


19 

20 3 

1 5 

31 

16 

IS 

lo 

16 3 

1.5 


12 

11 

20 

14 3 

4.9 


2o 


^ct 

2b 0 

1 4 

P 

17 

15 

IS 

16 7 

15 

3^tal ^enca 




IS 0 

2 7 


In whom the 

arst determination 

of coagulation time 

less than thlrt> 


tXo coagulation. 
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foi each case Foi the sixteen subjects the aveiage standaid deviation ^ as 27 
minutes, giving a significant vai lability of plus-minus 5 4 mmutes * 

Five successive blood samples weie diawn fiom five individuals in vliom 
the fiist hepaiin coagulation time was moie than thiity mmutes In none of 
the subsequent tests on these subjects was the hepaiin coagulation time less 
than tliiitj minutes 

The lesults of oiu studies of hepaiin coagulation time in contiol gioiipsand 
in diseased states aie shown in Table II The second group in Table II con 
sisted of patients who had been in bed fiom sis to seventy days because of van 
ous diseases, but who did not have clinical evidence of intiavaseular tbiombosis 
In the cases of thioinboangiitis obliteiaiis the disease vas seveie enough to 
require hospitalization In each of the cases of aiteiioseleiosis obliteians the 
patient had been hospitalized because of ischemic ulceis oi gangiene, but ni no 
case had theie been a leceut aiteiial occlusion 


Table II Distribltiov op Heparin Coagulation Time in V^unous Conditions 


DUCNOSIS 

NoimU amuuiitorj 
subjects 

Bed patients irithout 
thioinbosis 
Thromboangiitis 
obliterans 
Arteriosclerosis 
obliterans 
Recent venous 
thrombosis or pul 
monari embolism 
Acute peripheral 
arterial occlusion 


HEPARIN COAGULATION TIME (MIN ) 


TOTAL 

i\Dr 

\IDU\LS 

TESTED 

30 or longer 

20 29 

10 19 

NUMBER 

PER 

CENT 

NUMBER 

PER 

CE\T 

NUMBEr 

PET 

CENT 

oU 

41 

82 

2 

4 

7 

14 

50 

39 - 

78 

4 

s 

7 

14 

14 

8 

57 

2 

14 

4 

29 

20 

S 

40 

3 

15 

9 

■io 

10 

2 

11 

5 

20 

0 

11 

0 

0 

1 

33 

0 

0 

0 

0 


LESSTld^ 


numbet 


ns 

av 


0 

0 

0 

0 

10 


In each case of thiombophlebitis oi pulmonary embolism m Ta e 
diagnosis was definitely established clinically and blood samples 
ANuthin one to seven dajs after the cluneal onset of thrombosis > 
cent of these patients had coagulation times less than ten minutes, 
coagulation time was not observed in any of the contiol subjects 
studied 

We also had an opportunity to study thiee patients patient 

ocelnsion in the extiemities shortly after the occlusion oceuiied ' 
the hepann coagulation time was thiity minutes 01 nioie, but m 
was less than ten minutes 


time 


SUMMARY 

f tlie conS*^ ^ ^ 

We have described a technique for the determination 0 j^tiou ol s®" 
of 1 c c of vmnoiis blood mixed with Ice of 0 9 pei cent so 


dium chloiide coiitainiug 0 006 mg of heparin The technique 

•Plus-minu"? 2 times the standard deviation is a generalll accepted r 
significant Nanation 


utilized 


stm- 
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coaguloclirouometei (a maclime for automatically lecoidmg the end point on 
a stop clock) and a sjiinge nliicii was specially devised to peimit fii-st the v\ith 
drawal of exactly 1 c e of the heparin saline solution fxoin a bottle and then of 
exactly 1 cc of blood lioin i vein into the Jiepaiin saline solution 411 tests 
weie done m an environmental tempeiatuie of 37 C 

Coagulation times this method vveie less than thiiO minutes in only 
18 per cent of fifh normal ambulaton subjects ind in 22 per cent of hftj be 1 
patients without evidence of tliiombosis Cm^ulitiou times were less tlian 
tbntj minutes in o3 pei x;ent of thiitv tom patients with chionic occlusive 
arterial disease of the extremities (thromboangiitis obhteians oi arteiiosclerosis 
obliterans) Coioulation times were less than thntv minutes in 89 pei cent 
and less than ten minutes in 52 pei cent of nineteen patients with recent chin 
cal venous thrombosis oi pnlmonar 3 embolism No coagulation times v\eie le&s 
than ten minutes in anj of the contiol subjects 
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A CAGE WHICH LIMITS THE ACTIVITY OP RATS 

Jesse L Bolliian, M D 
Rochester, LIinn 

With the Technical Assistance of Emery Van Hook 

T he cage sllo^vIl in. Pig 1 was developed to lestiain a lat duimg penods of 
days while an indwelbng tube was in place It has pioved veiy useful m 
collecting urine through an indwelling cystostomy tube, foi continuous oi inter 
mittent in 3 ection thiough a smaU plastic tube nisei ted into a vem, foi collection 
of lymph fiom the thoracic duct, intestine, oi hvei over peiiods of days thraugli 
a small indwelling plastic tube in a lymphatic vessel, and for other piocedures 



Pig’ 1 — ^The assembled cage. 

The cage is made of Lucite % inch thick, which may be woiKed 
naiy tools The endpieces aie 3 by 6 mches and the hole m each jjjj, 

% inch in diametei, accommodates a dunking foimtain tube oi t e 
lat Pouiteen steel lods, 6^ inches long and Vs mch in into 

mately % inch apart, constitute the flooi and sides ot the cage 
slots didled in one endpiece Holes in coiiespondnig positions in rpiie 

piece aie diilled thiough and threaded to accommodate small biass sc 
enclosed space, 1%^ inches wide and 1% inches high, accommo ^ so 

weighs 200 giams Additional holes and slots may be made m le n 
that the lods may be placed to fit laigei oi sniallei lats The oo 
placed undei an opening in the flooi, has been satisfactoiy To or 

out of the cage it is necessaiy only to lemove the sciews at t e e 
thiee lods and slide the lods thiough the openings 

From Uie Division of Experimental Medlcme Majo loundation 
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TECHMQUES FOR THE COLLECTION OP LYjMPH PROM THE LIVER 
SMALL INTESTINE, OR THORACIC DUCT OP THE RAT 

Jesse L Bolwi vn, M D ,* I vmes C C uv, M D ,t vnd 
John H Grindl v\ M D • 

Rochester Miw 

With the Techmcvl Assistvnce of Evert Vvn Hook 

followuig techniques for eollectiou of hmpli m the rat have been verj 
1 satisfactorj for periods of two or three davs for Ijniph from the liver and 
for periods up to ten days foi lymph fiom the intestme oi from the thoracic 
duct These methods have been useful in the studv of lymph from the stand 
pomt of the substances evchanged from the plasma to the lymph and of the 
materials contiibuted to the lymph from the intestine in the course of digestion 
and absorption of vaiious foods 

Cannulation of the l3niphatics of the liver is accomplished in rats weighing 
150 to 300 grams The lats are anesthetized inth ethei Through a inidluie 
incision the liver is reflected upward to the right and the stomach and duodenum 
are reflected to the left, this exposes the hepatogastric and hepatoduodenal liga 
meiits Evans blue dje, 0 1 ml of a 0 5 per cent solution is injected through a 
fine hj-podeimie needle into the liver Within a minute blue lymph maj be seen 
in the lymphatics passing through the hepatogastric ligament Aftei the worker 
has acquired a little experienee the clear lymphatics of the liver are casilj 
recognized and the injection of dye is no longer iiecessarj 

With the use of dissecting glasses, a blunt dissection with cuived mosquito 
forceps proved the most practical method foi isolation of the lymphatics The 
mfenor vena cava is dissected free above the light renal vein and i sharp 13 
gauge needle is passed under the vena cava in line with the lymphatic vessel of 
the liver and thiough the abdominal wall A plastic tube Traiisflex, 1 oi 1 5 mm 
in diameter with beveled ends, is filled with a dilute solution of heparin and 
passed through the needle to the outside The needle is then removed As much 
if the lymphatic as is exposed, usually 3 to 5 mm is dissected free and bgated 
as fai distally as possible A small longitudinal opening is made in tlie Ij-m 
phatic with the cutting edge of a 27 gauge hypodermic needle One of the 
beveled tips of the plastic tubing is then passed into the lymphatic as far as 
Possible and tied firmly in place (Pig 1) A second ligature is placed near the 
Vena cava so that the tubing is held in line with the diiection of the lymphatic 
■kny accessory lymphatics in this legion may be included m the ligature and 
since they anastomose freely , their flow is diverted to the camiulated lymphatic 
Occasionally a small lymphatic from the duodenum may deliver eloudv lymph 
to the l ymphatic vessel in the Ever this can be prevented by hgation of the small 

Received for publlcaOon July 30 1918 
Division of Experimental Medicine Main Foundation 
tDivIoion of Medicine Mayo Clinic. 
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lymphatic connection In the lat winch has been fed a diet contammg fat, the 
lymph fiom the livei lemains eleai and contamination with intestinal Ivraph b 
easily lecognized 

The lymph begins to flow immediately thiough the tubes, and aftei the 
mcision is lepaned the animal is placed in the cage desciibed in anothei papei ‘ 
The lymph is collected in a giaduated eentiifnge tube from the plastic tube, the 
flee end of which is passed through a small opemng m a rubber cap on the 
centiifuge tube The plastic tube acts as a siphon and deliveis the IjTiiph best 
at 5 to 10 cm below the level of the lat 


Portal V 


Slipper roi? 
'mesenteric 
artery 


Liver 
lympliaticp 



Intestiiial 
.^ymph<itic<s 



Vend cavd 


Fig 1- 


-Structures involved m cannulation of a Ijmphatic of the liver and of 

lymphatic. 


Inlcstin!!* 


Cannulation of the intestinal Ijonphatic which diauis most o 
mtestme is accomplished in a mannei similai to that just desciibe n 
V hich has been fed a meal that contains fat the intestinal iiga 

leeognized because they appeal m the lower portion of the gtaun 


inent Evans blue dye injected into the substance of the mtestme a 
the intestinal Ijnnph blue There usually aie accessor j intestiua 3 
which need to be ligated so that all the intestinal Ij mph may be co ec e 
the main channel . rat 

Cannulation oi the thoiacic duct is accomplished m the e 
thiough an incision just distal to the last iib, extending fiom t e " 
tenoily to the medial border of the left quadiatus lumboiuni muse e 
(Pig 2) A small gauze pack, placed in such a nay that it pus les^^ 
liver, and intestmes back and to the light, exposes the left poi len 
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phragm, the aorta, and the left adrenal „laud and kidney A self eontaminn 

pen WitJi the use of dissecting glasses a sinaU opening is made in the nen 

toneinn ovei the quadratiis liimboiuni appioTimately 0 5 cm eSlmlad to t m 
superior snpraiennl tiTch mLn « i j 'j o cm cepnaiaa to tlie 

siipraienal -irten The reins mid pentoneum aie dissected supei 


Adrenal 



the ught until the aorta is esposed The aorta in this 
thora tieed of attached tissue until the left subcostal aiteiy is exposed The 
and k'” k posteiior to the aorta It is 1 to 2 mm in diameter 

for a ]™hodded in loose connective tissue and fat The thoracic duct is exposed 
afound'^lt^ t ^ ® dissection, and a ligature is passed 

arterv a'** "PPor end of the exposed portion just caudad to the subcostal 
gauge ligature is placed 3 to 5 imn caudad to the first A sharp 13 

° passed thiough the abdomen at approximately the level of the 
process and the bereled plastic tubes 1 5 mm in diameter, ivhicli contain 
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a dilute solution of heparin, aie thieaded through to the site of cannulation 
A small longitudinal opening is made in the left anterior suifaee of the thoiaoic 
duct -with the cutting edge of a 27 gauge hypodei-mic needle This opening mai 
be enlaiged with a prohe A beveled end of the plastic tube is then slipped 
gently into the duct foi 5 to 10 mm and tied fiimly m place mth the second 
ligature The first ligatuie is tightened about the cannula and the ends of both 
ligatures aie tied together for fuithei security The tube is aiianged so that it 
will lie relatively straight in the duct and yet -will curve along the diaphragm 
before it passes through the abdominal wall The gauze pack is leinoied, the 
viscera aie replaced in proper position, and the incision is closed 

Aftei operation the rats are placed in cages constructed according to the 
description previously mentioned These cages are small in order to prevent the 
rat fiom turning around, but they do permit some forward and backward move 
ment The volume of lymph obtained varies somewhat with the dietai'j and 
fiuid balance of the animal Foi normal rats which weigh 200 grams and re 
ceive a mixed diet and watei as desired, approximately 5 c c of cleai hepatic 
lymph aie collected each twenty-foui hours for two or three days, when dislodg 
ment oi clotting -within the cannula teiminates the flow of lymph In similar 
rats under smulai conditions approximately 20 c c of intestinal lympli arc co! 
lected every twenty-four hours and the flow of lymph is usually continuous up 
to about ten days Fiom the thoracic duct approximately 25 cc of Irmph are 
collected each twenty-four hours for periods up to ten or more days This figure 
IS slighth greater than that reported by Reinhaidt^ for nonfasting adult rats 
whose thoracic ducts were eannulated by a different approach while they were 
under the effects of sodium pentobaibital anesthesia 
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STUDIES ON Rh .VNTIBODIES 


I Analysis of v Zone Phenosifnon in vn Ru Antiseklai e\ Splitting the 
Sebuni Into Two Frictions b\ JIeins of Dialisis 


Ernest AVitebski, JI D , vnd J vmes P JIohn, M D 
I Bhffvlo N Y 

o jq I •'r eighteen horn's against laigc I oluines of fieshlj distilled water, 
L' resulting in tho dnision of serum into two fraetioiis the precipitate and 
the supernatant, lias been applied to the studi of Rh antisera as reported in a 
prcMous communication' The pieeipitatc consisting mostly of globulins which 
are soluble in phjsiologie saline solution contains the major portion of the com 
plete (saline) Rh agglutinins The ‘supeinatant tiaction is a miNture com 
posed of the albumni and a ceitain amount of the globulins In this iiaction are 
found anti Rh antibodies of the incomplete (albumin) iirietj The method is of 
cerlaui practical inteiest in that lathei potent anti Rh testing reagents can be 
prepared from seia containing complete (saline) Rh agglutinins of such weal 
titer that thej could not he used for diagnostic piUTioses This is accomplished 
by dissolving the pieoipitate m a relatively small i olume of saline solution How 
eier, the agglutinating power of the 'globulin fraction can be explained not 
oalj bj concentration of the complete (saline) Rh agglutinms proper but also 
partly by their separation from the Rh antibodies of the incomplete (albumin) 
larietj which tend to “blocU ’ or suppress the saline agglutinins as long as the 
former also are present Heroin lies the theoretic interest in this procedure for 
It seems to proto that the two vaiieties of Rh antibodies occur in different serum 
fractions 

Since the original report was made a large number of additional anti Rh 
sera have been CNamined by this method or a sli„htl\ modified adaptation of it 
Many sera have shown principally the same results when subjected to dialysis 
Considermg that the method is as crude as it is simple, it was to be expected 
that not all Rh antisera would foUow the same pattern One serum which was of 
special interest because it seemed to differ from tho legular behavior is the sub 
ject of the investigations to be reported m this and the two foUowmg eoinniuni 
cations It was obtained from an Rh negative patient who received multiple 
transfusions of whole blood, the majority of which most probably were Rh 
Pesitive, stimulating the production of Rh antibodies A brief case history of 
tbis patient follows below 


ifr Eeo liad seven hospital admissions between February 1937 and liis death in Febru 
19i6 He suffered primarily from chronic ulcerative colitis wluch was treated initially 
ileostomy and finally by colectomy During bis first sii. stays m the hospital he received 
of 4,000 c c of citrated, whole blood compatible as to the blood group but unknown 
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as to the Eh factor At the time of lus final entrance into the hospital to undergo a total 
colectomj, he received in all 3,000 e c of citrated, whole blood belonging to his blood group 
but irrespective of the Eh type of the various bloods The last 500 c c produced a 'evere 
hemolytic transfusion reaction The analysis of the transfusion reaction carried out in our 
laboratory revealed the fact that the patient was an Eh negative individual who'e serum 
contained an Eh antibody A large quantity of blood was collected from this patient iimne 
diatelj after his decease Examination of the serum obtained from this specimeu slioived^i]! 
Eh antibody of the complete (salme) variety of only weak titer but one of the ir 
(albumin) variety of high titer However, in no dilution of the patn,” , 
agglutination of Eh positive cells greater than 2 plus macroscopically in the initial invedi 
gations earned out The relatively weak degree of agglutination excluded the use of this 
serum for practical purposes as a diagnostic reagent Accordingly, it was decided to 
dialyze a sample of it 

Two fractions were obtained by dialj zmg 100 c c amounts of this serum for eighteen 
hours against two changes of 12 liters each of freshly distilled water in the refrigerator 
at approximately i° G The precipitate, to be referred to as the “glohuhn fraction,” was 
separated by centnfugation from the remaining dialysate, to he referred to as the ‘‘super 
natant fraction ” The “globuhn fraction" was dissolved in 10 c c of 0 9 per cent saline 'olu 
tion corresponding to one tenth the amount of the original serum specimen (a ten times 
concentration) and lyophilized in small ampules containing 1 0 c c each lYhen needed, 
they were dissolved by the addition of 1 0 c c of distilled water The salt free "supernatant 
fraction” was also Ijophilized and when needed was dissolved m phjsiologic sahna solution. 
The experiments recorded in this paper all refer to the two serum fractions obtained in 


this manner 

In order to compare the relative distribution of the complete (saline) and incorop ete 
(albumin) Eh antibodies in the two serum fractions with that in the native (untreate ) 
serum, the first experiment was carried out in two parts In Part I sabne was used as 6 
medium for preparing the dilutions of the serum and its fractions and for suspending e 
Kh positive test cells, while in Part II, undiluted, normal, adult, human serum of Group 
was used as a diluent Experiment I itself was carried out in the following manner ^ 

Decreasing amounts of native serum (Eee) and its two fractions, 'pj 

were mixed with 0 05 c c of a 2 per cent suspension of homozygous Bh, (C e/ e) 
belonging to blood Group O The tubes were shaken thoroughly After stan ing^ 
hour at room temperature they were centrifuged at approximately 1,500 reio n ^ 
minute for two minutes and read macroscopically for agglutination as recor e m 

Tins experiment shows that the complete (salme) Rh antibodies, 
xerj' weak fiom the stait, aie somewhat concentrated in the "globulin^ ra^ 
coiiesponding to previous expeiiences The “supernatant fraction 
contain any complete (saline) anti-Rh agglutmins When salme is rep ace 
diluent by undiluted, normal, adult, human serum, mcomplete (a 
agglutmins of considerable titei become apparent m the native 
expeiiment, howevei, the degree of agglutmation of Rli-positive 
not exceed the 2-plus stage m any of the dilutions tested A zone P 
in the middle of the titiation can be recognized In eontiast to ^ ® (.elk 

the “globulin fi action” produces a 4-plus agglutination of the fj.actioa 

which is stronger than might he expected even if it is reahzed t la 
eoi responds to a ten times concentiation of the ongmal native s 
“globulin fiaetion” also diffeis from “globuhn fractions” read 

inasmuch as it contains Rh antibodies of the mcomplete (albumm) v ^ 
mg much stionger if undiluted serum is used as a diluent ms 


solution phenoDi'-no" 

The second fraction, “the supernatant,” reveals a ” Or' 

nhieh is absent both m the native serum and m the “globu n 
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Table I Vcclutination oi Rji Positi\e Croup O Cells Seri m (Ree) and Its Ta\o 
ir\cTroNS ( Globulin vnd &ui£nN\r\NT ) 


diluent 

1 \RT1 

0 s\line 

j PVRTir 

LNDILLTFD HI MAN 

SERLII 

SERUM (REE) 

V 

native I 

B 

GIAIDI I IN 

C 

SI 1 LR 

NVT\NT 

A 1 

NVTIVF 1 

B 

GLOBULIN 

C 

SUPER 

NAT ANT 

1 Undiluted 1 

+ 

+ + 


+ + 

+ + + + 

_ 

2 12 

± 

+ 

j 

+ 4- 

+ + + + 

± 

3 1 i 

- 

+ 


+ + 

+ + + + 

+ 

4 1 S ' 



_ 

+ 

+ + + + 

4- 

5 1 lb 1 

_ 

± 



+ + -}- + 

+ + 

6 1 32 


+ 

_ 

+ 

+ + + + 

+ + 

7 1 G4 


+ 

_ 

+ + 


+ 

S 1 128 

_ 

+ 

_ 

+ 


+ 

9 1 2oG 


+ 




+ + 

10 1 512 

_ 

_ 




+ + 

11 1 1 024 

I** 0 

- 

- 

- 

+ + 

+• 

+ + 








*• J'O agglutination i. Faint agglutination + Slight agglutination ++ Marked agglutina 
uon + + + Strong agglutination + + + + \ erj string agglutination 


could leadih tisinlize how tiie oombiiutl action ot the two separate seium frac 
tions could Hsult in the pe of aoJiitmation that is shown b\ the natne seium 
Inasmucli as tlie c\pciinient sliown in Tible I dnl not reach the end point 
of agglutination and because of tlie zone phenomenon obser\ ed a second e\pcri 
ment was earned out as follows 

Decretjjjog amounts of tho natite ^erum (Roc) anJ it<» tt\o fractions respectively, ■volume 
OOj cc v\ere mixed uitli 005 cc of i 2 per cent suspension of homozygous Bh (CDe/Ce) 
Group 0 colls The nnstures were nlloucd to remim for ono hour at room temperature and 
were spun down Tlie resulting agglutinations is road Jintroseopicnlly are shown in 


TtBIElI ArOLUTlN \TION m Hll PoslTUE GROI P O rCLI S BV THE IM OMl I*ETB AnTI lUI 

•Antibodies oi Serum (Kee) and op Its Two Fil\ctions— End Point Titrations 


SERUJC (REEl 

1 ^ 

\ NATIVE 

1 ® 

1 OLOUUI IN 

1 ^ 

1 SUrEDNATANT 

1 

Undiluted 



_ 


1 

2 

+ + 

+ + + + 

- 

3 

1 

4 

+ + 

+ + + + 

± 


1 

8 

+ + 

+ + + + 

4- 

'J 

1 

IG 

+ 

+ + + + 

4- 4- 


1 

32 

+ 

+ + + + 

4- 4- 

/ 

1 

G4 

+ + 


4- 4- 4- 

8 

1 

1‘’8 

+ + 

+ + + 

4- 4- 4- 

9 

1 

25G 


+ + + 

4- 4- 4- 

10 

1 

512 


+ +■ + 

4- 4- 4- 

11 

1 

2 024 


+ + + 

4-4- 

12 

1 

2 048 


+ + + 

4- 4- 

13 

1 

4 096 


+ + + 

4-4- 

14 

1 

8 192 


+ 4- 

4- 

15 

1 

16 384 


4-4- 

± 

IG 

1 

32 768 


4-4- 

- 

17 

1 

Co 536 


4- 4- 


IS 

1 

131072 


4- + 

- 

10 

1 

‘’ti2 IJi 


4- 

- 

-0 

1 

524 2SS 


4- 

- 

•It 

1 

i 048 570 

_ 

£ 

- 

T’ 

1 

2 097 152 

_ 

- 

- 

‘’3 

1 

4 104 304 

_ 

- 

- 





_ 

- 

- 

Nil dilutions made ■ 

ivitli undiluted normal 

adult, human s rum 

of Group O 
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Expeiuneut II again demonstiates the fact that the native seium upon 
titi atiou exhibits a zone phenomenon most obviously m dilutions of 1 16 oi 1 32, 
leaching an end point titei of appioximately 260,000 * The “globulin fiaetion” 
reveals the presence of an incomplete (albumin) vaiiety of Eh antibody of con 
sideiable stiength deci easing in potency in a stiaight line with an end point ot 
appioximately 1 500,000"-' without showing any zone phenomenon No aggluti 
nation oceuis in the undiluted “supernatant fiaction ’’ As this fraction is 
diluted fill thei an incomplete (albumin) anti-Eh antibody of incieasmg stiength 
becomes appaient until a dilution of 1 512 is leached, whereaftei it decreases, 
leaehing an end point titer of approximately 1 8,000 ® 

The preceding experiments focused attention on the peculiai behavior of 
the ‘ supernatant fraction” when titrated in undiluted, iioimal, adult, human 
semm Was the piozone phenomenon due to surplus inhibition oi to the actmtv 
of an antibody truly bloelcing in nature^ When AVienei“ fii-st described his Rh 
‘blocking antibody” (“incomplete” Eh antibody of Eace®), he demonstrated its 
presence bv rts “blocking” effect on the Eh saline agglutiiun (complete Rh an ti 
body) However, experiments by Diamond and associates^” and Wieiiei ic 
vealed that the so-called “blocking” antibody did not “block” at all it as i 
diluent saline solution were replaced by 20 per cent bovine albumin solution or 
undiluted human serum Use of these latter substances as diluents resulted m 
agglutination of Eh-positive cells treated wrth such a “blocking” oi ‘ uiconi 
plete” antibody In the case under discussion, undiluted, normal, adult, human 
serum was used as a drluent and still a piozone phenomenon was observed 
The blocking effect of the “supernatant fraction” was tested m Experinieu^ 
III following a similar order of experiment as used in an earlier communication ^ 
The cell suspension and the dilutions of the “supernatant fraction ^ 
made in undiluted human serum instead of in physiologic saline solution 
expeiimeiit itself wms caiiied out thusly 


Decreasing amounts of ( \) “tlie supernatant fraction” of beruni (Kee) a 
“supernatant fraction” of a normal, adult serum, used in tins espenraent as a con ^ 

0 15 cc, Here mived with 0 05 c c of a 6 per cent suspension of honiozjgon= Part 

cells belonging to blood Group O The experiment was set up in duplicate ( 

H) After incubation for one hour at room temperature, the following ^ ^ 

added to each tube in Part I, 0 05 c c of undiluted “globulin fraction o seru 
each tube in Part II, 0 05 c c of undiluted anti D (Eh„) serum (Dad) contami 
body of the incomplete (albumin) vaiietv The tubes after being shaken we 
additional hour it room temperature, then centrifuged and lead nncroscopica v 
tion The results obt lined are recorded in Table III ^ jjldaJ 

It can he seen that the ‘ supernatant fiactiou” of seium irac 

mhibit 01 block its own “globulin fiaction,” thus pieventing the 
tion” tiom agglutinating the Eh-positive test cells It also (albumin; 

tmation of Eh-positive cells by aiiti-Eh agglutimns of the inconip e 
vaiiety contained m seium (Dad) (Pait II) as compaiecl wit i 
taut fiaction” of the noimal seium used as a coiitiol 

In Expeiiment III, decieasiug amounts oi the < globub’' 

ing the hloclaug phenomenon were mixed with constant amounts o t s* 


•Inasmuch as pipettes Hore not changed with each dilution the= 


houll : 


taken as absolute \alues 
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Table IIL Inuiditouv Effect op tii£ Supecn vtakt Ft action ’ of Seruic (Eeb) on the 
Agglutwation of En Positive Group O Cells ij\ Ru Icclltimns of the 
Incojiplete Vvbieta 


SUPERNATVNT FILICTJONS 

PARTI 

GIOOULlVir ACTION (REE) 

part II 

ANTI Rir SEBUM (DAD) 

V 1 B i 

SERUM fREJS) IvORMAf SLRfiil I 

A 

SERU5I (FEE) 

1 ^ 

1 NORMAL SERUM 

1 Undiluted 

i ± 

+ + + j 


+ -*• + 

2 13 


Bx! 



3 19 





4 1 27 





5 1 81 





6 0 






All dilutions made ■uith undiluted nonnal adult human serum of Group O 


fraction ’ and ivith anothei anti Rli seium eontainin^ incomplete (albumin) Rh 
antibodies The ncNt eipeiiment to be lepoited levcabs the blocking eftect of 
this “supernatant fiictioii’^ of soium (Rce) when it li added in a constant 
amount to decreasing amounts of its own r^lolmlin fiaction ’ and its own 
supernatant fiaction ’’ The o\peninent was ptiloimid as follows 

Decreasing amounts of (A) the ‘^globulin fractiou obtameJ from anti Rh serum (Ree) 
unJ (B) the ‘ supernatant fraction^* obtained from anti Kli crutn CRee) >olume 0 05 cc, 
vfcre mued in Part I with 0 1 c c of undiluted supernatant tr iction of ‘lerum (Rce^ and 
m Part H mth 0 1 c c of undiluted ‘ supernatant fraction of a normal serum After tlio 
tabes Mere shaken, 0 Oo c c of a 5 per cent suspension >f RJi (cDE/ 1 } Group 0 cells was added 
to each The tubes after reiuaming one hour it room teiiiperntiire iiere centrifuged at 1 500 
Jetolutions per minute for tuo minutes the result mt agglutinations «ere rpad macroscopicallj 


Table IV Agghjtiv\tion of Kii PosmiT Group o ceu^ b\ the globulin and 
S umNATAhT Fractions’^ of Serum (Ree) \ptep Being Mixed Wmi tub * Supernatant 
Filvction’ op sertu rREE) 


fractions of anti Eh 

SEBUM (REE) 

PART I 

SUPERN VTANT FRACTION 

OP RERUM (REF) 

PART ir 

SUl ERN ATANT FRACTION 

OF NORMAL SERUM 

A 

OLOBUI IN 

1 ® 
jsUPEl NATANT 

A 

GLOBUTIN 

1 B 

[supernatant 

1 Undiluted 

+ + + 

_ 

+ + + + 

- 

2 1 2 


- 

+ + + -f- 

- 

3 1 4 

+ + 

- 

+ + + + 


4 1 8 

+ + 

~ 

+ + + + 

■f 

5 1 10 

+ 

- 1 

+ + + + 

+• 

C 1 32 


_ 1 

+ + + 

+ + 

7 1 64 

_ 


+ + + 

+ + 

S 1 128 

_ 

- 

+ + + 

+ + + 

D 1 25G 

_ 


+ + + 

+ + 

10 1 512 1 

_ 


+ + 

+ 

11 1 1 024 


_ 

*■ + 

+ 

13 1 2 048 


_ 

+ + 

i 

13 1 4 006 


_ 

+ + 

- 

14 1 8 Z92 


_ 

+ + 

- 

15 1 16 384 


~ 

+ 

- 

16 I 32 768 


- 

+ 

- 

11 1 65 536 


- 


- 

IS 1 131 072 


- 

± 

- 

10 1 2G2 144 

_ 

- 

- 

— 

-9 1 521^88 

_ 

- 

- 

- 

21. 1 1048 570 

_ 

- 

- 

- 

3" 1 2 097162 1 

_ 

- 

- 

- 

23 0 

_ 

- 

- 

- 

— *^4 n X n j c p serum diluent 1 

- 

“ 

- 

- 


dilutions made with undiluted normal adult, human scrum of Group O 
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and recorded in Table IV In this experiment all dilutions and cell suipensions huc [inpatel 
i\ ith undilnted, normal, adult, human serum of Group O 


When a constant amount of the undiluted “supeiuatant fiaction' ot Kii 
antiseium (Kee) is added to deci easing amounts of its own “globulin liatlion,” 
a maiked suppiession ot the agglutination of the Kh-positive test cells icsults, 
leducing the titei of its own “globulin fiaction” tiom 32,000 to 16 Fuitlicr 
moie, the undiluted “supernatant fiaetion” of seium (Eee) when added m ton 
stant amount to deeieasing amounts of the same “supernatant fiactiou" oi 
seium (Ree) itself, completely suppresses and pi events the agglutination of the 
Rh-positive cells by the incomplete (albumin) Rh antibody contained in the 
gieatei dilutions of this ‘ supernatant fi action ” In coiitiast, the addition ol 
the ‘supernatant fi action’’ of a noimal seium fails to pieient the agglntiiiation 
of the Rh-positive test cells by the “globulin fi action” and tlie “siipeinatant 
fraction” of seium (Ree) 

In the expeiiments deseiibed thus fai, the blocking effect of the “siipeuia 
tant fiaction” ot the anti-Rh seium (Ree) was tested against its ouii “globulin 
fiaction,” which contains a veiy potent incomplete (albumin) Rh mitibodv, and 
against one additional anti-Rh seium (Dad) containing the same type of Rii anti 
bodies but of lowei titei What effect would the “supeinataiit fiaction’’ ot 
serum (Ree) haye on anti-Rh antibodies of the complete (saline) vaiieh? To 
find the answei to this question, two anti-Rh sei a with antibodies ot the complete 
(saline) aaiiety and an additional anti-Rh seium with antibodies of the lucom 
plete (albumm) vaiiety weie tested in Expeiiment Y All of the dilutions an 
the cell suspension ueie made with undiluted, iioimal, adult, human serum ot 
Gioup 0 This expel iment was earned out in the foU owing nidiinci 

Decreasing amounts of ( s.) anti Rh globulin (Dib) , contaimng Rh antibotos 
complete (saline) varietj, (b) anti Rh serum (And), containing Hh antibodies o 
plete (saline) vaneti, and (c) anti Rh serum (Dad), containing R!i antno 
complete (albumm) variety, volume 0 05 cc, nere mixed m Part I "ith °° ° 

‘ ‘ supernatant fraction ’ ’ of serum (Ree) and m Part II ivith 0 1 c c of undilute s 
fraction” of a nomal serum Each tube received 0 05 cc of a 5 per cent ^ 

Rh (cDE/ c) cells belonging to the blood Group O Following the addition of J 
the mixtures were incubated for one hour at room temperature and were t eii c 


The resulting agglutinations are recorded in Table V 

Table V Blocking Effect of “Supernatant Fraction” oi 

Agglutination of Rh Positive Group O Cells by Thpee 


PARTI 

supernatant fraction 
OFSERinr (kee) 

A b c 

GLOBULIN SEPUAI SEPUM 

tniB) (and) (dad) 


globliin 

ANTI Rh SEP a (DIB) I (AND) | (PAP) ^ 

1 Undiluted Z Z ++ + + ** 

2 12 _ _ _ + + + + 

3 14 _ _ _ + + + 

IIS _ _ _ •r + + 

5 1 16 _ _ - ++ + 

61 32 _ _ _ ’’Z 

71 61 _ _ _ + _ 

S 1 12S _ _ - - - 

9 1 256 _ _ - " , 

10 0 - [JlinManeW 

A Globulin (Dib) contains antl-Rh antibodies ot tbe incomrleW ^ iritO 

B Serum (And) contains antl-Rh antibodies of the complete (^a . ^ ,^,0 


r HIT II 

SUIEPMTANTFB-WtiOA 

OP NOPIl AI- jiUl Z! 

yZSkbs 

■++ *** 

, m +1- + 


c Serum (Dad) contains antl-Rh antibodies of the incomplete 


( dbuniin) ' 
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It eau be seen fiom this expeiiment that the supcinatant fiaetion ' of 
serum (Ree) completeh suppiessts the Tgglutination of Rhpositne cells bj 
anti Rh agglutmms inespettne of whethei thej aie of the incomplete oi the 
complete \a 11 et 3 The supeiiutant fiactioii piepaicd fiom a normal human 
serum does not pie\cnt tlie a"p,lutination of the Rh positne cells am of the 
anti Rh seia tested 

DISCUSSION 


Zone phenomena fiequenth ha\e been seen upon quantitative titration of 
Rh antiseia Tajloi, Race Piioi, and IKiiP*’ icpoitcd an anti Rh containmg 
semm which when used undiluted caused according to then interpietation, the 
agglutination of cells classed as stiongh positive leaetoi’s to Rh antibodies but 
failed to agglutinate vveakei cells Upon seinl dilutions of this serum these 
vieaklj reacting cells also were agglutinated The authois suggested at this 
time that the titration method sliould be applied to seia foi the detection of Rli 
antibodies 


Attention was called bj Levmc” to the fact that pi ozone phenomena were 
occasionally observed in anti Rh seia He warned that such sera should not be 
used foi routine Rh t}ping The same authoi with Waller^ m additional 
experiments carried out ou sera cxlubiting piozones reported tliat this phenonie 
non could be explained bv the fact tint such seia contained a mixture of com 
plete (salme) and incomplete (albumin) Rh agglutinins The lattei antibodv 
acted as a “blocking antibodv ’ pieventmg the a„e,hitination of Rh positive cells 
ni the first few dilutions B\ absoiption wntli Rli positive cells this piozone 
could be eliminated, appaiently due to the icmoval of the incomplete (albumin) 

of Rh antibody 

After the investigations of vaiious authors liad shown that the blocking’ 
antibod} of Wienei, or tlie incomplete antibodv of Race could be demon 
^trated directly when undiluted human seium or 20 pei cent bovine albumin 
replaced salme solution as the diluent Levine'* icpoited that quantitative studies 
outhe dll ect reaction’ of this so called blocking antibodv levealed the pies 
cnee of a prozone phenomenon in ccitain instances He laised the question 
''hethei theie were not two varieties of ‘ blocking ’ antibodies 


Hattersley and Fawcett“ reported thicc mstances of Rh antisera showmg 
prozoiies when titiated in undiluted human seium and tested against Rh positive 
cells suspended in 30 pei cent bovine albumin The piozones observed by them 
Id not appear at room temperatuie but onlj followan^ incubation of tlie seium 
cell mixtures for one houi at 37° C This prozonc occuired onlj with cells of the 
subt}pe Rho but not with Rh' 01 Rh" cells If the tubes were centiifu^ed im 
•ucdiately after the titration was completed the piozone phenomenon failed to 
appear As a result of this obser\ation Hatteislej” suggested a modification of 
0 technique of routine Eh tj ping using the readilj a\ ailahle Eh antisera con 
aimng rii agglutinins of the incomplete (albumin) \aiiety and centrifuging at 
>gh speed without preluninar^ incubation m ordoi to eliminate falselj negatn e 
reactions as a result of the prozone phenomenon It is intciesting to note that 
prozone phenomenon inci eased in Hattei-sle^ and Fancett s case 3 follou 


™g stimulation of the patient with small injections of Eli positive blood belong 
'“K to the subtype Ehi 
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SUMMARY AND CONCLUSIONS 

The method of splitting anti-Rh seia into two fi actions by dialysis, iiameiv 
the piecipitate (globulins) and the supernatant (niL\tuie of albiiiiiiii and globu 
lins), has been applied to the seium of an Eh-negative patient (Ree) wlio pit)- 
duced Rh antibodies foUowuig multiple tiansfusions of Rli-positive blood o\ era 
peiiod of seveial yeais The compaiison of the untieated seium with its two 
fi actions led to the following obseivations 


1 The native, untieated serum when tested foi Rh antibodies, using uii 
diluted human seium as a diluent, contained Rh agglutinins ot the iiicoiiiplete 
(albimiin) vanety up to a titei of appioMinately 260,000 Howeici, definite 
zones of agglutination became appaient upon quantitative titiatioii 

2 Maiked agglutination of Rh-positive cells decieasmg in stiength ni a 
stiaight line upon dilution was pioduced by the “globulin fi action i o zone 


phenomenon was observed with this fi action 

3 The second fi action, the “supeinatant,” showed a stiong piozone pli 

nomenon in the fiist few dilutions By ‘ combining the two ’ 

“globulin” and the “supeinatant,” the iiiegiilai zone phenomenon of the iiatue. 

untieated seium can be iindeistood ,tinii ol 

4 The “supeinatant fiaetion” of seiiun (Ree) blocvs le ago ‘ s 

Rh-positive cells by both the complete (saline) and the ^ 

laiieties of Rh antibodies This is in contiast to the « 

incomplete (albumin) antibody which inhibited the agglu ph 

cells bi the complete (saline) Rh antibody only but induced a^o 

positive cells by its own action when saline solution was leph 

noimal seium oi albumin solution 
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STUDIES ON Bh antibodies 

II The Demonstevtion or v Third T\pe ot Ru 
Blocking PiiOiEBriFS 


AViTii 


JUIESP Mohn ■\ID, vnd Eenfst MD 

BUIFILO N ^ 

TNUB inecedm^ conuuuuicat.o.E ao^enbcd «^M>Lunic.Hs earned oot on ^ 

1 Rh Lum obtained Horn an Rb negatnc ,.at« nt ho 

tnniitusions o£ Rhpositnc Wood into tiso fiattioin> b) 

iioraeiion upon quantitatiic titiation ^ , ,i,peiiiatant (the 

the Pieeipitate (the globulin f on ) „ii.t,..ation of 

“supernatant fiaction ’), the globulin {ollowing the seiial 

Rlipositiie cells doci easing m potuici in a s i = contrast the supernatant 
dilutions without CNlubitm„ a zone iilicnomcuon eiulent in the 

fraction” shoiied a definite piozonc phenomenon wbuh 

natiie serum Itself i during Bh antibody 

Prozono phenomena haio been encoun ere e\porunents to be 

miestigations as mentioned in tji^ problem of iiliether the 

reported in this second comraiuueation <1 flection of semm (Ree) is 

piotono phenomenon found in the supe ..mi^cd b) the pies 

duo to a siiiplus inhibition (suiplus of R1 «lueh in contrast to the 

ence of a pccuUar autibodt eNlnbiting a ) oe even when uii 

Mod mg” antibodj dcseiibed by Wiciie , 
diluted, normal, adult, human senun is use as a surplus 

Aiumnig that we ate dealing with a tine bloel ed 

inhibition. Eh positive cells tieated with ‘ ^^legic salmo solution oi un 
although subjected to multiple wasliiugs i P = plienomenon 

diluted noiil, human seium On the sensitized cells 

ucic due to a suiplus of Rh , ^„t,podies thus causing agglutina 

should lesult iii a removal of this surplus , . acnl with this pioblem 

tioii to occui The e\peiinients to be ® T^cedmes vveie involved ni each 

From the tochnieal point of view two differtn p treated with the supei 
evperiment one, iii vvliieh the Rh positive ce , thoiough washings of 

uatant fraction” of seiiim (Ree) follovv^ed J a testing of the 

these blood cells, and the second, winch consi eontaming different 

sensitized cells hj means of the addition of anti KH 

varieties of Rh antibodies -niraoinU niocedures cinplojed 

The first e\poiniient well ^ not the supernatant frae 

Hv^performed in order to deteim.uo ,cUooi or 

MrAi the Department of Hospital 

ilcdlclne and the Laboratories of The ButtMO 
Received for publication '^ept 
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tion” oi seium (Ree) contained an antibody which would sensitize Rlipositin 
cells and thus pievent then agglutination when subseqnenth mixed with anti Rh 
seium Expeiiment I was earned out as follows 

I Method of Sensitization of Bh Positive Cells — 

1 0 5 c c of a 10 per cent suspension of Eh_ (cDE/c) cells belonging to blooJ 
Group O was added to each of ten tubes in two rows of five tubes cacli 

2 To Eow (A), increasing dilutions (1) undiluted, (2) 1 3, (3) 1 9, (1) 1 h, 
and (5) 1 81 of the "supernatant fraction" of serum (Eee) were added la a 
volume of 15 cc per tube A total volume of 2 0 cc was obtained in all 
tubes, the only difference being the amount of the "supernatant fraction” 
present in each tube 

3 The tubes were shaken well and kept for thirtj minutes m the refrigerator 
at 4“ C 

4 After centrifuging the tubes for ten minutes at 4,500 revolutions per minute, 
the supernatant fluids weie aspirated and discarded 

5 The sediments, consisting of packed red blood cells, were washed tliorouglJ) 
three times using 5 0 c c of ice cold 0 9 per cent saline solution per tube * 

6 After the thud washing all of the saline solution was removed as coniplcteh 
as possible bj aspiration 

7 0 o c c of undiluted, normal, adult, human serum w is added to each tube and 
the sedimented cells weie lesuspended completely in the serum 

S A paiaUel Eow (b) was set up under identical experimental condition ( tips 
1 7), the only difference being that the "supernatant fraction" of i nurnia 
seium was used (control) 

II Method of Testing the Sensitized Bh Positive Cells for Agglutination ll'ith 
Seta — 0 05 cc of the cell suspensions was removed fiom eacli of the tubes of Boiv (') 

Eow (B) and pipetted into a new senes of small tubes The experiment was cime 

in duplicate To each tube in Pait I, 0 05 c c of undiluted anti D (Elio) serum coulamub. 
Eh agglutinins of the complete (saline) variety was added, and to each tube m ar 
0 05 c c of undiluted anti D (Eb„) serum containing Eh agglutinins of the mcomp e c 
bumin) varietj was added After being allowed to stand for tlnitj minutes it room 
ture, the tubes were spun down for two minutes at 1,500 levolutions per minute 
suiting agglutinations aie seen in Table I 


Tvbte I Agglutim vTio\ B\ Anti Eh Serv op Eh Positive Cells Trevteb 
"SUPEPNATANT PRACTION" OF SERUM (EEL) 


With the 


SIPFKN VTVXT 
FI VCTIOXS 


I XRT I 

XXTI D (Ell„) XOGLUTIMNS 
COMPIETE (SVLIXE) VVRIETY 


Undiluted 
1 3 
1 9 
1 27 
1 SI 


SCI VII (hec) 


B 

NOR VI VL SEIiUVI 


P\RT U 

VNTID 
IXCOVIPLETF 


SFRUM (Rtf) 


+ 

+ + 


+ + + + 
4 + 4 + 
4444 
4444 
4444 



Vll dilutions made with undiluted noiiiial adult human serum of Oro 
- No agglutination 
± Faint agglutination 
+ Slight agglutination 
-H- 3Iarked agglutination 
t 4+ Strong agglutination 
jj4+ Verj strong agglutination 

•Phjbiologic saline solution was used for all of the 'iji Qxi«.rliiienE> 

experiments revealed that there was no difference m the " used 

live of w hetlier saline or undiluted normal adult human serum w 


liinJ }.^'l <■ 
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\ccoidiiiQ to lj\])ei]]iient I Kli j)ositi\c ceils ticated \ itJi tiic supcinataiit 
fraction of seium (Kee) ful to be aoJutimitcd upon tlie addition of Rh 
antibodies of both the comiilete (sthne) and the incoiiiplete (albumin) ^arietj 
depending upon the amount of the supeiiiataut fraction of the seium (Ree) 
used foi the sensitization of these cells The complete (saline) t\pe ot Rh 
agglutinin seems to bo bloel cd moie easih than tbc incomplete (albumin) t>pe 
In contrast, the ‘ supeniataiit fiaetioii obtained fiom a iioimal adult human 
serum does not exhibit an> bloel iiv piopeitus indicating tbc specificity of the 
effect obseued 

The lesults of this expeiirnLiit ucu coiiohoiatcd in min\ otheis earned 
out in an identical oi simil u mamioi and seem to sii,,^est that the prozone phe 
nomenon obsei\ed in tlie supcinataiit ti ictioii ot sciiim (Ree) is due to a 
peculiir type of Rh antlhod^ lathei than to the pitsence ot a stiiplus of Rh 
antibodies which sliould ha\e lieen lemoved h\ the multiple wasliin„s 

The question aiose wliothei tlie inhibition ot i,,^Iutmution shown in the 
first experiment could he lepioductd with an Rh intibod\ of the Itnown in 
complete (albumin) \nnet\ i)re\iousl\ dosinbcd b\ Rice’ and Wienei oi 
^>hethei the blocking phenomenon was taused I)\ a diftcient thud t^pe of Rh 
antibody present in the ‘supernatant fiaction ot serum (Ree) 

In an attempt to answei this piobitin in (xpinmint was earned out on 
a qualitative basis compainig tlie supcinataiit tiaction ot seium (Ree) with 
the ‘supernatant fiaction’ of anti Rh seium (Fis) 1 nown to contain Rh agglu 
tmins of the incomplete (albumin) vaiuty 1 xptnment II was peifoimcd as 
follows 

r Method of Seiwti ation of Ph Poittur tells — 

1 0 5 c c of ft 10 per cout auspcn<»iou of lictcrozvgou^ Rli (Cl>c/ce) cells belonging 
to blood Group 0 uag lidded to < idi of tliiee tube'* 

2 0 5 c c of undiluted supemntnnt fmctions \'is added to oacli tube O'* follow h 

Tube (\) ‘Supiinatant frnctmi of ocrurn (Rcc) 

Tube (B) ‘bupematunt fraction of corum (Fi ) 

Tube (0) Supernatant fraction of u normal adult liumaii serum (control) 

3 The tliroo tubes were shaken well and kept for tliirtj minutes m tlie refrigerator 
at 4 C Following this incubation period examination of the tubes revealed 
agglutination in tube (b) witli the supcrnitant fraction of erum (Fit.) 
known to contain incomplete (albumin) Rh agglutinins No visible agglutma 
tion was detectable lu the otJier two tubes (\) and (C) 

4 The tubes were centrifuged for ten minutes at 4 500 i evolutions per minute 
and the supernatants were aspirated ^nd aved for further te ting as will be 
described in a later experiment (Expennicnt III) 

0 Tile coll sediments were washed thoroughly three time'* using 5 0 c c of icc 
cold physiologic saline solution for each tube AVlicn saline solution w is added 
the first time the packed cells m tubes (v) and (c) completcU dispersed 
allowing no agglutination However the cells in tube (u) wliicii liad been 
treated with the incornpltle (ilbunun) Rh agglutinins of tin, 'supernatant 
fraction" of serum (Fis), again showed definite agglutination This clump 
ing was completely broken up by vigoious shaking and inverting of the tube 
Some agglutination still occurred m tube (n) following the second washing 
but to a much lesser degree than at the time of the first washing W hen the 
cells were washed a third time no visible agglutination was noticeable 
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6 After the thud ^^‘^shln.g and centrifugation tlie saline solution was ruaoieJ 
as thoroughly as possible by aspiration 

7 0 5 c o of undiluted, normal, adult, liunnn serum then w is addul to eaJi of 
the thiee tubes and the packed, sedimented cells were resuspended complctch 

II Method of Testing the Sensitized Sli-Positive Cells foi Agglutination With Inliili 
Seia — To 0 05 o c of each of the three sensitized cell suspensions pipetted into tliree ruHa ol 
thiee small tubes each were added in Row (1), 0 05 c c undiluted anti D (Kli,) eniiu ton 
taming Eh agglutinins of the coinpilete (saline) larietj, in Row (2), 0 05 ce uuililuteJ 
anti D (Eh„) serum containing Eh agglutmins of the incomplete (albumin) i uiefi , mil m 
Row (3), 0 05 cc of undiluted, normal, adult, human serum After st lading for one lionr 
at room temperature, the tubes were centrifuged for two minutes it 1,500 reiolutioiis pu 
minute and lead macroscopncally for agglutination The results aie seen in Tihle If 


T\ble II Agglutination b\ Anti Eh Serv op Eu Positue Cells Tieitlii Mitu thi. 

"SUPEKNITANT PRACTIONS-” OP , SEBUM (EEE), ,SEBUM (PIS), AND I AOIHUL fcEU 'I 


SUPEKNATINT H ICTIONS 


1 Anti D (Eh,) agglutinins (complete) 

2 Anti D (Eh,) agglutmins (incomplete) 
■5 Normal, adult, human seium 


A 

B 

1 ^ 

SERUM (REE) 

serum (hs) 

1 \oi!M iL sen u 

__ 

+++f 

+ + + T 

— 

+++ + 

ff+t 

- 

+ 

“ 


A.U dilutions made with undiluted, noimal adult human serum o£ Group 0 

The &upeinatant fraction” of seium (Eee) completely suppi esses agglu 
tmatioii of the test cells In contiast, the “snpeinataiit fiactioii” ot a seriiin 
containing Rh antibodies of the mcomplete (albumin) vaiiety fails to inlu it 
the agglutination of Rh-positive cells upon the subsequent addition of Wi “o 
ghitinins of eithei the complete (saline) oi the incomplete (albumin) iaih-"i 
behaMiig exactly as the “supernatant fi action” of the noimal seium ^ 
Attention should be called to the fact that Rh-positive cells tieate uit 
“supernatant fiaction” contaiiimg incomplete (albunim) Rh 
onlj shghth agglutinated, if at all, following then lesuspeusion ui 
noimal, adult, human seium (3B) This obseivatioii suggests that the 
(albumin) type of Rh agglutmins can be lemoved tioni Rhposituc ce 
simple washing, a finding which will be discussed latei in detail 
Vs mentioned, the supernatants obtained in step 4 

used III h'i 


of the pieeedmg expeiimeiit weie kept foi fuithei studi’^ Tlici aic 
else but the absoibed “supernatant fiactions” of the Rh con 

peiiment II It was of iiiteiest to find out in what way the Rh agg u 
tent of these seia was affected by tieatment ivith Rh-positive ce s 

Expeiinient III shows the mfluence of absoiptioii upon t ® ^(j^iion 
content of the “supernatant fiaction” of the two anti-Rh seia 
yeie set up in tiio paits as follows ^ 

Decreasing amounts of the “supernatant fractions” of sera 
spectweh, volume 0 05 ec, m Part I, before absorption, and m Part Oru j 

were mis.ed each with 0 05 c c of u 2 per cent suspension of heteroz>gou3 ' miBuU 
O cells The tubes were sh ikeii thoroughU and allowed to stand for igglulG-in ^ 

room temperature Tliej then were centrifuged and read macroscopica \ 


as recorded m Table III As a diluent for all the dilutions 
diluted, normal, adult, human serum of Group O was used 


and the test cell u-pr 
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Table in Agglutinatiov of Eu Positive Cells dy the ‘ Sdfcrn vtant ft ^ctiovs” of 
Serum (Ece) wd Seruji (Fis) Befofe A^D Vetef \.b&orptio\ 


fall CliVVTVST FlUCTIOV 

1 1 VPT I 

1 UEtOIlE VUSOItlTlON ' 

1 i VRT II 

1 \FTER tUSOi PTION 

V 

SEKDVt (rce) 

Q 1 

SUlUit (us) I 

C 

SCRUM (RLE) 

1 ^ 

1 SErUM (FIS) 

1 

Undiluted 

- 

+ + + + 

- 

+ 

- 

1 2 

- 

+ + + + 

- 

i 

3 

1 4 

+ 

+ +++ 

+ 

± 

4. 1 8 

+ 

+ 4-t- 

+ + 

- 

5 

1 lb 

+ + 

+ + 

-1- + + + 

- 

0 

1 32 

+ + 

+ 

+ + + + 

- 

7 

1 04 

+ + + 


+ + + + 

- 

8 

1 12S 

+ + + 

_ 

+ + + + 

- 

9 

1 2o6 

+ + + 

_ 

+ + + + 

- 

10 

1 j12 

+ + 

_ 

+ + + -*- 

- 

11 

1 1,024 

+ + 

_ 

+ + + 

- 

P 

0 

- 

- 

- 

- 


\U dilutions made ulth undiluted normal adult hum n lunt of Group O 


The corapaiisoii of tlic sux)einatant fiattions oi stium (Ree) and seium 
(Pis) lospcetuth levealb an luteicstiUo contrast Ticatment of the super 
Bafant fraction” of scrum (Rce) rritU Rhposituc (ills lias resulted in a sur 
prism, increase ni the degico of ag,Iiitination obtniicd lather than in a de 
crease as would bo e\pceted On the other hand treatment of the supernatant 
fraction ’of serum (Pis) earned out under identical conditions has resulted m 
a considetable loss of the Rli antibodr content Vpimiciitlj a blocluiig type of 
Hhantibod) has been ahsoihed fiom the supernat mt tncfion of serum (Ree) 
allowing the incomplete (albumin) trpe of Rli niitibodt also present to act 
oa the Rh positive test colls to a greater degree than before absorption This 
paradoMcal phenomenon seems to be cvplaiued licst b\ the assumption of dif 
fcrciiccs m the aviditj of the various tj pcs of Rh mitibodios for Rh positive cells 
Tint absorption of the supernatant fiaction of serum (Ree) with Rb 
positive cells indeed increases rather than decreases its agglutinating potency 
under ceitain ciuaiititative conditions is shown in the following Expenmeiit IV 


I Method of Ahsorptxon of Supernatant Fraction of Serum (Pee)* — 

1 10 cc of the undiluted ‘^supernatant fraction ’ of erum (Ree) was added to 
10 cc of thrice washed pached heterozygous Rh (CDeAe) Group O cells, 
mixed and kept for tlurtv nimutca m tlio refrigerator at 4 C 

2 Follouing centrifugation for ten minutes at 4 oOO reiolutions per minute tlie 
supernatant fluid nos aspirated saied and labelled Ab orbed Fluid "No 1 
An aliquot was rcruo\ed for tcstin,, purposes 

o The remaining Absorbed Fluid No 1 was reabsorbed \ni\\ an equal volume 
of washed packed cells kept at 4 C and centrifuged tlic upernatant was 
aspirated and labelled absorbed Fluid No 2 


II Quantitative Testing of the Absorbed Supernatant Fraction of Serum (Bee) Do 
mg amounts of (\) the supernatant fraction of serum (Rce) before absorption 
after the first absorption ( Absorbed Fluid \o 1 ) (C) after the ccond absorption 

( \hsorbed Fluid No 2 ') volume 0 Oo c c were mixed with 0 Oo c c of a 2 per cent suspen 
of heterozygous Rli (CDe/cc) Group O cells Undiluted human ^erum was used as a 


nfikni *bl3 experiment tlio Ivophllized supernatant 
undiluted normal adult human serum of Group 


‘Elution 


fraction of scrum (Rce) nas dls 
V Instead of In 0 9 per cent saline 
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diluent tlnougliout the ei-peiiment After standing for forty fi\e minutes it room tempiratuit 
the tubes neie centrifuged at 1,500 revolutions per minute for two minutes The re ultin" 
igglutiiiation us read macroscopically is recoided in Table IV 


Tvble IV Aggiutinatiov of Eh Positive Cells by ihe “Supeknvtvnt Ptacrios’’ m 
Serum (Bee) \nd the Absorbed Fluids Prepared Fiom This Fpvction 
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Table V AraLUTivmoN b\ VntiD (Rii ) \np IntiC (Kn ) ser\ ot I?ii Positive Cells 
T rs-VTED With tiil “Supervvtvnt Fraction or '^Ei^ \r (Ree) 


1 

SUPERS VTVNT 1 
FILVCTIOSS 1 

1 VVTI U 

I \1 T I j 

(Kn ) SEittM , 

[ 1 \rT II 

I ASTI C (Rh ) SEPLM 

1 V 

' SPIIUM (ULL) 

1 “ 1 

1 \oi \r\i SEE 1 vf j 

1 V 

; SEEH M (lEb) 

1 ° 

1 SOitMVL sn L3I 

1 UncJiIutcd 

- 

+ + + + 

+ + + + 

4 + + + 

1 10 

- 

+ + + + 

+ + 4 + 

+ 4 + 4 

3 1 100 


+ + + + 

44 + 4 

4444 


VII dilution:} made nitli undiluted noinial adult human eruin of Group O 


A sinulai of cxpeunitut earned out with RIij (cDC/e) cells using 
an anti E (Rli'') seium proved tint ngglutiiniion of Rli cells bv an Tiiti E 
antibodv was not inlubitcd b> the snpeinatant fi h tion ofsciiim (Ree) The 
blocking effect of the supcinatant fjaetion ot scuim (Ree) thoiefoie cone 
sponds to the speeifieitj of an anti D (Rh ) intibodv These losiilts paiallel 
tbe findings obtained b) Ilitteislev and Fawcett* in tlieii stiidv of the prozone 
phenomena shown bv scveial anti Rh scin 

niscussiov 

The expeinnents clesciibed in this papei wcie dt signed to cinahre the nature 
of the piozoiio phenomenon of the ‘ sujioinatant fiat lion obtained bv dial) sis 
from a certain anti Rh seuim (Ree) The question piescntcd itself as to 
'vlicthei this prozoiic was caused In a suiplu*? of Rh antibodies or was duo 
to the pioseuee of a now and diffeient t\pe of Rh -intibodv which inhibited 
ratbei than produced agglutination RIi positive cells aftei beiii„ exposed to the 
supernatant fiaction' of scium (Ree) in eoncentntions winch gave the pio 
zone effect should have become agglutinated lollowing removal of an excess 
of Rh antibodies b) multiple washings Rh positive cells ticated m this mannei 
hovvevei, did not onl) fail to become agglutinated when lesuspencled in saline 
solution or undiluted iioinnl adult, human serum but also could not bo chimped 
OH) moie b) the addition of Rh antisera containing Rh antibodies of eithei the 
complete (saline) oi the iiicomidete (albumin) varieties It is difficult to 
^ivoid the conclusion that the piozoiic pheiioiucnon undei discussion must bo 
caused b\ an Rh antibod) of blocking cliaiaetei lathei tiian b) the presence 
of a smplus of Rh antibodies of the two I nown vaiittics (complete and mcom 
plete) 

Piuthermoie inaMinum ag^^lutimtion of Rh positive cells {4 plus agglu 
tiiiation) should have occiuicd upon seinl dilution of the supeniataiit frac 
tion" of seium (Ree) piovidcd the piozoiic phenomenon was due onh to an e\ 
cess of Rh antibodies and not to the piescnec of i paitieular blocking antibod) 
Tills fiaetion howevei, never produced agglutination of the 4 plus stieiigth 
'et 4 plus agglutination occuiied following its absoijitioii with Rh positive cells 
Tbe lieu tv pc of Rh antibod) lieiein desciibed must lliticfoie possess a 
greatei aviUit) foi the Rli antigen of the led blood cell than the incomplete 
(albumin) Rh antibod) This lattei antibod) in tuin as evidenced b) the e\ 
periments of Coombs and Race* and Levine and AValler*^ has a greatei avidity 
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foi the Eh antigen than tlie complete (saline) Eh antibody In othei Mords, 
theie IS d difleicnee in tlie speed ot combination between the vaiious tjpes 
of Eh antibodies and the Eh antigen 

In addition to difteiences in the speed of luiioii betw'een Eh antigen and 
the difteient Eh antibodies, theie seems also to be a difteience m the stiength 
of the Eh antigen-antibody combinations jMnltiple w'ashmgs with saline solu 
tioii leiiioied the incomplete (albumin) \aiiet} ol Eh antibody fiomEliposi 
ti\e cells in contiast to the new type ot Eh antiboth which leniaiiied attached 
to the cells, appaieiith not being influenced b\ the multiple w ashuig piocedure 


CONCLUSIONS 


1 The piozone phenomenon obsciied in the siipeiiiataut tiactiou” ob- 
tained In diahsis iiom ,in anti-Eh scium (Eec) was touiid to be due to a 
new (thud) t\pe of Eh antibody lathei than to a siiiplus of Eh antibodies of 
knowm \aiieties 

2 This now tjpe ot Eh antibod\ when niL\ed with Rh positive cells prc 
vented then agglutination upon the subsequent addition ot Eh aiitiseia contain 
ing Eh agglutinins ot both the complete (s<ilinc) and the incomplete (albumin) 
vaiiet> 

3 In contiast, the supeinatant liactions” obtained by dialvsis from seia 
eoiitaimng the incomplete (albumin) vaiiety ot Eh antibodies, as well as from 
noimal seia, tailed to levcal any iidiibitoiv effect on the 

positive colls 

4 The thud tjpo ot Eh antibody could not be lemoved fioni Eh positive 
cells bv multiple washings with saline solution, in contiast to the incompee 
(albumin') tv pe of Eh antibodv winch can be eluted bv a senes of washings 

5 Absoiption ot the “supeinatant liaclion” of seium (Eee) with equ^ 

volumes ol Rh-iiositive cells iiici eased lathci than deci cased the agglutum^mo 
piopeities ol this fiaction In contiast, the agglutinin titei of a ‘ 
fiaction” contaiiinig onlv the incomplete (albumin) tvpe of Eh auti ocv 
leduced maleiiallv hv this tieatmciit , , ^ 

6 The thud Eh antibodv dcsciibed was iouiid to have anti D ( 
cificity 
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STUDIES ON Rh antibodies 

\ Zone Phenomenon in in En Antinerum Split by 
Di\i\sis Into Poir Frictions 


Juits P IIOIIN M D VNO LknIST M ITEBSkY 31 D 
Bufi m o N 3 

Thu ‘"O papcis' = dealt witli the anti 

foUoi m t p i r 

iilB foimed “‘e amount of inecpitate 

of cbm u "'“CI used the number 

L fI Ik distilled uatei made dm , hr earl, dmhs.s penod and other fac 

emhtPPn k icu'O'nl of Hie (list pienintate nluch foianed after 

Aa,™,n r ! Pioo'liilation oceuned follonm^ continued dialjsis 

correMiniui foimed dming tarioiis slaves of dnihsis Mould also 

uac ^ ^ uiffeient olol)ulin fiattions of tiK scium tlicii antibody content 

Hied eonstilutcd a tmtliei dnision oi the original 
fraepn fiactions (tiucc globulin fiactions and one aupeinatant 
snhtt ° r *' oontiast to the pietiotis dialtsis teehnniue wliieh allotted the 
tlip ' ^•''‘‘tions onh (the globulin fi action” and 

supernatant fraction”) This moio lefined method ot dialtsis of antt Eh 
^ re\caled lesults 'ttliioh aic the subject ol this itport 


TECriMQlF 


peifomiPil experiments reported m tins mid m the preuous communications nere 

Qflicient i dnljsis membrane nhich una prepared b> cutting a 

“1 diametPr^^ A u tubing using -T/S^ mcli oasm^ of a size approxmntelj 43 mm 

several tin tubiug by folding one end upon it elf 

‘distilled securing it tightlA with twine The tubing was opene 1 )>> moistening it with 

ofthebaJ^ distilled water testing for leakage b\ placing the contents 

"liicli Tina ^ tension is po sible TIil resiiectne serum apeciiutn to be examined 

hinnel lOO^ frozen at -30 C wns tlmwcil at room temperature U in^ a mall glass 
of the ni 1 fcerum were poured into the iiscose tubing bag TIic air was forced out 

Iwjstecl "itkout appreciable loss of the serum and the open end of the bag was 

"ith tu ^ order to put the scrum under tension Tins end then wns ecured firmlj 
stopper Tr weighting tlie bottom end of the diabzing big with a one hole rubber 

from a^p/^ °^fside was rinsed thoroughly with distilled water The bag then was suspended 
oooled to^ 4 ^V ^ holding 12 000 cc of freshlj distilled water pre 

'ras alio i in the refrigerator for at least four liours prior to dialysis Dialjsis 

^fter th'^ continue in tins first batterj jar in the refrigerator at 4 C for six liours 
__ period tile dial\ 2 ing bag was transferred to a econd batterj jar also containing 


Bacterloloo and Immunolopj Universltj of Buffalo School of 
n«„ri , Laboratories of The Buffalo General Ho pltal oi.aooi or 

hod for publication Sept t 194S 


The puoiication bept i 1948 

yoking Corior?t1L^”pm?«^°"®Tn^ cellule e and Is made conmicrcIan> by the 

wisher Scientific CnmnrlilN ^w/'.' Is obtainable froni laboratory <iuppl> houses such as the 
me Loniponj Pittsburgh Pa or the IVIll Corporation Rochester N 1 
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12,000 c e of freslilj distilled iiatei pitcooled to 4° C, ind dialysis was permitted to continue 
in the ietri,jer itoi for tweUe hours Ihc tot il timt period allotted for tins first plia«e of 
dialasis was eighteen hours 

The bag tiien w as in\ erted sc\ ei il tunes, resuspendmg completelj the precipitate ivliicli 
had settled to the bottom, and the exterior of the membrane was rinsed with distilled water 
The bottom of the bag w is opened by seveniig the string ind tlio contents were eniptieil 
into a large glass beaker 

Approximately half of the dmhsite w is triiisUired to a pilastic centrifuge tube of 
SO c c capacitv and centrifuged in an ingle centiifuge it 5,000 reaolutions per minute for 
thirty minutes The supern itant w is dec iiitcd off and sued The remaining half of the 
dialysate w is added to the s ime centritugc tube tout lining the tcdiiiient obtained in the 
previous run and spun down, thus collectuig all of the precipit ite in the one centnfuge tube 
The superiiat lilts weii, combined is “ supernat int friction” ind sued for further dnh«i 
The tube containing the pinked sediment was nncitcd on coirso filter paper and allowed 
to drain foi thirty minutes it room temperiituic 

The prciipitito rcioiered fiom the 100 i c of scium was dissoUeil m 10 cc of 09 per 
cent saline solution which was iddcd m divided amounts After each portion of ■■ahne sola 
tion w IS iddcd, the pirecipit itc was sfirrc I vigoroush with a glass stining rod Final lolu 
tion occiiried reuliU it room tempci iturc within fifteen to thirty minutes The globulm 
solution was traiistcricd to a double thn kiicss, P\ lex, conic il centrifuge tube uul spun down m 
in angle ceiitufugc foi liftccii minutes it 1,500 revolutions pci minute Onh i diglit amount 
of insoluble maten il iciimined and this w is discirdcd The clc ir solution was Ijopliilized in 
lee imounts iiid stoicd it room tcmpicrituie This m iten il is refcired to as "globuio 
fi ictioii No 1 ’ which represents i ten times concciitr ition is compared witli the native 

seiuni 


The ‘‘supernatant friction” obt lined fiom this fust piliise of dnhsis was again eu 
jected to eighteen houis of dialysis ex ictly is dcsciibcd lor the first pcuod The precipi 
which fornud w is eollcctcd in tin snim. manner is stated for ‘‘globulin fraction M 
Inasmuch is it was slightly less m amount thin the first precipit ite, it was dissohei m oni 
5 cc of 0 9 pei cent siliuo solution The resulting solution w is labelled ‘‘globulin me 
No 2,” constituting a twenty tunes concentration as compared with the nitive 'cruni 
The ‘‘supernatant fraction” recovered following the second stige of dialvsn 
dialyzed i thud time ovei a period of cightccu houis is alieidy described lu 
small amount of piecipitate obtained w is dissolved in 2 cc of physiologic ^3 

This was labelled ‘‘globulin fraction No 3” and nmouuts to a fifty times concen ra 
compared with the native serum jU j,. 

The linil supernatant fluid recovered from the third dialvsis w is 
amounts and is leferred to as the ‘ ‘ supiornat int fiaetion ” AVhen employed tor e i 
puiposes the dried ‘‘globulin fiiictions” were dissolved in distilled witer am 
‘ ‘ supern itant traction ’ in 0 9 pier cent saline solution in order to in untain I'O onic 
fi actions 


EXPEKIMENIAL 

The Rh aiitibodv content o± tlie foui ti actions deiived fioiii ^^,^3 

was deteimined by means ot quantitative titiations m an expeiiinen '' 
earned out in two paits In Fait I, all dilutions weie made m 
saline solution, while in Pait II, undiluted, noimal, adult, human se 
used as a diluent The expeiiment itself was peifoimed as follows 

T 1 ” (C) 

Deci easing amounts of ( v) nitive serum, (u) ‘‘globulin fraction J-o 0 Oa c-c 

fiactioiiNo 2,” (D) ‘‘globulin fraction No 3,” (E) ‘‘supeinitant ^^pE/c) t-ronp 0 

each were mixed with 0 05 c c of i 2 pei cent suspension of wished ® gg^trifug®! 
cells The tubes were shaken well, kept for one hour at room temperature a j 

two minutes at 1,500 revolutions pei minute The resulting agglutination is 
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“Globulin fiactioii No 1 ” contains a potent complete (saline) Rli agglu 
tinm “Globulin lidctioiis No 2 and No 3“ as well as the “supernatant 
fi action” aie devoid ot any complete (saline) Eh antibodies It should be 
kept in mind that the “globulin ii.ictions ’ compaied uitli the native seiuni 
aie 10 , 20 , and 50 times toneentiatcd lespectively When 'undiluted, human 
seiuni IS used as a diluent, the native set uni leveals the piesence ot Hh agglu 
tinins, again exhibiting a dchiiite zone pbeiiomenon in the ntiddle of the series 
ot dilutions “Globulin fiaetioiis No 2 and No 3” contain Eh antibodies of 
the incomplete (albuniin) vaiietv, detieasing in stiength in a stiaight line 
upon dilution, indicating that it is possible to sepaiate the complete and the 
incomplete Eh antibodies bv diahsis Obvioush, theietoie, piolonged diabsis 
ot the seium has lesulted hiialh in tlic piecipitatioii of ‘ glolnihn fiactions 
containing the incoiiiplete (albumui) Eh antibodies also 

This expciiment might well be compared with the Expeinnent I desciibe 
in the fust paper ot this senes ' The single eighteeii-lioui diahsis did not biui. 
about the piecipitatioii ot the incomplete (albumin) Eh agg utinnis w “ 
mained in solution Nevertheless, even attei thiee eighteen 
peiiods, a certain amount ot incoiniiletc (albumin) Eh an i o ® ^ 

in the “ super nataiit traction” which exhibits a strong piozoiie p 

The question arose whet her the “ super nataiit anti 

a.ans.s ol s,u.m (te) io. tinoc da,, would "i 

body described in the preceding communication - In order to V 
the following experiment was carried out 

I Method of SeiisiU:atioii of Hh PomUic Celh — , i fcDE/e) Gw“P 

1 0 5 c c of a 10 per cent suspension of three tunes washed Rh. (CD 

0 cells was lulded to font rows of si\ tubes each ^ 

2 lucreasiug dilutions (1) undiluted, (2) 1 3, (3) , per tube 

(6) 1 243 of the following mntenals were added in a volume 

as follow s 

Row ( V) N itne (untreated) beruiii (Bee) 

Row (B) “Supeinitint fi letioii” of seium (Ree) 

Row (C) Norniul idult serum 

Row (II) “ Superimt lilt frietion” of i noimal refrige^a^" 

3 After shaking the tubes thej were kept for tlur v m 

It -1° C revolutions per mu'"*'' 

4 The tubes were centrifuged foi leu inuiutes at , 

the supernatants were aspirited and discarded cashed tlioroug'C 

5 The sediments, consisting of p icked red bloo ce (.yjie 

three tunes, using 5 c e of ice cold 0 9 per cent sa me removed h) j 

G rollovvmg the third washing, all of the saline so u added to each tube a 

7 0 5 c c of undiluted, normal, adult, human serum 

the cells were resuspended completely m the serum ^ 

II Method of Testing the Sensitized Sh Positive Cells foi suspens''’''® 

To 0 05 c c of the cmi^ m 

iniple'® 


Sera — The experiment was set up in triplicate To 0 05 cc o 
of the tubes of rows (a) to (d), pipetted into a new senes o ^ ^ 


co: . 

or Llie luuca UJ. luna lu — „ TUi n<r<rlutmins 01 jj|j 

Part I, 0 05 cc of undiluted anti D (Rlk) serum containing oo 
(saline) variety, in Part II, 0 05 cc of undiluted ^ 


0 05 cc of 


(saline) variety, in ir-art ci, ii uo cc uj. u uo w 

agglutmins of the incomplete (albumin) varietj , and in ,tp, at room tempos® 
n^ial, adult, human serum After standing for f oi ty dye niinutes^ re.uU 

tubes were centrifuged for two minutes at 1,500 revouion 
agglutinations are seen in Table II 
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As can be seen iiom Expeiiment II, blocking antibodies aie piesent in tlie 
‘ bupeinatant tiaction” of seinm (Ree) The mhibitoiy effect of the “super 
natant fiaetion” manitests itselt against both the complete (IB) and the in 
complete (IIB) vaiieties of anti-D (Rho) antibodies, though stionger against 
the complete (saline) Rh agglutinins The native seium (Ree), too, inhibits 
the complete (saline) anti-Rh agglutinins (lA) Stiangely enough, ho\ieiei,it 
fails to inhibit the agglutination oi Rh-positi\e cells hi the incomplete (albumin) 
^allet^ of anti-Rh agglutinins (IIA) The failuie ot Rhpositne cells pie 
vioush sensitized by the iiatue seium (Ree) to be agglutinated when taken 
up in undiluted, iioimal, adult, human seium (IIIA)- coiifiims the obsenatioin 
made in the pieceding papei^ that the incomplete (albumin) vaiietj o Kli 
aiitibod’y can be lemoicd iiom sensitized tells, to a great extent at least, y 


multiple washings 

An attempt now was made to demonstiate in the native seium piopei 
piesence ot blocking antibodies against the incomplete (albumin) Rh an ^ 
bod\ by subjecting Rh-positive cells sensitized by the nati\e 
thoiough washing pioeeduie than that used in the piecedmg exi 
this end the following expenment was earned out 


I Method of ScnsiU:atton of Rh I’ositiic Cilh— ,,etero«<^u> Bh, 

1 0 1 c c of a 10 yci cent suspension ot three tmies \\a tubes^ach. 

(cDE/c) Gioup 0 cells was 'idded to eight rows cousi g ^ ^ gj 

2 lucre ising dilutionii (1) undilutul, (2) 1 f } ' / nn'i 1 19,bS3 of tlie 

(0, 1 (7) 1 720, <S) 1 2,1S7, (0) ("i,... 

following nuiteriila were added in. a lolunic of P 

Row (1) N itue (untie ited) scrum (Ree) 

Row (B) “Supernitint fraction” of ‘■tinm (Ree; 

Row (C) Normal, adidt serum 

Row (D) “Supeiiiitint fraction” of a norm il. 

The e'speriinent was set up in duplicate f a’ C 

3 The tubes were shaken iiid kept for tliirtj minutes a per mimte 

■i Alter centrifuging the tubes for ten minutes a o, 

the supernatants were aspirated ind discarded tUorouglih 

5 The sediments, consisting of packed red ^ f per tube 

four times using 2 c c of ice cold 0 9 per cent sa me j,g„ioTeil comph*®’' ^ 

6 After the fourth washing ill of the saline sou ion 

aspiration milled to euch tube anil t 

7 0 1 c c of undiluted, normal, adult, hum in serum w is 
cells weie lesuspcnded in the serum 

II Method of TeMmo the Sen.dized d 

Seia— In Part I, 0 I c c of 1 3 diluted anti D (RhJ ^ part II, <>1 

the mcomplete (albumin) variety was added to each o le > ipbe tu es 

undiluted, normal, adult, human serum was added nentrifuged fo^ '!"°'*T’aUe 

aUowed to stand at room temperature for one hour an we j]^ ,g reiorde m 

3,000 revolutions per minute The agglutination as rea mac 
in ^ pprt I 

•XVeak agglutination obtained in the completely remo^ei^^ tH !" 

plained bj the presence of traces ot RJl o tubL of Row ('kb anti 

indicated b> an identical leactlon in the hist two ^ place of 

undiluted normal adult, human seium was used as a con 
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TiBLE III \CGLDTIN ^TIOV D\ \N VNTI Rll SERLM Of TlIC ISCOMPLETL \ \RIETY OF IlllPOSITISE 

Group 0 Cells PnE\ioDSLY Trilvteu ^\IT^ Native Seroii (Ree) \nd Its ‘ Sdpefnatant 

Fr \criov 


1 

ANTiRll SERUM 


p\rT 1 

WTi I) (Rir ) senuM- 

INCOMPLEIE \ \KIET\ 

- 


1 NDILLTEU 

P\RT II 

NOPMM ADULT SERUM 
(CONTROL) 



U 


1 

D i 

A 

U 


C D 


SEPUII bUPEIlN VrWT ; 

fatl LM SLILI NVTVNTI 

SEPUM SI PERN VT VNT | 

bETLM SUPERNATANT 











SERUM 


(lltE) 


[ NORM \L 1 


(iIe) 


NORM \L 

1 Undilute<l 


- 


4-4-4- 

4-4-4- 

4 

- 


- 

1 3 

± 

- 


4-4-4- 

4-4-4- 

+ 

- 


- 

3 19 

- 

— 


•f4--f 

4-4-4- 

- 

- 


- 

4 1 *>, 

- 

± 


4-4--V- 

-4 4-4- 

- 

- 


- 

5 1 81 

— 

4- 


-4 4--f 

-4-4-4 

- 

- 


- 

6 1 HZ 

± 

4-4- 


-4 4-4- 

-4-4-4 

- 

- 


- 

7 1 7‘>0 

4- 

4-4-4- 


4-4-4- 

44-4 

- 

- 


- - 

8 IMS, 

+ + + 

4- 4- 4- 


4- -4 + 

444 

- 

- 


- 

9 1 OoCl 

+ 4- + 

4-4-4- 


-4-4 4- 

444 

- 

- 


- — 

M 1 19(583 

4-4- + 

4-4-4- 


•4 4- 4- 

444 

- 

- 


- 


Vll dilutions made a\ Ith undiluted normal adult humtn eium of Group O 


Expel imeut III slio\\s tliat bloclnn" antibodic-* acTinst the incomplete 
(albumin) Rh antibody can be demonstiatcd e\t.ii in the natne seium (Ree) 
Their demonstration is made possible onlj b\ thoroughh washing the sensitized 
Rhpositi\c cells a proccduie whicb appalentl^ is noccssaiN to ieiuo\e Rh anti 
bodies other than the blocking \aiieU which lemains attached to the cells in 
spite of tlie washing 

Coombs llourant, and Race* ® ha\c desciibcd an important teehniciue which 
permits the detection of sensitization of Rh posituc cells bj Rh antibodies Rh 
positive cells sensitized bj Rh antibodies without showing visible agglutination 
‘ire washed se\eial times and then agglutinated bv the addition of an antilmraan 
Serum rabbit serum It was of inteicst to find out winch position the Coombs 
lost would assume in the detection of Rh antibodies as found in the \aiious 
fractious of the Rli antiseruni (Ree) The following e\peiiment was cairied 
out to elucidate this piohlem 

I. Method of of 7lh Positive Cells — 

1 01 cc of a 10 per cent suspension of washed Iieterozjgous Rh (CDe/ce) ceUa 
belonging to blood Group 0 was added to each of tweUc tubes in six rows 

2 Increasing dilutions (1) undiluted (2) 1 3 (3) 1 9 (1) 1 27 (o) 1 81, 
(6) 1 243 (7) 1 729, (8) 3 2137, (9) 1 0 5C1 (10) 1 19 6S3, (11) 1 59 049, 
and (12) 1 177 147 of the following materials were added in a %olumo of 0 1 c c 
per tube as follows 

Row (a) Native (untreated) neruni (Ree) 

Row (B) ‘ Globulin fraction No 3 * of serum (Rco) 

Row (c) ‘ Supernatant fraction of serum (Rco) 

The‘ie titrations were performed in duplicate 

3 The tubes were sliakca aai kept for tlurt, minutes m tlic refrigerator at 4 C 

4 i-ollon.ng centrifugation for fifteen nimutos ,t 3 000 revolutions per minute 
the supernatants nero nspirated from tlie tubes and discarded 

5 The pocked red blood ccUs in each tube nere wa lied three times using 2 cc of 
ice cold 0 9 per cent salino solution per tube 
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6 Aftci the tliird washing ill of the sihne solutiou wus removed os completelj as 
pobsibk b) ispiuitioii 

7 111 P irt I, 0 1 c c ot 0 1) pel tent t> iliiio solution \i is uldcd to each of the tube., 
ululc 111 Put II, 0 I te of uuililiittd, norniil, adult, liuniau serum uas added 
to cilIi of the tubes ind the cello were resuspendel in the lespectue dilumts 

II ^[ethod of Tailing the SuiMtiscd IJi PoMliie Celh foi Igglutmation With Antihunm 
Seiuin Eahiit Semin — In P irt I, 0 1 c c of 1 JO diluted ontihuiu in scrum rabbit serum was 
added to each of the tube--, uid in P irt Ef, an addition il 0 1 c c of the same undiluted, 
norm il, adult, human serum used foi resuspending the colls was idded to each of the tubes 
(control) The tubes wcie illowcd to st lud it room temper ituic for one hour and then wen 
centrifuged for two minutes it 1,300 rciolutions pci iiiiiiutc The lesultmg agglutinatioiL 
aic seen in Table IP 


Tvuit IV CooMiis Ttsr 


Agglutimtiov ii\ AMinuMW SruuM Rumn Sulm or Rii Positui, Cflls SE^SITIZED Wnn 
Nvaivt btruM (rtx) wd T.\o or Its ruvcaiONs RtsitcrivEm 


INTISLRV 

r\i a I 

^.^TIUL^fV^ SHwUit I \BUIT SJRLM 

UNDILUTED, 

P IPT II 

NOI M VL, \DLLT SEECM 

(contpol) 

VNTI Eli 

V 

^ VTI\ E 

B 

GtOBULIN 

FILVCriON 

C 

SUPUtV V 
TVS! 

V 

\ATI\E 

GLOBUUV 

ir.ACTION 

C 

SIPEPM 

tint 

SErUM (CEE) 

SERUM 

xo J 

Il \cnoN 

SEBUM 

NO 3 1 

FpaciiON 

I Umhlutid 

+ T + + 

+ + 

++++ 

- 

“ 

- 

2 II 

+ )- + + 

■f + + + 

++++ 

- 

— 


3 19 

+ + + + 

+ + + + 

++++ 

- 

“ 


1 I 27 

+ ++ + 

+ + + + 

T+ 1 + 

- 



0 1 SI 

+ + + + 

+ + + H 

+ + "T 

- 

“ 


0 I 24, 

+ + + + 

)■ + + + 

+ + 

- 

— 


7 I 72') 

+ + + -h 

+ + + + 

+ 

- 



S 1 2 1S7 

+ + + + 

-(- + + + 

- 

- 



1 3 (1 301 

+ + + 

+ + + 4- 

- 

- 



10 1 30,0s', 

+ + + 

+ + + + 

- 

- 



11 3 50 040 

+ + 

+ + 

- 

- 



12 1 377 347 

+ 

+ + 

- 

- 

— — 

— — 


The exceeding sensituity ot the Coonihb test it. evident iiom tlus 
ment It allous the detection ol tlie bensiti/ation ot Eli-positue^cel J 
native seiiini (Ree) up to the final dilution used (up to 1 17^,00 
“siipeinatant fiaction’ ot the seium (Ree) contanimg Wocinng K i 
gives a positive Coombs test up to a dilution of 1 729, loughh coiiespoii 
its content ot blocking Rh antibody (see Ex])Ciiment HI) The 
Coombs test obtained with “globulin iiaction No 3” is suipiismg ‘ ^aiid' 
ulm fiaction ’ contained Rli antibodies of the incomplete (a eiiuii 
demonstiablc np to dilutions not Iiigliei than 1 256 (see Expeimieu 
the Coombs test is still defimtelv positive with the highest dilution us 
expeiniient (1 177 000) This finding is even moie surpiismg ^ an 

the lesults of Pait II ot tins expeiiment Rh-iiositne test ce adult 
e\ac% identical iiaj’- as m Pait I vieie lesuspended ni undi nico® 

without showing ani tiace of agglutination, pointing to the ac 
plete (albumin) Rh antibodies oiiginallv piesent ueie was e nientw'^^ 

lendeied ineffective by the washing pioeediuc It shoul “ ° 3 >> was 

that in cxpeiiments not lepoited in this papei, ‘ globulin lac i 
found to he devoid completely of Rh blocking antibodies 
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DI‘'C I -SlO\ 

Diahsis has been used duuiu the last thioe )tais ui this Iabaiitoi> as 
a means of splitting anti Rh seia into two tiactious mmch the picupitatc 
rcfericd to us tlic globulin li ittion and the supcinatant fi action which 
\ns obtained following iLino\ d of the pKupititc b\, cciitiifiigation As pie 
uousl} leportul ^ the pitcijntite fiequentJ\ tontiiiud the com}>lete (sahne) 
Rh autibodi while the imompUte (albumitn Rh antiliodv was found in the 
supernatant In this minnti <citam inti Rh stii which weic useless as test 
sera could be made into jioKnt ua-,cnts toi Rh <ht< imiiiations using the glob 
uhn fraction ” This tiaction < in be (ommti il(ri ( jsi]\ depending ipion the 
loiume of sdinc solution in wJmh it is <hss«»h<d Tin method also pro\ed 
lint Rh antibodus of difteient \aiieliis ini^ht Ik s()>uated tiom c ich othei 
because thc^ ippaienth aie assoonted witli <hlhunt pioitin tiactions of seiiun 
In tins papci a nioic (juantif iti\e UHlhml wh usmI Dialasis was con 
tmued OM.I i peiiod ot tluce di\s dmin^ whidi turn fiiccipit itcs foimcd 
dter each eighteen houi pciiod wtu colledtd ind ixammcd foi 

their Rh antibody content Piolon^fd dialisis hii ilh hd to the piccipitation 
of a good poition of tlie ini oniph le ( dbuinuU vm<f\ ol RIi aiitiboch How 
c-'ci the icmiinmo supennt int Hind still coutiiiKd ui Rli antibodj with 
Upical blocking qualities It siuns doubttu) wbdbfi tnithei diab&is would 
ha\c aosuUtd ilso lu piccipitation ol tins tape of Rh iutibod^ It sliould be 
iuteic&tni„ to find out liow the nutliod ot U uiiointed aiiohol piccipitation, as 
earned out 1>> Cohn and issoditcs conipaus witii tin. lehtnch simple pi oce 
thirc o£ diahsis used in tlie iiu estimations itpoiud It seems unlikelj tint 
'lialjsis in the cold denatuics jnotdiis at d) whnii niimht this method a 
certain advantage ovei otlieis 

IhiTuences m aviditv aiuoiim the \ inoiis tvpis ot Rh antihodus manifest 
themselves upon washing sensitized Rh po'>itnc (ells The incomplete (albumin) 
'arielv of Rh antibod} can be lafhci casih w ishcd off with tliicc oi foui thoi 
washings as pioved bj the fact that Rh {losittvc cells picviously sensitized 
^'ith this tvpe of Rh antibodj and then washed tailed to bo agglutinated when 
''Uspended m undiluted adult human seniin oi albumin solution lespectiveh 
It was not possible, howevei, to lemovc the blocKni^ tvi>eof RJi mtibodv picsent 
lu the ‘ supcinatant fiaction of serum (Ree) even bv a seiics of thoiough 
\\aslungs As a niattei of faet, the hlocking effect of the native scrum (Ree) 
became appaicnt onlj following washing piocediiies As one might speculate 
die blocking type of Rh antibodv tiles over ind icndiR combines with the 
'uitigens wlucli become available following the lemoval of the incomplete 
(alhuwvin) Rh antibodies 

The nime blocking antibodv nsed in tins papei denotes an Rh antibodv 
not onlv fids to agglutinate but even nUcifcios with the agglutination 
of Rh positive cells when tbev aic suspended ui an dbumm eoufaimn„ medium 
It bhonld be leoalled that Wicnci fnevioush culled the incompletL (albumin) 
'araelv of Rh antibody the ' blocking antibodv because it pieventcd ag^Iu 
d’lation of Rh positive cells b> the complete (salmc) vaiietv of Rh antibodj in 
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physiologic saline solution Iloyevei, this blocking effect of the incomplete 
(albumin) Rh antibody was e\ident oiilj when physiologic saline solution i\a,s 
used as a diluent, but not in undiluted seiuin oi in albumin solution Tlie 
blocking antibody desciibed in this papei inhibits agglutination of Rhpositne 
cells even in an albumni-containiiig medium and it tiuly blocks the incomplete 
(albumin) yaiietj of Eh antibodj as well as the complete (saline) vaiieti 
Theietoic, the e\istencc of thiee yaiietics of Kh antibodies can be as 
Slimed (1) the complete oi saline vaiiety, (2) the incomplete oi albumin 
\aiiety, and (3) the blocking \aiiet> of Eh antibody On the basis of their 
studies, Hill and Ilabeiman® * ahead} felt that theie weie thiee tjpesof Eh 
antibodies, nameh (1) the classical agglutinin, (2) the “blocking” antibod> (as 
deteimined by Wienei'), and (3) the “cijptagglutinoid” (as detei mined b\ the 
de\ eloping test® ” oi Coombs test*’ •') The e\pciinients lepoited in tins paper, 
moieovei, point to the likelihood that there is a fouith type of Rh antibodi 
toi the following reasons E\peiiment IV of this paper reveals the iich content 


of Coombs antibod\ in ‘globulin liaction No 3 ” This ‘globulin fiaction 
No 3’ also contained an incomplete (albumin) Rh antiboch with a titci of 256 


Ilow’ccei, lollowing multiple washings of Rh-positive cells sensitiyed with this 
‘globulin li action,” no agglutination was denionstiable when the washed, 
sensitucd cells w’eie susiiended in undiluted, noiinal, adult seium Appaienth 
washing had iomo\ed the ineoinplete (albumin) Rh aiitibodi Neveitiieless, the 
Coombs test eaiiied out w'lth washed Rh-positi\e cells sensitized with tlie glol) 
uliii fiaction No 3” showed the piesencc of an Rh antibody with a titei ot 


at least 177,000 This obscivation strongly suggests, tlieiefoie, that we am 

dealing with a t>pe ot Rh antibody which neithei agglutinates Rh positive ce s 
noi exhibits a blocking effect Still the possibilitj cannot be o\ ei looked entne \ 
that traces ot ineoinplete (albumin) Rh antibodies, by themselves nisu cieii 
in stiength to agglutinate the cells but sufficient to give a positue Coombs tes^, 
w'eie still present and attached to the Rh-positive cells iindei iiivestioa im 
Ilow'evei, the lattei e\planation is unlikch consideimg the difteiencein 
tween the incomplete (albumin) Rh antlbod^ on the one hand and tie oon 


antibody on the other 

There seems to be a lecipiocal iclationship between the capaciti 
\aiious types of Rh antibody to agglutinate Rh-positive cells and then 
to be lemoyed bv wmshing, that is to say, Rh antibodies which pio 
agglutination oi Rh-positiye cells can be lemoved moie casilj by 
ceduies than Rh antibodies that sensitize Rh-positive cells of 

visible agglutination Consideiable difteiences m the speed am s^m = 
the union betwmen the vaiious Rh antibodies and Rh antigen must e 

The so called umtaiian conception of antibodv tunctions laiio"'’ 

the majority of immunologists at the present time The w'c pie 

manifestations of antigen-antibody reactions such as hsjs, agg w plivsico- 
eipitation, and so on, aie explained by this concept on the asis 
chemical differences of the anitgen rather than of the anti antis'^" 

mainly upon the size of the antigen and the medium m w pioduce 

antibody reaction occui-s Theiefore, the same antibody tha ^ 
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precipitation in out instance could cause aoolutination oi I>sis ot cells undci 
different expeiimental conditions The uuestigTtions icpoited in this senes of 
communications aie dealing with antibody functions of identical specifieitj 
directed against one antigen onh namelj the D (oi Rho) antigen piesent m the 
same pli}sicocliemical state m led blood cells let, antibodies directed against 
this antigen lia\e been found to be associated with sepaiatt piotein fiactions 
of the antisemm and can be distinguished fiom each othei b^ then aviditj foi 
this Eh antigen and b} their leaetion with it undei \aiious expeiimental con 
ditions It seems difficult to see how the findings icpoited can confoim to the 
present Unitarian concept ot antigen antihod'v icactions which appeals to need 
some reMsion or amplification 

Two tlieoiies present themsehes in connection witli the dilfeiences in the 
aiitibod\ functions reported The fiist th(.or\ would postulate the e\istence of 
three or foui \aiieties of independent Eh antibodies which are sliarplj separated 
from each other both b^ the natiiie of their fumtions as well as In then asso 
ciation with diffeient piotein fiactions of the serum In contrast the second 
tlieon might lefuse to accept the exist* nee ot shaiph sepaiated antibody func 
lions and lather hold to the belief m a gradual change ot one antibod> function 
luto anothei, assuming the existence ot an Eh anli})od\ spectrum of changing 
acU\lt^ 

COXCLl SIGNS 

1 Piolonged dialjsis of an anti Eh seium (Roe) against measured amounts 
of distilled water foi tluce eighteen houi jicnods resulted in the precipitation 
of globulins which weie collected individunlh at tlie end ot each eighteen hour 
period Three fractions obtauicd m this wa> were lefened to as globulin 
fractions No 1, No 2 and No 3 rcspccti\ch The cleai supeinatant fluid le 
niaimng at the end of the thud peiiod of diahsis was called the supeinatant 
fraction ” 

2 Globulin fraction No 1 ie\ealcd the piesence of a complete (saline) 
3uti Rh agijlutiuin which ^vas not found in an> othei fraction 

3 Globulin fiactions No 2 and No 3 contained an Rh antibodj of the 
incomplete (albumin) \aiiet> 

■I The supernatant fi action ' still eontuiuiig Eli agglutinins of the 
incomplete (albumin) xaiiety, exhibited a stiong piozone phenomenon 

5 The prozone phenomenon of the supernatant fi action is attributed 
lo the piesenee of a peculiar Rh antibodj which inhibits agglutination of Eh 
positive cells by both the complete (saline) and tlie incomplete (albumin) 
'arietj of Rh antibodies It acts theiefoie, as a true blocking antibod> (third 
'ariet> of Rh antibodj ) 

6 The presence of this Eh blocking antibody also could be demonstrated 
^n the imtieated native anti Rh seium (Ree) bj subjecting Eh positive cells 
''Gnsitized with this serum to thorough washing proceduies which appaientlj 
resulted iii the lemoval of the incomplete (albumin) vaiietj of Eh antibody 

7 Eh positive cells sensitized wuth globulin fraction No 3 * failed to 
'iliow inaeroscopically visible agglutination after being washed thoioughly and 
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subpenclecl in undiluted, iioinidl, adult, human seium This fiaction contained 
only incomplete (albumin) Eli antibodies ot low titei and was deioid of Rli 
blocking antiiiodics Neicitlieless, cells sensitised with it weie stioiigh agglu 
tniated followniig the addition of antilmmaii seiiim labhit seium (Coombs test), 
suggesting the existence ot a touith vaiiet^ ot Eh antibody 

8 The occuiiencc in one anti-Eli seium of ceitainly tliiee and possibh 
foul saiieties of Eh antibodies of the same specificity, aiiti-D (Rho), but of dif 
teient iunctions is desciibed They pioduce at the exti ernes of the spectuini 
ot then activity eithei agglutination oi blocking of Eh-positne cells witb one 
laiiets standing in between wdiicli causes ncithei phenomenon, being demon 
stiable oiilj by means ot the Coombs test The possible significance of tlicse 
findings 111 lelation to the lalidity ot the piesent uintaiiaii concept ot antibodi 
functions is discussed 
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B oth organic and inoigamc gold compounds liave been used foi manv ijeai-s 
ni the tieatment of ilieuimtoid ailhiitis TIk \ dut oi tlas foim of titat 
ment IS subject to TioiiiiiLiit and fin il ijijuais d on tiu Ijisis ol theiipeutic tiial 
apparently is difficult oi impossible The use of gold compounds m iheuiintoid 
arthntis leinaiiis on an empiiic basis, and even with caiefulh eontiollcd ad 
ainiistration toxic leactions have been a limiting faitoi in then use In oidci 
to place tins fom of tieatment on a moic i Uional basis nifoimation legardnig 
the niannci by ubich gold salts pioducc then efl<ets m the body must be 
available 


\n intensive study of tJic nietabohsin and lo\i« itv ot tlie various gold com 
pounds used has been made m this loboratoo * It wts found that when gold 
conipoiuids aie injected intiamusculaih into white rats the oOld is deposited 
la vaiious tissues of the bodv, pinnaiih in the livei and kidnev ^ The amount 
and site of deposition seem to depend on the phvsiea] jiropeities of the compound 
studied Also, the seventy of the histopatliologv in gold treated animals is 
^ughlj pi-oportional to the quantitv of gold laid down in the tissue 

AVe became iiiteiestcd in whetlici the icspirntion of these tissues as nioas 
ored by owgen consumption, is influenced In tlie piesence of gold and whether 
a coiielation exists between the concentiation of gold in the tissue and its rate 
of respiration If such a relationship between deposition of gold and activity 
of the enzyme systems in these tissues exists it niav piovidc an insight into the 
luechamsiii of gold toxicity Using the A\^aibuig technique it was found that 
the oxvgeii consumption of lat kidnev and livci slices i\as inhibited in vitio bv 
flie inorganic comiiounds gold chloiide ind gold sodium thiouslfitc Tlie or 
same compounds sodium succiiimiido auiate gold sodium thiomalatc and gold 
thioghieose did not cause inhibition ® 

AVhen 2 3 dimeicaptopropanol (BAL) developed duiing the wai as an 
effective antidote against acute aisenical poisoning became available it was 
^liovvn to be effective also against other lieavy metals cadmium nieicui-y zinc 

audcoppei Piutheinioie lecent lepoits indicate the appment clinical value 

B VD m ti eating gold toxicity in human beings and suggest th it its adminis 
fration results in an augmented unnary excietion of gold undci these con 
ditions “ ^ 


Rackh^ Rackliam Vrthrltia Research Unit Xledical School UnWer it> < 1 : 
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It IS now geneially accepted that tlie toxicity of heavy metals, such as 
aisenic, is due to the iiiaetivation of the sulfhjdiyl gioups in enzyme proteins 
of the tissues The action of the thiols is attiibiited to then effective competition 
foi the heavy metal ivith the sulfhydijd gioups in vaiious body piotems Ar 
seme and gold aie closely i elated chemically and it is leasonable to assume that 
then biochemical reactions arc similai It is suggested that the toxicity of gold 
IS due to its combination with siilthjnliyl gioups in enzyme proteins, and the 
sulfhydijd (thiol) gioups in BAL compete effectively foi the gold combined in 
the tissue protein, thus restoring the normal enzyme sy stem 

This study is coneeined with the eftect of BAL and othei thiol compounds 
on the respiration ot tissues in vitro, and then possible eftect m preventing in 
hibition ot oxygen consumption produced by gold compounds Obviously, onl\ 
those gold compounds observed to produce such inhibition m previous stu lea 
could be investigated 

VIETirODS 


Mciisurcments of oxygen consumption were made with oq 

constant volume manometer The carbon dioxide produced was mter paper 

per cent potassium hjtlroMdo solution contained in the cen ra we o p 
After introduction of the tissue slice, the manometer disks were iimnersed i 
at 3S» C, dnshed witli pure warm oxjgcii (3S“ C) for ten mmu es, o 

of 110 oscillations per minute The suspending medium was a piospi „ 
logic silt solution (pir 7 4) containing 0 2 per cent glucose as described J 
total V olumo of duid in each disk was 2 5 cubic centimeters 

The tissues were taken from healthy mile and female whi ® ® Kidneis 

1 standiid stock diet Tlio animals were killed by a blow on lo m i,uffer solution 

and/oi luer were quickly removed, washed free of blood, and p acc i held against 

Slices of appioximatolv equal size and tliickness were made wit i a raz 
the lower side of a glass microscope slide The sections then gji^es were 

clumber of the manometer dusks At the conclusion of Um oxvi^en cousuniphon 

lemoced ind dried for twenty four to forty eight hours at u*' “ 

was calculated pei milligriiu of dry w'eiglit of tissue <. io 5 tunes the final eon 

The solutious to be tested were placed in tlio side arms a - ^ control period 

centrition and tipped into the main chamber containing the j- ,ggQ ^ygh respect to 

of forty d\e minutes In all cases the dii il gold concentration ould produce »avi 

gold, since this had been shown to be the lowest concentration concentrations 

mal inhibition of oxygen consumption 0 The thiol compounds ^ done since 

to provide either one thiol or three thiol groups for one atom 0 go ccch 

it IS possible for gold to react either as a unixalent or ifter addition 

added solution was adjusted so that the final pH of the solution in , 

was 7 4 ]„ch gold woo iddc"' 

Each set of experiments included a control tissue slice, one compound adde 

one with an added thiol compound, and one with both a go an nitenals, and were 
Readings of the manometers were made at fifteen and thir v pve niniutes aft‘' 

continued from one hour and forty five minutes to two hours an 
addition of solutions being tested 

OBSERVAriONS g^ld 

The compounds studied aie listed 111 Table I Tbe a 

chloiide and gold sodium thiosulfate, vveie pieviousy ^ ^ and 

mhibitoiy effect on the oxygen consumption of mt tissues togn’cc®® 

nine vveie included since it was felt that tbey^ might be 10 ^ 
pounds with a thiol gioup 
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Tadle I CoMPOUKPs Studied 


GOLD COMPOUNDS 


\.uCl IICL 3HjO 
Gold chloride 
(jO per cent gold) 


Naj lu(S Oj)i 
Gold sodium tluosulfate 
(37 i per cent gold) 


THIOL COMPOUNDS 


COOH 

1 

II— C— SH 
1 

COOH 

rhiomalic acid 


H 

I 

ir— c— Sir 

I 

H— C— SH 

I 

II— C— OH 

i 

H 

2 3 Diniorcnptopropanol 
(BAL) 


^'lSCH 

Hclon 

I 

HOCH 
JI 
H 

I 

CH OH 

Sodium tlnoglucosct 


POTENTIM THIOL COMPOL NPS 



H 


H— C— H 

H H 

1 

1 1 

S 

It— C S— S 0— H 

1 

H— LnH, H— C— NH 

H— C— H 

1 

1 1 

H— C— H 

COOH COOH 

1 


H— C— NH 

1 C^stino 

i 

COOH 


Mctluouine 


Sla1.cs ^ was obtoIncJ from EdECwood Vraenal Aid throueb courtesj of the United 
tSodlum Ihiogluco c %\as furni hed by the Schering Corporation Bloomfield N J 



H* 


H 

I 


SH 


H— C— NH 

[ 

COOH 

C^atoino 


the lesults with kidiiej slices arc included in this leport Essentially 
same lesults weie obtained A\ith liver slices howe\ei since the ovtgen eon 
sumption of noimal luei tissue is smallei than that of kidney tissue the absolute 
differences noted with the compounds studied are much smaller than tliose found 
ui the kidnej 

Oxygen consumption of lat kidney slices as influenced in \itro by the gold 
compounds alone, by thiol and di thiol compounds alone and bj a combination 
of eacli, IS showm m Fig 1 foi gold sodium thiosulfate and Fig 2 for gold 
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chloiide Oxygen consumption is plotted on the veitieal axis against time in 
minutes on the hoiizoutal axis Tlie anow at foity-five minutes indicates the 
time ot additions to the flask Each euive lepiesents the aseiage of slx to eight 
deteiimnations The eontiol cuive is shonn by the solid Ime, the gold by a 
dotted line, thiol compound by a bioken line, and both compounds by a combi 
nation dot-dash line On the left, in each pan of expel inients, the chart shows 
the lesults obtained when one thiol gioiip was piovided per atom of gold, on 
the light, the cuives lepieseiit lesults ivitli tliiee thiol gioups pei atom of gold 

Gold Sodium Thiosulfate (Fig I) — The fiist pan of cuives, lA andlB, 
shows the effect ot thiomalie acid and gold sodium thiosulfate on oxigeii con 
sumption of lat kidney’' slices Tlie contiol cuives (I) in both sets of expeuments 
show a giadiial decline in icspiiation oiei the thiee-hoiii peiiod In the Jl/oOO 
concentiation (1-A) thiomalic acid (III) pioduces an inhibition of respiration 
somenhat less than that piodueed by 111/500 gold (II) The addition of both 
compounds simultaneously to noiinal tissue lesiilts in a lespnation (IV) slightly 
liighei than when gold alone is added (II) but lowei than with thiomalic acid 
alone (III) In the 3111/500 concentiation (1-B) thiomalic acid itself (iH) 
pioduces an inhibition ol lespiiatiou gieatei than that caused by gold alone (H) 
Hoivevei, the simultaneous addition of both coinjiouiids lesults in a ciuie (I ) 
vliicli follows veiy closely that of gold alone (II), indicating that in this instant 
the inhibition of lespiiation is not the additive effect of the inhibition piodiic 
by each compound alone 

The effect of BAL (2,3 diiiieicaptopiopanol) is sliovm m and^B 
In both sets of expeuments the contiol cuives (I) show little deciease ni lespu 
tion ovei the whole peiiod In the iM/1,000 concentiation (3-A), '' 8^® ® 
thiol gioup IS piovided pei atom of gold, the BAL alone (HI) 
inhibition of lespiiation than does gold alone (II) The cuive foi tie a 
of both compounds (IV) shows less inhibition than when gold a one is a 
(II), but gieatei inhibition than that caused by the thiol compound a 
In the 3M/1,000 {2-B) BAL itseli (III) pioduces an inhibition ‘ ^ jg 
that of gold alone (II), howevci, the late at which ^ both 

slowei with BAL than with gold Tissue lespiiation aftei the ad i lo 
gold and BAL (IV) is mhibited as coinpaied with the contiol (1/ ^ 
at a somewhat liighei level than with eithei compound alone aloue, 

inliibitoiy effect of both compounds is not the sum of the effect o^ jjiJnbitw^ 
and it is possible that theie is a gieatei pievention of lespua oiy 
caused by gold which is masked by the individual inhibitory ae lo 
compound 

The influence of sodium thioglucose and gold sodium 
by the cuives in 3- A and 3-B In eoncentiations of M/bP > ® ^^^pgied "hh 
lespeet to gold, the tiuol conipouncl (III) has no effect lesuIts m ^ 

contiol tissue lespiiation (I) Its addition togethei with go 
lespiiation cuive (IV) which shows definite inhibition oyf /500 

that piodueed by the addition of the gold salt (H) In ^ (I^^^ 

tration, sodium thioglucose pioduces no inhibition of oxygen 
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when compaied uith the coutiol respiiatiou latc (I) Howe\ei, the addition 
of both thiol and gold compounds lesults in a lespiratiou cune (IV) Mhich is 
significantlj highei than that obtained ulien oiilj gold is added (II) 

The last pair of cunes, 1 1 and i B, Pig 1 piesciits lesults obtained with 
l-cj Stine, a potential di thiol compound In both sets of experiments, c^stlnc 
itself produces respiration cui\ts (III) which aie similai to the contiol curves 
(I) In the M/1,000 coneeiitiation equimolai with lespect to gold, cjstme 
added simultaneously with gold (IV) i)ioduccs an inhibition of lespiiatioii com 
parable ^vitli that caused 1)^ the gold salt alone (II) In the 3M/1 000 eoncen 
tration, the addition of cjstine with gold (IV) lesiilts m an e\cn lower lespna 
tion rate than that pioduced b> gold alone (II) Despite the fact tint the pH 
of all solutions added was adjusted so that the pll of the leaction media w is 7 4 
after additions to the nnm clnmbei, wc found that the gold solution plus the 
3il/l,000 cjstine resulted in a pH of o\ci 8 0 at the conclusion of the cNpeii 
meat This fact maj account in these e\pcnment'> foi the obsci\ed lespirator^ 
itihibition winch is greater than tliat caused 1)\ the gold ^alt alone 

Methionine, not sliown in the figure ga\e c^sentnlh the same lesults as 
I-cystme 

Gold Ghlo)\dc (Fig 2 ) — The m Ml lo effect of _old chloiide and the various 
thiol compounds studied ou the icspiiation of lat kiclne\ shoes is shown in Pig 2 
The first set of e\peumciits 1 J and 1 D shows the iniluence of thiomalic acid 
Mono in M/500 concentration, this thiol compound has a depicssant effect on 
respiration as shown bj cui\e III however when it is added with the gold salt 
the respiration latc (IV) is somewliat liighei tlian tliat produced by the gold 
alone (II) though lowei than with thionnbc acid aloue (III) In the 3M/500 
concentration (IB), thiomalic acid and the gold salt added simultaneously 
produce a lespiiutioii curve (IV) which shows defimtelj less inhibition of oxygen 
consumption than when eithei compound is added alone There is however, 
definite inhibition when this lespiration rate is compaied vvitli the control (I) 

Essentially the same lesults were obtained with BAD and gold chloiide 
^ A and 2 B, Pig 2 as with thiomalic acid and gold chloride In the 3M/1 000 
concentration (2 B), BAL shows a greater inhibition of respiration aloue (III) 
than m the I\I/1,000 concentiation (III 2 A) but its ability to prevent inlubi 
tion 13 much more marked (IV. 2 B) at this concentiation than at M/1000 
(HI 5 A) 

Both sodium thioglucose and 1 cystine behave siinilaily, 3 A and 3 B, and 
4 A and i B, respectively Neither compound produces inhibition of itself (HI) 
Each, when added with the gold chloride m concentrations to provide one thiol 
&roup pep atom of gold shows some prevention of inhibition (IV, 3 A and i A) 
m the larger concentration, three thiol groups pci atom of gold, each compound 
^hows a greater prevention of inhibition (IV) than when only one tlnol group 
^ provided per gold atom 

Methionine and cysteine were also studied Neither produced inhibition of 
OMgen consumption by itself nor was theie anv appieciable prevention of the 
^hibition produced by gold chloride 



OXrGEN CONSUMPTION (mm?/mg/hr) OXYGEN CONSUMPTION (mmVmg /hr) 
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DISCUSSION 


With the exception of sodiiini thioglucose, none of the compounds contain 
ing a thiol 01 a potential thiol gioiip definitely affected the inhibition in oxjgen 
consumption caused by gold sodium thiosulfate Yet all compounds except 
methionine and cj'^steine weie effective against gold chloride This could be 
most cleaily demonstiated ivlien thiec tliiol gioups weie furnished for each 
atom of gold However, both BAL and thiomalic acid produced an inlnbition 
of oxygen consumption, when added alone, which was not endent with the othei 
thiol compounds studied The simultaneous addition of either of these "ith 
the gold sodium thiosulfate did not result in an additive effect with respect to 
respiratory inhibition AVhen either of these two was added with gold cliloiide, 
there was definitely less inhibition tlian was produced by either the thiol com 
pound 01 the gold salt alone 

It appears that iiiidei conditions ot these expeimients, there is a chemical 
reaction in vitro betvcen gold chloride and thiol gioups to produce a compoun 
which does not inhibit tissue lespiiation The gold compounds theoietica i 
formed, for example, gold thiomalate and gold thioglucose, were shoira no 
inhibit oxj^gen consumption in previous studies® Postulated compounc oin 
by the reaction of gold chloride and BAL oi 1 -cystine would be ^ , 
beha\e smiilaily We haye no explanation for the failure of cys eine 

methionine to counteract inhibition Uponiiseof 

The results with gold sodium thiosulfate are not as clear cu 
the complicated chemical iiatuie of this salt, it is difficult to pos i a e 
compounds might be foimed by the thiol deiiyatives 

The ability of thiol gioups to remove gold deposited m tissues la 
investigated by this study The ivoik here presented has s own e ‘ 
thiol compounds to lessen the in vitro inhibition of oxygen coiisum 
the compounds are used simultaneously ivith certain gold salts 

The implications of these studies ivith respect to the m 

gold are not clear Gold chloride is extremely toxic and has no gf 

treating human beings Yet it is the only salt which, un ei inhibitor' 

this study, appears to be detoxified by various thiol groups and 

action of gold sodium thiosulfate is prevented only by so mm i o 
not by the other thiol gioups studied, some detoxifyung ^ gg inhibit 

sodium thiomalate may’’ be masked by the fact that these compoun 


oxygen consumption nntoid aitlmt's> 

The gold salts commonly used in the treatment of ^ ® ‘ witb 

gold sodium thiomalate and gold thioglucose, do not bound to tbr 

tissue lespiiation Smce in these two piepaiations the go (je^elopuK^"^ 
organic moiety by a sulfur linivage, it is possible that the ^hiol de 

of therapeutic gold piepaiations has already taken m vitm 

toxifying meehaiiism This inteipietation cannot be prove ^ i^"**^*^ 

since it IS possible that gold salts are metabolized by a Also,tbefa.I>»: 

less of the foimi m which they are introduced into the jj^j^eifem 
of sodium succmimido-aiiiate, which contains no sulfur, to inipor*'''’'* 

lespiiation® suggests that factors other than sulfur lineage 


in deter minmg toxicity 
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SUMM VR\ 

1 The m vitio inhibition of oxygen consumption of lat kidney slices oh 
sened with gold sodium thiosulfite is not lessened by the potential tiuol coni 
pounds cystine and luctlnonme, noi bj BAL or thiomalic acid wJudi contain 
thiol groups , howe\ er, sodium thioglucosc docs lessen the inhibition of ovj oCn 
eonsiunption The eftects of BAL and thiomalic acid may be masked by the 
fact that these compounds, in themselves produce inliibition of lespiiation 

2 Tho m Mtro inliibition of ox>gcn consumption of lat ludnej shces 
caused by gold cliloiide is appreciably icducod bj thiomalic acid BAL, 1 cjstme 
and sodium thioglucosc, but not bj methionim, oi c\ steme 

3 When three thiol groups aic fuiuished foi each atom of gold tlie leduc 
tion of inhibition is moie cleai ly shown than when onh one thiol gioup pei 
atom of gold is jiiesent 
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Tlie oral luppunc acid luer function test nas carried out m the manner described bj 
Quick and common!} used in clinical nitdicine As in the foregoing procedures, when para 
ammobeuzoic acid i\ is used, its idministration i\us started eighteen hours before the ingestion 
of sodum benzoate and it was gnen eier} three iiours 'When gl}cine was used, 20 6m were 
given with breakfast and 20 Gm with the sodium benzoate 


RESULTS 

When tluee suboeets of similai lieiglit and eight weie given oralh a single 
3 Gm dose of sodium salicylate, the plasma salicylate level leached its peak of 
18 to 22 mg pel 100 e c in tiio to ioiii houis and then fell lapicllj to 1 mg oi 
less pel 100 cc in twenty-eight to thiitj-two Jiouis Iloivetei, ivlien the pio 
ceduie t\ds lepeated and paia-aminobenzoic acid was also given, the plasma 
salicylate let el again leaehed its peak in tt\o to foiu houis but fell moie slowh 
In one subject the plasma salicj’late level diopped to 1 mg pei 100 cc in forty 
eight houis, and in the othei two subjects it was moic than 3 mg pei 100 cc at 
fifty-six houis Fig 1 shons lesults obtained on Subject 4 plotted on antlimetic 
giapli papei and Fig 2 shows the same lesults plotted on semilogaiithmic paper 
Oral administiation ot paia-ammobeu70ic acid appeared to cause the plasma 
salicjlate levels to fall nioie slowlj and to altei the toini of the curve 

Table I shoi\s the salicil fiactions found iii the uiiue of Subject 4 m the 
foiegoing study In man, aftei oial administration of the single doseof sahevl 
ate, theie weie the expected laige quantities of salicvluiic acid present in the 
mine Iloweiei, when paia-aminobeiizoic acid nas given with the salicylate 
onh ven small quantities of salicyluiic acid weie found in the uiiiie m spite 
of collection ot the mine foi a pciiod almost twice as long The quantities o 
free salicclate and salicyl glucmonatc weie compaiable when the duration o 
the collection period was eonsideicd There was no retention of sahcjduric aci 

in the blood }\hen it failed to appeal in the mine, as the plasma salicylate was 

piaeticallv all in the foim of tiee salicjdatc and only the usual traces of sa ici 
mie acid iveie pieseiit 


Tvblf I Thl Salicvl Prcctioss Becomred rROit THE Urixe op Subject 4 evd 
IX THE Same Studies Illustr vtfd b\ Figs 1 Through o 


Dog 



COILECTIXG 

PERIOD 

(HR) 

SODIUM 

S VUC\ LATE 

Subiect 4 

34 

Without PAB 


60 

l\ith PAB 

Dog 261 

48 

Witliout P^VB 


48 

Witli PAB 


SAIICVL 



ifACTlOX S IX the URt XEji^ 
S VUCIL 


free 

SABICV BATE 


1,3G4 36 
71 50 
4 5-1 
0 


319 43 
819 39 
185 46 
198 0 


gllcu 

UOiXATES 

Ios’tT” 
610 61 
203 95 
264 0 


tot O' 

SUJCUAK 

1,9S2o 7 
l,50t dO 

39390 
1620 


Foul similai studies weie done on two dogs, the salicylate ° 3 ^ 4, 

twice and intiavenously twice The results on one dog aie ajid irhen 

5, and 6 Salicylate exeietion ivas much slower m the dog than ” was not 
paia-ammobenzoic acid ivas given, the late of excretion of sa i ) ‘ 
altered appieciably the 

In the dog the administiation ot paia-aminobeiizoic aeia 
saheyl fractions appealing in the mine Only tiaces of sa icj 
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P^ciiont in the mine when saiiejHtc iiloiie nas giien T'ib}D I s}ions tJie saiitjl 
fractions found in tJic unne of Dog 261 in the foicgoinj, studies 

Table II shous the leiial cieaiance figuics obtained on foiu iuiniin subjects 
'f’iie clearance values of salicjHte -vMthout jiaia aimnobcnzoie aoid ranged fiom 
'is to 39 36 e c of plasma cleared pei minute, nitli an average of 70 29 cubic 
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ceiitimeteis The cleaiaiice values ot salicylate when paia amiaobenzoic acid 
was given langecl fiom 22 76 to 32 41 c c of plasma eleaied pei mmute, mth an 
aveiage of 27 53 cubic cen timet eis The lenal cleaianee of salicylate appaientl 



1 3 — Silicjlcito concentration in the plasma of Dog 261 after the oral adminbtral™ 

?u ^ I of sodium sallcjlu.tc Onc-half grain of para amlnobenzoic acid I'as gnen e> J 
three hours thioughout the stud} 



was leduced appiovimateh 60 pei cent when paia-ammobenJ’oie 
Howevei, in calculating these cleaiance values the mine was '' salif'^ 
the figuie foi the total salicylate piesent was used regaidless o 
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fractions neic present Since this clcaianee value is actnallj the lesnltant of 
all the clearance figures of the individual salicjl fnctions appealing in tlie 
urine, not much iiifoim ition can be obtained fiom it 



® “iSallcylatG concentration In the plasma of Doe 61 after the tntrai 
ears amtnns Gm of sodium eallolatc per Itllograni rf boclj aeicht One hal; 

aminoocnzolc aclU ^vas gtvfn c\cr> three hours throughout the stut3> 


enous ad 
half gram of 



Table III sliovvs the lesults of anothei group of clcaiances in ivhicli the 
'^'icvl fractions in the mine were deteraiined When para aminobeiuoic acid 
"its given with the salicylate again only tiaces or very small quantities of 
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Table II Decrease op tue Eenal Clearance op Total Salicylate After the Ingestion 

OP PARV ANIINOBENZOIC ACID IN MAN, CLEARANCES Are GiVEN AS CUBIC CENTIMETERS 

OP Plasma Clevbed Per Minute 



VOLUME OP 

1 rOTYL SiVLICYLATE CLEAR YNCE I 

PLASM V PAB 


URINE (C C 

(c c 

PEP MIX ) 

LEITLS (MO 

SUBJECT 

PEP MIN ) 

NOP\B 

1 WITH PAB 

PER 100 C C ) 

1 

3 IS 

77 07 




1 12 

OS 70 




2 70 


31 94 

12 DO 


1 80 


32 41 

13 23 

2 

1 Co 

99 30 




1 21 

73 57 


915 


2 31 


25 41 


1 20 


20 52 

8 25 

3 

1 SO 

50 10 




1 50 

51 97 


1114 


3 60 


22 76 


1 40 


23 13 

8 5a 

4 

3 40 

77 42 




1 40 

03 75 




2 73 

150 


2S40 

29 05 

10 2 

8G 

Average 


70 29 

27 53 

— ^ — • 


salicyluiic acid appealed in the iiiiiie Since sabcjlniic acid has a hiohei 
cleaiance Nalne than tiee salicylate and noimally constitutes Vu,,, 

pei cent of the total sulicyl fiactions e\eieted in the mine, the deficiency o 
salicyl fiaction caused a inaiked diop in the lenal cleaiance of tie o a ® 
ate At the same tune cleaiance of the fiee salicylate fiaction lemaine 
tiallj unchanged unless the pH of the iiiine M’as also deci eased 
enough sodiiun bicaibonate was given with the salicylate and i jjfe 

acid to piodiicc a stiongly alkaline mine, the cleaiance of t le ^ 

fiaction inci eased enough to mask completely the elfect of le e 


Table III 


The Effects of the Ingestion of „ np Thfi 

SoDiuNi Bicarbonate on the Excretion and CLEARiVNCE of 
Salicyl Fractions in Man 


SUB 

JFCT 

1 

VOLUAIF 

OF 

UUIXE 

(c c 

PEP 
ACTN ) 

PH 

OP 

UKINI 

SALI 

CAL 

URIC 

ACID 

1 

No PAB 

1 8 

08 

72 46 


With PjYB 

2 27 

64 

8 31 


With PAB plus 
glycine 

2 73 

75 

512 

2 

No PiVB 

1 SS 

69 

60 00 


With PAB 

1 60 

6 85 

16 94 


With PAB plus 
sodium bicarbonate 

2 70 

80 

Trace 

3 

With PAB plus 
sodium bicarbonate 

1 20 

7 85 

12 4 


With sodium 
bicarbonate 

1 75 

7 75 

68 45 

4 

With PAB plus 
glj eine 

2 07 

76 

50 


SjYlicy l fractions 
in the urine 
IMG IN 1 hr ) 


FREE 

SALI 

CYL 

VTE 

SALICYL 

GLU 

CURON 

YTES 

30 0 
25 80 
117 19 

32 61 
34 28 
30 38 

32 42 
41 66 
197 50 

38 64 
40 85 
32 5 

159 36 

33 5 

162 25 

38 4 

114 80 

50 65 


total 

sali 

CYL 

ate 
135 07 
68 41 
152 69 

131 06 
99 45 
230 0 

205 26 

269 10 

170 45 


rEN IL ClE-0’ 

ance (cc op 
pUsya 

perminJ_ 
total 


free 

SMI 

CYL 

ate 
17 68 
12 11 
61 03 

19 64 
19 44 
106 93 

92 96 

98 33 

b2 62 


SAU 

CTL 

ate 

■7993 
32 00 

79 oO 
70 41 

46 4 
124 O' 

110 70 

1631 

qo 99 
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saljcjlurjc acid on tin. total salicjlate cleaianec In an attempt to see if tlie 
quantit} of atailalile gljcmo nas the limiting faetoi, glitinc nas given with the 
para aminohenzoic acid and saliejlatc but still onlj small quantities of salieyl 
unc acid nuc found in the uiinc Iho uiiiic nas consistentlj alkaline when 
ghciiie was ingested and the exeietion of total salicilate was high because of 
the increased iciial clearance of the flee salicilafc fiaction 


TABLL I\ DECitfLVSL OK Tilt FOf 21 \TION Ot Jill I I I(l( t\ M VN AKIEP TUfi INGESTION OF 

PVRA \M1NODENZOIC VCID \S INDICVTPO B2 Till OUM Hu PI RIC i-CID I I\ ER FUNCTION TeST 


SUDJECT 

1 I 

1 DV\ 

1 (JUNE 1947) I 

1 Git vlis Ot HU n f t< \( lU LV-CPETED IV THE URINE IN 
[ lOl It IIJII VFTHl VP2IINISTRVTION OF 

1 6 021 SODll \1 1 OCM SniULM 

DENZOITL 1 aENZtUTL 

1 WITirPMt I VVITUOTTPVE I 

0 021 S0PIU2r 
BEVZO VTE WITH 
PVB I LLS GGVCINE 

1 

2o 

0 168 



2S 

4 980 



30 


0 6o0 

2 


0 54J 



23 

4 41 



10 


0 400 

3 

30 


0 485 


In oidei to sec if paia anunobcnzoic acid ua^ pi]»ablc of intcifeiing ■with 
the conjugation of ghcino with bcuzoic 'w'ld oi iJ^ deimtncs otliei than sah 
C))ic aeid the hippunc acid luer function tost was used Table IV shoivs that 
there was a gicat decicase of the fomntjon of Juppiiu'’ acid when para ammo 
benzoic acid was gnon and the exogenous givcine did not eliminate this effect 

COilMFXT 

The lesults of this study substantiate the finding of I^rj Butt and Scheiflcv 
tliat the oral administration of para aminobenzoic acid caused an cIe\ation of the 
plasma salicjlate level in man This elevation did not occui in the dog The 
mechanism icsponsible for this elevation of plasma sahcvlate level in man ap 
peared to be an alteration of the detoxication of salicylate 

According to the reports of Bertagninr ^ Tollens® Qurck° Salt,'® Kapp and 
Coburn*^ and Smith and eo workers* man normally conjugates sahcjlic acid 
^'ith both gl>cine and glucuronic acid and the correspondmg products saliejl 
uric acid and saheyl glucuionatcs appear in the unne Kapp and Coburn le 
ported that approximately 80 per cent of tlic ingested salicylate was excreted in 
the urine as compounds containing the salicyl radicle and roughlv 50 per cent 
of this was salicyluric acid This conjugation piobablv occurs in the liver 
QuickC » has pointed out that the liver of the dog does not conjugate gljeme 
^vith benzoic acid and its derivatives to tiic same extent as the liver of man and 
uiany animals, but does use glucuronic acid extensivelv m the conjugation of 
benzole acid and orthohj droxybenzoic acid 

Working with rabbits Ellinger and Hensel“ * m 1914 first reported the 
excretion of acetj I pai a aminobenzoic acid after the feeding of para ammo 
benzoic acid After this leport, para aminobenzoic acid was vvidelj used in the 
of some of the mechanisms of detoxication in man as well as animals, and 
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the liteiatuie on the metabolism of the cling is extensive These lepoits 
indicate that, in man, paia-aminobeiizoic acid is conjugated with glycine and 
glucuionic acid and that the coiiesponding piodncts appeal m the urine in ad 
dition to acetyl-paia-aminobcnzoic acid 

The findings in this, study aie in agieement with the foiegomg obseivations 
in that only tiaces o± salieyluiic acid weie found in the luine of the dogs after 
the administiation of salicylate, while in man laige quantities of salieyluiic acid 
weie excieted in the uiine aftei the ingestion of salicjlate When para ammo 
benzoic acid ivas given to man with sodium salicylate, only tiaees oi veiy small 
quantities of salieyluiic acid appealed in the iiime Suice theie was no leten 
tion of salieyluiic acid in the blood ivhen it failed to appear in the urme, its 
formation was appaiently inteiiupted or markedly decreased Although the 
principal mechanism by w'liich paid-aminobenzoic acid mci eased the plasma 
salicylate level and decreased total salicjdate excietion appealed to be the mtei 
inption of salicyluric acid foimatioii, paia-amiiiobenzoic aeid also tended to 
lower the pH of the uiiiic and thus tuithei deci eased the total saheylate escie 
tion bj’’ decreasing the renal cleaiancc of the free salicylate fraction When the 
urine was made strongly alkaline by the administration of massive doses of 
sodium bicarbonate, the clearance of the free salicylate fiaction incieased, as 
observed by Smith and co-woikei’s,'* and tire effect of paia-animobenzoic aeid ivas 
masked 

Because of the fact that no relatively simple methods were arailable for 
deteimmiiig tlie eoiicentiatioiis of the conjugated pioducts of paia aminobenzoic 
acid in the urine or blood, no attempts were made to study the possible lecipioca 
effects of salicr he acid on tlie detoxication or excretion of paia-aminobenzoieaci 

SUMAIARY 

The oral adminrsti ation of para-aminobenzoic acrd appeared to have 
lowrng effects on the metabolism and excietion of salicylate m man First, i 
altered the detoxicatron of salicjdate by interrupting or greatly depressing e 
conjugation of glj'cine with salicjdate so that only very small quantities 
salieyluiic acid appeared in the urine after ingestion of salicylate Secon , 
tended to loviei the pH of the urine and tlius decreased the renal 
the free salicjlate fiaction Thud, it caused a decrease of the 
of total salicjlate and a use of the plasma salicylate level due to the oie„o 
effects 

In dogs the administration of paia-aminohenzoie acid did not alter 
cietion of salicjdate and did not increase the plasma salicylate levels 

The administration of paia-aminobenzoic acid appeared to deciease = 
the for matron of hippuric acid as measrried by the oral hippunc aci 
tion test m man 

These effects were tempoiaij’' and completely reversible 
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USE OP PENICILLIN AND STEEPTOaiYCIN IN THE ISOLATION OF 
POLIOMYELITIS VIRUS PROJil PEOAL SPECIMENS 


Bevtrice P Howiir, M A AND VoH uiMiE H Bvrnett, BS® 

jMontgojiery, Ala 

I N ORDER to help confmn the diagnosis of poliomyelitis that had been made m 
seveial epidemics duimg the past two yeais, it was necessaiy to leeoiei the 
viius fiom lecal specimens Melnick' has lecommended methods of piepaiation 
by high-speed eentiitugation, but because the instiuments were not available, 
the etheiization method of Paul and Tiask- was used Isolations of the vnus 
weie made in two epidemics but because so oiten the monkeys siiecumbed to pen 
tonitis after several intia-abdominal inoculations, anothei method was sought to 
reduce the bacterial content without loss ot virus actmty 

It had been shown bj’’ vaiious workers that the antibiotics penicillin an 
sti eptomvcin have little eftect on tlie virulence of certain viiuses, while on tic 
other hand they greatly reduce the associated bacteria Paikei and Diefen oi 
reported that the viruses of vaccinia, St Louis encephalitis, and of equine en 
cephalomv elitis were able to grow in the chicken embiyo aftei addition o peni 
cillm Ploiman, Weiss, and CounciP had used stieptom>cm without any e ec^ 
against influenza A virus, Hiist® likewise found penicillin to be of use m i 
isolation of the latter virus, while Hodges" obtained marked reduction o 
teiia after the simultaneous inoculation of penicillin, streptomycin, 
specimen into eggs Bradley and co-workers' employed penicillm to ni u 
ferial growth nr the isolation of Newcastle disease vnus fiom 
chicken tissues, while Beaudettc, Bivins, and Miller" have lecently a loca^ 
use ot a mixture of pemciUin and streptomycin for the ° of the 

virus from chickens Because the organisms were inhibited and vc 
viruses used were particularly affected by these antibiotics, the 
were undertaken with the virus of poliomyelitis Before testmg 
direetlv' on fecal specimens, it seemed advisable to deteinnne o i 
peiriciUin and streptomycin might have on different dilutions o po 
vnius and what might be the optimal concentrations foi m i i 

j Pemcilhn o» 

Experiment 1 To Deteivnne the Effect of Streptomycin an jjqueous 
Different Dilutions of the MV Virus of Poliomyelitis A of poho 

suspension of monkey cord containing the IMVt monkey passage ' 
myelitis was centrifugated at 6,000 revolutions per minute dihhcd 

the angle centrifuge placed in the cold room The supeinatan m 
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Table I Effect op Penicillin and Sti cptomicin ov “MV Polioaiyeutis ^ irls Ilone vnd 

ON V Alli.TURB OP A in US AND B\CT£RLV 


EIPERl 



I roi TF OF 






ivocur\TioN* 

OF \lRt 

RBSUITS 

1 

iM I4S 

hiy Mnia nnd anti 
biotics 

1 n 

and 1 abd 

1 10 

Pnrnij/ed 


M 149 

ilV \iru3 
biotics 

nnd auti 

1 n 

Hid I abd 

1 100 

Panl>/cd 


M 116 

MV virus 
biotics 

and anti 

1 n 

and 1 nbd 

1 oOO 

Pnral>'zed 


M 147 

MV virus 

nlono 

1 c 


1 10 

Pnrnlvzed 


M 1-1 

M\ virus 

flj sus 

1 n 

iiid 1 ni I 

1 in 

Vo symptoms M itli 


ir 122 

pension, 
biotics 
AIV \iru3 

and anti 

flj sus 

1 n 

and 1 il 7 

1 ino 

stood challenge 
do e of virus 
Pnrnljzed 


M123 

pension 

biotics 

nnd anti 

1 






MV virus 

sus 

1 n 

nnd I abd 

1 lOon 1 

Parnl>zcd 


11124 

pension 

biotics 

nnd niiti 



1 



MV \irus 

Hj aus 1 

1 D 

and 1 nbd 

1 10 ofio 

Vo s^Tiiptoms WitJi 



1 pension nnd anti | 


1 

1 

stood challenge 


it 150 

biotics 
ilV Mrus 

flj sus 

1 c 


1 I in 

dcse of virus 
Parnlj red 


M 151 

! pension 

1 biotics 

and anti 



1 



ilV virus 

nlone 

1 c 


7 Ul 

I nrnh^ed 

3 

AI 137 

MV virus 

normal 

' 1 n 

in<) 1 p 

7 10 

Parnljzed 



feces and nnti 




M 13S 

biotics 
MV virus 

normal 

1 

1 u 

nnd 1 p 

J 100 

Vo sjruptoms 



feces nnd anti 




M 139 

biotics 
ilV virus 

normal 

1 li 

nnd 1 p 

7 lOOfl 

Vo symptoms Mjth 



feces and anti 



stood challenge 


ari3G 

biotics 
MV >irus 

normal 1 

J c 


1 10 

do c of \irus 
Parnhzed 



feces (ind inti 





M 152 

biotics 
MV virus 

nlone i 

1 c 


1 in 

[ aralyzed 


of 3 fi Intranosal Instillation total of 15 ml label intrn ibiiomlnal inoculation total 
nn i c. intracerebral inoculation of 1 milliliter 


^ 100 and 1 500 and 15 ml of each dilution \\cie fiozcn for future use The 
‘Antibiotics A\eie then added to the remaindei of the thiee dilutions (1 10 1 100 
and 1 500) in sncii a conceiitiation that each contained 1 2^0 unit's of penicillin 
^id 25 rag of atreptom>ein pci inillilitei Aftci lemainiiig one half houi it 
Whhh temperatuie, Rhesus moiil e-vs Aiere inoculated iiitia abdominally iiitli 16 
of each treated dilution of -viius and intianasally nith 3 ml of each that 
remained untreated Daily iigections were made until a total of 32 ml of each 
raateiial was guen bj the fii-st loute and 15 ml In the second One milliliter 
oE the 10 pel cent suspension of MV \iiiis was gnen intnceiebralli to a fouith 
monkej as a contiol All of the aniimls became completclj paiahzcd as shoMii 
m Table I Expeiiment 1 It was apparent that the antibiotics in tliesc conceii 
'rations did not leduce the potciiej of MV vnua diluted at least 1 500 In fact 
the lesults neic nioic effectne than uhen this same lot of Mir iiiiis uas titiated 
nioiikeys uithout eitliei iiiateiial IVith intiaceicbral inoculations of 1 ml of 
®aeh tenfold dilution from 10 ' through 10 oiilj the moiikej icceiving the fiiat 
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dilution became completely paialyzed Howevei, when given laiger amounts bv 
the combined mtianasal and intia-abdominal loutes, both the animals recemng 
the 10-^ and the 10-'’ dilutions showed typical paialysis 

Expel iment 3 To Dete) mine the Effect of Penicillin and Streptomym on 
a Alixtui e of MV Poliomyelitis Vv us and Bactei la Found in Flies— To test tbe 
eftect ot the antibiotics on difteient vinis concentiations m the pieseuce of bac 
teiia, tenfold dilutions of the ir\^ stiain weie made in a suspension of flies that 
had been taken at the cit> dump Aftei centiitUgation foi thiiti minutes at 
6,000 1 evolutions pei mmute, each dilution was tieated with the same concen 
tiations of the antibiotics as used m E\peiiment 1 Likewise, Ehesus nionbeis 
weie inoeulated with the same amounts of mateiial gnen by the same loutesas 
in Expeiiment 1 At the same time 1 ml of the tieated 1 10 suspension i\ as 
inoculated into a monkei intiaceiebialh , while anothei animal was gnen a 
similai dose of the iintieated 1 10 ■viius bv the same loute 

All but two ot the monkcvs liecame paialjzed as showm m Table I, EMien 
ment 2 These two piobably had an inappaient infection because both uitlistooa 
a paiahzmg dose inoculated intiaeeiebiallv at a latei date Likewise, it u as » 
inteiest that the monkey (lM-150) leceiving an intiaceiebial 
tieated fli mateiial became tj'picalh paialyzed without deveopniga 


abscess 

Ej pel iment 3 To Detei mine the Effect of Penicillin and Strepioimjm^ 
a Mixtiue of MV Vitus and the Bactei la of a Noimal 
pel cent suspension of noimal feces was made in steiile disti e wa 
dilutions of IMV mius weie piepaied m this mateiial and 
tiitugation a poition of each dilution ivas fiozen foi fiitiiie use 
dilutions weie inn in the angle centiifuge foi thiity minutes a , 
tioiis pel minute Sufficient of each dilution was before the 

poitioiis could be fiozen and lemoved when needed^ ^as thawed and 

inoculations a 16 ml vial of each dilution, lO'S 10 ", an ’aaution ot 
the antibiotics quickly weie added in an amount so that eaci 
contained 1,250 units of penicillin and 25 mg of stieptomycm and 

Aveie gnen fice daily doses of 3 ml of the untieated . V^,QaI]\ One 

two daily doses of 16 ml each of the tieated dilutions m la ^ 
animal was injected with 1 ml of the 1 10 tieated mateiia in 

As may be seen in Table I, Expeiiment 3, the viius p^alysis oceiirud 
pension wms not as potent as that with the fly matena i o 
beyond the 1 10 dilution The same lot of fiozen vutis was u j^jjaceiebnil 
ments How'evei, once again typical paialysis was pio uce 


loiite without any evidence of bacteiial contamination folIo"i‘’= 

Expel iment i Effects of the Antibiotics on Fecal bacteriostatic con 

expel iments weie made to determine the appioximate op nn^ jg^al su-^ 

centiation of the antibiotics which could be used witi a - 
pension (calciuia dd°" 

(1) Penicillin (el's stalline sodium G) ,,,jspensioii m 

complex, Meick) weie added to a 20 pei cent noiina bttle eftoot npo 

centiations showm in Table II In one senes the anti lo i 
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r\BLE II BaCTEBIOST VTIC EiFECT OF I EMtlLUN VND &ThEPTOM\CIN ON V FEC VL SL&IENSION 


’0 MIN ROOM 

TEMPERATURE 

CUITURES 





SUSPENSION CENTItlPLCPJ) 

\M0UM 

PFl MIa. 

1 hUbIL'JSION liNLI NTI IHU PU 

30 iiiN vT lo 000 1 p j[ 


STREPTO 





PENICILLIN 

M\CIN 
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0 (UMTS) . 

(MO ) 
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i» ooD \r \i 
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410 0 
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0 

hire Gr +• rods 

o9j 2 

5 9o 
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Cl + ro Is 





Hem strep , 




6 3 0 

12 50 



0 

0 

1000 0 ; 

20 00 

Or.- rods I 

Or + tn ! 1 

1 




Hem strep 

Cr- r»l 



1000 0 1 

20 00 


1 

0 

0 

1000 0 

20 00 



0 

0 

1000 0 

20 00 



0 

0 

1190^ i 

11 90 

Gr- rods 

Or + Tu ! 1 





Horn strip 

Cr- I >1 



11110 

22 20 1 



0 

0 

*>000 0 

40 00 , 

Gr - rod'4 






Hem strep 


1 


‘*10o 2G 

52 00 1 



0 

0- Transfer on 






blood affar 




1 


Cr + rods 

"3810 

! 23 SO 

Gr- rods 

1 





Hem strep 

1 j 



None 

None 

Hucli ffroutli 

' Or + und 1 

Nhglif 

Not inoculated 



! 

1 Gr - ro I t 

Croutli 



Or- Gram negative 
tGr+ Gram poslthe 


the aerobic oi maeiobic giowtli of the bacteiia on blood i„ui and m beef heart 
lirotb, respeetivel}, when the suspension was not sufficientlj centiifugated tOnle 
m the other the results nete satisfactoiy nhen the material nas lun m the angle 
centrifuge for thirty minutes at 13,000 re\olutions per minute 


Tibie m CoiirAsisov of the Dactebiostatic Eifects of Ethek asd oi Amibiotics o\ 

A FEC\B SofilESSlON 


JU illN at ROOM 
TEMPERATIinR 






amount PER JIL fecal 
SUSPENSION 1 

CUI TURFS 


CULTURES 

’emollin ' 

(UNITRN 

STREPTO 
MTCIN 
(MO ) 

BLOOD 

A(5\n 

thioglacolate 

drotu 

ETIIERI 
ZaVTION 
MET lOD 

BLOOD 

\GAIt 

THIOOLACOL-ATE 

BROTH 

100 1 
"00 

-0 

40 

0 

0 

0 

0 

ether 

ether 

0 

0 

Gr- rods 

Gr - rods Gr + 

COCCI 

300 

400 

500 1 

600 
fOO 

800 

900 

1000 

None 

60 

80 

10 0 

12 0 

14 0 

160 

1 

190 

20 0 

Hone 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

Few Cr + nnd 
6r- rods i 

0 

0 

Gr - rods Gr + 
rods and 

1 COCCI 

Ho ether 

1 0 

1 

Gr- rods Gr < 
rods und 

COCCI 
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(2) Also, a compaiison was made ot the bactexiostatic effect of etheiization 
with that of the antibiotics A 20 pei cent suspension of noimal feces m steiile 
distilled watei was centiifngated foi ten minutes at 2,000 i evolutions pei minute 
to thiow down the coai’se pai tides The supernatant fimd was lemoved and 
run 111 the angle centiifuge foi thiity minutes at 13,000 levolutions pei muiute 
Cultiiies weio made on blood agai and in thioglycolate biotli The materials as 
divided and one pait was tieated i\uth 15 pei cent ethei and the othei with varj 
ing eoiicentiations of the tivo antibiotics The etheiized poition was shaken for 
thiity minutes in the cold loom and left overnight, the ether was leiiioied bp 
suction the next morning Cultuies weie made in the media mentioned 

As may be noted m Table III, the ethei attenuated the development of 
aeiobie bacteiia on blood agai but did not leduce giowth in. the anaeiobic liquid 
medium On the othei hand, oiganisms weie mhibited on both types of media 
when piactically all of the antibiotic coneentiatious weie used 

Fioni the lesiilts both of titiations m monkeys and of the cultural tests, it 
seemed evident that the use of penieiUm and stieptomjcin would be advau 
tageous 111 the isolation of the poliomyelitis viius fioni fecal specunens Tbe 
optimal coneentiatious foi bacteiiallj’’ infected mateiial appealed to be 1,000 
units of penicillin and 20 mg of stieptomycm pei millihtei These amounts 
retaided bacteiial gioivth without leducmg the viius potency Theiefoietie 
method seemed sufficiently leliable foi use on human fecal mateiial 

Exi)e)ivient 5 Use of the Anhbiohcs tn the Pieparation of Human Feces 
Fiom Patients With Poliomyelitis — 

With Knoton Positive Feces — Befoie tiying this method on feces of ^ 
known viius content, mateiial was piepaied fiom a human stool that had yie 
poliomvelitis mi ns by the etheiization method This specimen had been ep 
fiozen in the diy ice lefiigeiatoi foi at least two months A 20 pei 
Sion in steiile distilled watei was divided into two poitious, one of w in- 
tieated wuth ethei by the afoie-mentioned method and the other 
bioties essentially in the mannei described under Bxpeimient 3, e\eep 
following differences The dilutions were 1 5, 1 10, 1 50, and 1 10 , 
units of penicillin and 20 mg of streptomycin were used pei null i ei o 
tion Cynomolgus monkevs iveie inoculated throughout the tJie 

different dilutions of feces treated by tlie two methods weie moo a 
animals intiaabdominally The untreated suspensions were given ui 


AfONlvETS ^ 

Table IV Comparisov of Virds Isolition Methods in CYimiioLGOS 

Suspension op Positive Poliomyelitis Feces ^ 


METHOD 

Etlienzition 

Penicillin and 
streptomycin 
Penicillin and 
3treptom>cin 


AMOUNT AND 
POUTE OP 
INOCUTATION 



30 ml 1 abd 
15 ml in 
30 ml 1 abd 
15 ml in 
1 ml 1 C 


Histopathologic sections on all paraljzed monkeys were posit!' e 
•i abd Intra-abdominal 1 n intranasal 1 c Intracerebral 
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A tliird senes of inonkejs nas injected intzaeeiebiallj uitli 1 ml amounts of 
each dilution of lects tieated zMth the antibiotics A& shouni in Table IV, onlj 
the monkey en the 1 10 dilution of feces became paiah zed aftei the etlieriza 
tion method, while the inimals pivcn all tluec dilutions (1 “> 1 10 and 1 50) de 
Teloped poliomyelitis aftei einjiloying the antibiotic technique No animals de 
\eloped pciitomtis uoi did au\ show e\idcuce ot a biain abscess when inoculated 
mtraceiebrallj It seemed appaicnt that btttei lesults wcie obtained in the 
isolation of the \iius by the antibiotic method than h^ that of etheiization The 
former was also siniplei and quickei to picpau 

With Feces Fiom Patients mth Suspected Pohomyelitis — Fecal specimens 
obtained during the fii-st week of illness were iccencd from eight patients Avitli 
suspected poliomyelitis Each sample was diluted in sufficient sterile distilled 
water to make a 20 pez cent suspLiision which was ttien centrifugated foz ten 
nimutes at 2 000 ie\olutions per minute to tluow down the lazgcr particles The 
supernatant fluid was zemo\ed About 15 mi wcic sa^c<l and fzozen in 3 ml 
amounts to be used foi the daily mtianasal instillations of CMiomoIgus monkos 
Tlio remainder of the niateual was put in the angle renfnfuge for thiz ty minutes 
at 13 000 ie\olutions pei minute in the cold room (9 to 10’ C ) The supez 
natant flzud was then kept fzozen m 10 ml amounts until needed 

Thizty minutes befoio the inoculations woic to be made 10 ml of the sus 
peusiou weic thawed zapidly and ticatcd witli 1 000 units oi buffered ez^stalline 
sodium penicillin G and 20 mg of stieptomycin ((■aleium chloride complex 
ileiek) pel millilitez Aftei leaMug the mi\ture foi thirtv minutes at room 
temperatuie cultures weze made on blood agai and in thioglycolate broth A 
monkey was then inoculated intia abdominally with 30 ml of the treated mate 
rial and intrauasally wth 3 lul of the untieated feces The same amounts were 
repeated daily o\er a five day peiiod until a total of 30 ml was guen into the 
peritoneal cavity and 15 ml by the nasal route 

Four of the eight monkeys de\ doped flaccid paralysis typical of polio 
™^elltIs within fiom si\ to eight days after tlie first injection They were sac 
nficed and suspensions of the cord were passed intiaceiebrally to monkeys, 
guinea pigs, and albino mice The passage monkeys hkeivjse developed symp 
toms of poliomyelitis but the othei animals remained well Histopathologic 
Sections of the fiist passage monkey cord showed lesions of poliomyelitis 

The results of these inoculations again indicated that the additions of peni 
ciihn. and stieptomycin in the quantities employed is a satisfactory aid in the 
isolation of the viinis of poliomyelitis fiom bactenally contaminated suspensions 

DISCUSSION 

Although the tieatnig of fecal specimens ivith ether in the isolation of the 
Pohomjehtis virus has yielded adequate results in determining the causative 
3gent in an outbreak of suspected poliomyelitis, there is always the risk of losing 
^loukeys from peiitonitis e^en if the bacterial counts seem negligible If the 
peritoneal route is omitted and one depends solch on the mtranasal instillations 
quantlt^ of material administered may not be sufficient unless the time 
period IS increased Therefore it is gratifying to find that one can satisfac 
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toiily add penicillin and stieptomyein in the afoie-mentioned amoiiuts to fecal 
01 othei bacteiially contaminated mateiial suspected of containing the vinis of 
poliomyelitis 

In attempted isolation of this mi us fiom fetes obtained in an earhei out 
bleak, five out of twentj-two monkej's (22 pei cent) died fioni peiitonitis after 
intia-abdominal moeulation of etheiized specimens Aftei inauguiatmg the 
antibiotic method, no animals de\ eloped pciitonitis out of the twenti five tested 
mtia-abdominally, and none of the monket's had a biam abscess aftei iiitia 
coiebial injection of tieated mateiial In appljing this method, hovevei, it is 
essential that the penicillin and stieptomj^cin should be added to the fecal sus 
pension aftei elaiification in the angle centiifuge at 13,00t) i evolutions pei mm 
ute The viiiis is not sedimented at that speed and this type of machine mav he 
available in most viiiis laboiatoiies that do not have an ultiacentiifuge This 
method gieatty i educes the time of piepaiation because the antibiotics leact 
quickly and it is not necessaiy to leave the mivtiiie in contact foi iiioie tliaii 
tliiitv minutes 

As shown 111 the foiegoing evpeiinients (Tables I and IV), there is appai 
entlj" no loss of viius potency because it may be lecoveied even after dilution 
of a fecal specimen 1 50, wheieas the results were negative with this dilution 
when the same sample was tieated with ethei Theie is sufficient evidence to 
show, theiefoie, that 1,000 units of penicillin and 20 mg of streptomvcin pei 
niillilitei do not matei rally inhibit the lecoveiy of the poliomyelitis virus mm 
contaminated mateiial even though m a compaiatively low concentiatioii 

Aftei this woik was completed it was of inteiest to leain that Melmck ha^ 
been adding these antibiotics to human feces piocessed ni the ultiaceutii 
and that Coiiia^® in Cuba also had been adding penicillin to fecal specimens m 
satisfacton results in the lecoveiv of the poliomyelitis virus 


SU JIM ^ 

It has been found that a mixtuie of 1,000 units of penicillin 
stieptomyein pei mrllilitei of material are the optimal ^pj^elibs 

the inhibition of bacterial giow'th and the isolation of the virus o po 
f 10111 fecal specimens de 

A method of isolating the mi us from contaminated material Im^^^ 
scribed wdiich has proved to be quickei and more efficient than le o 
zation procedure , ^ jjjj 

Wheieas pieviouslj five out of tw'enty-tw'o (22/ per niethoA 

de\ eloped peritonitis after intia-abdominal inoeulatioii by t e ® 
none of the twenty-five animals was lost after treatment of the sus^ 
the antibiotics, and the same material could be used effective j 
cerebral route as well , d to a 1 

The antibiotics did not prevent paralysis in monkeys when a e ^^gpensioit 
dilution of the MV strain, to a 1 1,000 dilution of MV virus an ^ 
to a 1 10 dilution of hW virus and feces, or to a 1 50 dilution o 
tive fecal specimen 
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With the iici< method, the unib ol polionnclitis u ib jso/ued fiom lom out 
of cioht (50 pel cent) humnn letes tiKen duiuio a itccnt oiitbienl of polio 
nnelitis 
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THE EFFECT OF COMMERCIAL HEPARIN ON THE 
PLATELET COUNT 

E Fidlvr, B A, MD, vnd L B Jaques, M A , Ph D 

S\SK.VTOON, S.V.SKATCHE\V.VX, CANADA 

C OPLEY and Robb^ obsei\ed that when hepaiin was added to dog’s blood m 
\atio, it failed to pieseiwe the blood platelets This was in contiast to the 
action of citiate which is piesnmed to pieseive platelets because of its anticoagu 
lant piopeities The platelet count was loweied shaiply within fiie minutes and 
aftei twenty-foui liouis showed i eductions of iioni 30 to 100 pei cent Since 
the effect of heparin inci eased with its eoncentiation and since Coplc} and Robb 
also found that intiavenous injections depiessed the platelet count, tbeie was 
indication of a diiect action lather than a simple failuie to pieseiie the p ate e s 
fiom unfa\oiable conditions es. vivo This obseivation is of impoitance in con 
sideling the effect of hepaiin in the pievention of platelet tluombi n a 
couree of othei studies on hepaiin, we have been able to confiini an e\ en 
obseiiations of Copley and Robb, and in a peisonal communication roni 
A J Quick we leain that oui lesults on dogs agiee m geneial with some ret 
findings at his laboratoiy ® 

31ETHODS 

Platelet counts ntre made from blood t ikon into Kces and ® modified 

mixture recommended by Tocantins^ ind the tcclinique of counting n as m ^ ostimates 
by the use of 5 per cent urea solution as described bx Pidlar an a counted 

of leucocjtes could also be made in the sinic chamber m nine i tie ^ ^ sing 

Agglutination iias estimated bj counting clumps of three or more m on platelet 

as a percentage of the total platelet count In studjing the influence o Feld tid 

outside the bodj, the silicone technique w is used as described bj of heP''''"'* 

incl Macdonald- in order to ininiiiiue the effect of foreign surfaces on ^ mg of 
is expressed in Connaught anticoagulant units This is the actiiitj 
crjstalline barium salt or 1/110 mg of the sodium salt of beef hep inn 


RESULIS ^ 

In a senes of expeiiments designed to study the of 

vaiious doses ot the diitieoagulant tteie injected into dogs m ^gj Att® 
injections on led cell, white tell, and platelet counts is s lown ni 
tion IS directed to the following points leacbeJ 

(1) A fall in the platelet count occuned in all instances ant 

a level of less than 10 per cent of the nunibei before rnjection ,is 

(2) Frftj unrts per krlogranr had as marked an effect mm or no 

rrnrts per kilogram had rrr another, snggesturg either nr I'l 

f Toronto Toronto Cana 

From the Department of Phvbiologj University ^Ljav.toon 
Department of Phjsiolo^y Uni\ersit> of Saskatchewan 

Received for publication Julj 30 1948 ij-oron^^ 

•See p 1424 Researrh ^strup- 

i-All the heparin c\as supplied b> the Connaught Me c jjmdness ot 
Ont, except one sample of Danish heparin obtained throUr, 
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ETiEOT OF C03IMERCLVL JinPVBIN OV PH.TELET COUNT 


1-ill 


correlation betneen dosage and tin, cNteiit of effect pioiided tlie dose nas bej ond 
some minmiuin and gi\ cii m a single injection 

(3) Agglutination of the platelets appealed in all samples taken tno and 
oue-balf mmutes to more than one lioui aftci injection but clumping under ten 
per cent was not legaided as significaut 

(4) After single injections the count nould recovei fiom the initial fall 
but continuous injection nould hold the count doira although not at as Ion a 
IltcI as folloned the first injection 

(5) On the nhole, the leueoettes deolmcd and returned parallel mth the 
platelets aftei single mjeetions but icmained at a lower level nitli continuous 
injection 


T\DtB I Cell Colnts \.>tei 1ntrv\e\ois l\jf«Tio\ ih Iln \ra\ is the Doo 


FXPERI 

HEPAItlV 1 

(X3MTS/KO ) 1 

1 TIME 1 

p B 0 /r M 

X 1 OOO 

lu U < MM , 

1 1 nuu 

j PLATELE 

< 1 000 ! 

TS/C MM 

\GGLLTI 
> VTION 
(Vc) 

«>«> 

oOO 

Before 

o jSh 

12 1 

49p 

0 



nun 

0 o!)4 

J2 

13o 

oO 


500 

Before 

4 703 

0 4 

3v6 

0 



nun 

4 9t)0 

3 0 

143 

o9 



lo mm 

4 '81 

2 0 

148 

12 

*> 

500 

Before 

5 206 

SO 

31b 

0 



lo mm 

o213 

f 0 

.09 

10 

24 

100 

Before 

5 794 

100 

295 

1 



o min 

o781 

o 2 

20 

24 



’’7 mim 

5 981 

91 

228 

3 

‘>0 

1500 

Before 

j369 

85 

341 

0 



3^/. mm 

o303 

1 8 

U 

27 



oO nun 

6013 

38 

115 

42 

30 

oO 

Before 

4 22o 

0 7 

295 

0 


Tlien b} 

4 nun 

3 i56 

>0 

21 

67 


cont mi 

SO min 

4 2^1 

31 

107 

60 

7 

50 

Before 

0 306 

98 

397 

0 


Tlien bj 

4 mm. 

0344 

38 

39 

48 


cont mj * 

Go mm 

5 GiO 

38 

234 

27 



407 min 

0 881 

14 0 

203 

21 



17% hr 

0 400 

25 0 

191 

0 



iftor 







cont mj 







ceased 





9 

30 

Before 

6o00 

101 

3oG 

0 




0 250 

12 5 

178 

32 



30 mm 

6 094 

ISO 

298 


16 lA 

I 000 U /Wfr 

Before 

4300 


90 

0 


iniecteil 

2 mm 

4 500 


pO 

0 


m 1 sec 

5 mm 

4 700 


50 

20 



10 ram. 

4 500 


50 

50 



00 mm 

4 600 


85 

0 

K>-2 

1 000 u Aff 

Before 

5 400 


120 

0 


injected 

3 ram 

5 000 





m 1 sec 

10 min 

5 000 


115 





5 400 




IG IB 

1 000 u /kjT 

Before 

5 000 


142 5 

0 


injected 

2 min 

4 800 


50 



in 1 min 

5 mm 

5 000 






10 ram 

5100 


60 





4 500 


8o 





00 ram 

5100 


120 



Continuous Injection of 1 unit per kllosram Ptr minute 

In the nrst eight experiments platelet counts tiere made in the 1/10 dilution -nlth urca- 
In the last three experiments platelet counts >>ere made In the 1/100 dilution 
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OC OC tc “C « •< 



30 



10 


20 


40 60 80 100 120 140 160 180 200 220 810 260 280 
TIME AFTEK INJECTION 


Fib 1 


The eftects of contimioiis injection suggested that as oiio 
inained in the blood stieam the counts would lemain hepaim co'* 

fuithei investigation in an expeiinient shown in Fig 1 iii '' jloiikhouse, 
centiation in the blood was deteimined by the method o aq mpa 

and Stewaif^ Foui inilligiains pei kilogiam of ^ygsthesia Clo* 

venously into a dog weighing 6 7 kilogiains undei pentobai i a blood hoi’i 
ting times weie deteimined by the method of Lee and ^ T^latelet count icll 
the exposed fenioial vein Aftei injection of the hepaini ^uth tli® 

to one-thud of the initial value and then lose again, mouno j-jiclets reco' 
hepaiin in the blood It will be noted, howevei, that w liepaim 

eied to 80 pei cent of the oiiginal count, theie was stil enoio 
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T\ble II Effect op Injfcth> Hci vrin on the Pl<\teeet Coint in L B J 


HEP rIN j 

TIME moM 

1 R.B C /C MM 

1 PL.VTELET8/C MM 

fiX)T 1123^ I 

INJECTION 

1 X 1 000 

1 X 1 000 

40 umtVJig 

Before 


2oo 

intravenously 

4o MC 


190 


7 min 


15 J 


30 min 


2oo 

40 units/kg 

Before 

oOOO 

180 

'»ubcutaneouslj 

a nun 

oioO 

100 


1 hr 

4 >00 

120 


iV lir 

4 000 

00 


5 lir 

J 000 

110 


23 hr 

> OjO 

150 


4'’ lir 

0 1 

18o 


Coun 8 made In the 1/100 dilution 


to prolong the clotting time to nioie than fi\c houis This extension of the anti 
coagulant action be\ond the effect upon platelets will be discussed latei 

Table II sho^^s the effect of hepann upon one oL us (L B J ) when admin 
istered both mtia\enously and subcutaueoush Thelittei loute mereh delated 
and piolonged the tluomboc3topenia 

Coplej and Robb* showed tint when mixtuies ot liepatui and blood wore 
stored m \itro, the greatei pait of the fall in the platelet count took place in the 
first fortj or fift'v minutes when eompaied with counts obtained at foitj eight 
hours lu the hope of securing fuitlici infonnation wc made obsenations on 
blood handled by means of the silicone technique Undei pioper conditions and 
'\ithout the addition of any anticoagulant it is sometimes possible b> this method 
to obtain blood in wluch the platelet count lemnins piacticall} unalteied foi 
tbirtj minutes Blood iemo\ed with a silicone sjniige was transferred to small 
beakeis coated with silicone and containing \ar>ing quantities of hepaiin Since 
the controls with saline alone could not be used bo^ ond thirta minutes controls 
in citrate weie used in some instances Poi stoiage tlie mixtuie was pouicd into 
a silicone test tube stoppered and placed in the refrigerator In a few experi 
inents a a furthei eontiol Iilood was also jilaccd in a beakei without a silicone 
■surface 


ilan 


Dog 


Table III Bi^ou wu IlLPvriN MiNEa in Silicone Vessels 


PLATELET COUNTS IN rlllST SAMPLE AFTLU AIIXINQ 

CONTROl MIXTURE j HEl \R1N MIXTl RE 

1 PIJVTELETS/C mm I 

1 X 1000 1 UNIT/OC 


Siiline 

220 

140 

Saline 

190 

12o 

S lime 

l3o 

120 

Citrate 

312 


Citrate 

312 

19 

Citrate 

312 

21S 

Citrate 

312 

232 

Citrate 

310 

284 

Citrate 

310 


Citrate 

306 

256 

Citrate 

306 

261 

T>rodo s 

294 

266 

Salmo 

120 


Saline 

115 

55 

Saline 

195 

100 

Sahne 

100 


Siilmo 

185 


Saline 

140 



10 
10 
100 
01 
1 0 
10 
100 
10 
100 
10 
100 
100 
10 
10 
10 
10 
10 
10 
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Table III gives a suininaiy of samples taken as soon as possible aftei mix 
tuie in silicone vessels The time of sampling xvonld vaiy flora a few seconds 
to about three mmutes depending upon the manipulations lequued in different 
experiments In only tliiee of the fifteen examples did the count of the hepann 
mixture coiiespond xvith that of the eontiol mixtiiie xvithm the eii'oi of tlie 
method, and ui txvo of these it xvas lowei than the value foi the eontiol This 
demonstiates the pioniptness of the hepaiin’s effect 

T XBLE IV Effect ox the Platelet Count op Mixing Hepakin vnd Blood in 

Silicone X'^esseis 


IIEPAUIN AND HUMAN BLOOD IN SIIICONE VESSEI S 


EXPERIMENT A 

1 EXPERIJIENT B 

1 bXPLRIMENTC 

HEPAKIN (lOb /C C ) 

1 UEPAUIN (10 U /C C > i 

SAT \\h 


TIME OP 

platelets 

time op 

PLxVTELETS 

PLATELETS 

time of 


S \.MPLE 

X 1,000 

sample 

X 1,000 

X 1,000 

SAMPLE 


Immed 

125 ( 4%)* 

Immed 

140 

220 

Immed 

120 

3 mm 

105 ( 5%) 

3 mm 

100 

225 

7 mm 

70 

10 mm 

120 (18%) 

7 mm 

60 

105 

15 mm 

75 

16 mm 

80 (12%)) 

15 mm 

85 

255 

24 hr 

50 (30%) 

23 hr 

110 (22%,) 

30 mm 

85 

130 

48 hr 

70 



24 hr 

70 

Clotted 





HEPARIN AND 

CANINE BLOOD IN SIIICONE AND PLAIN GLASS VESSELS 



SIIICONE 

1 SILICONE 

1 SILICONE 

1 SIMCONF 

1 SILICONE 

1 PL-ilX CEi'iS 


HEPARIN j 

HEI VRIN 

HEP VBIN 

HEPtRIN 

CITRATE 

1 HEPtRIN _ 


(0 1 U /C C ) 1 

(0 1 u /c c ) 

(lOU/CC ) 

(lOOU/CC ) 

CONTROL 


TIME OP 

PLATELETS 

PLATFLETS 

[ PmVTELETS 

1 PLATELETS I 

PLATELETS | 

platelets 

SAMPLE 

, X 1,000 

X 1,000 

j X 1,000 


— nwiiM 



Immed 
10 min 
30 mm 
3 hr 
24 hr 
48 hr 
72 hr 


Immed 
12 min 
33 min 
3 hr 
24 hr 


Immed 
3 min 
7 min 
15 min 
30 min 


Immed 
6 min 
23 min 


Experiment D 


Immed 
9% mm 
30 min 
2 y 2 hr 
24 hr 
48 hr 
72 hr 
1 l\k 


220 

192 (15%) 
225 (11%) 
V (42%) 
Clotted 


319 

249 (21%) 
326 (51%) 
193 (39%) 
62 ( 9%) 
Clotted 


218 ( 3%) 
204 (38%) 
150 (80%) 
97 (54%) 
152 (30%) 
189 (19%) 
210 (14%) 
108 (14%) 


232 ( 2%) 
190 (16%) 
116 (76%) 
59 (84%) 
99 (57%) 
122 (62%) 
200 (41%) 
S7 (29%) 


31 2 270 ( 7(^) 

325 ( 5%) 239 (51% 


184 ( 4%) 
231 (24%1 
256 (12%) 


81 (59%) 
170 (65%) 
122 (25%) 


205 ( 5»> 1 g»j 

150 (m 


Exi)enment E 


284 

191 (74%) 
129 (67%) 
128 (51%) 
27 (27%) 
60 (12%) 
41 (17%) 


294 

103 (85%) 
55 (80%) 
93 (83%) 
73 (27%) 

104 (32%) 
95 (17%) 



210 (26%) 252 (51 /O’ 
178 (51%) 

174 ( 40 %) 1 ^ 

200 ( 247o) W 
187 (24%) 101 (/‘ill 


Experiment F 



261 (71%) 325 ( 3%) 205 (5(^«) 


250 (93%) 2bb (20%) Ml [gj 


109 (91%) 239 (25%) — 

199 (86%) 290 ( S^c) jg" [22%! 


256 (77%) 

109 (93%.) 

126 (859o) 

159 (43%) , 

219 (40%) 195 (3/%) _ 

Experiment G (Sahne in Place of Vitiate C ontrol 

S < h”o“ 

45 (33%) IlOf 

120 (8893) 

130 (77%) 

Exvenment TJ fTnrnfIp.’x Rnhitinn in Place of CitrotoJ ^ — — 

— -'M6 ^9f 

229 (49%) 10a 


108 ( 75 %) 


•Percentages in brackets are agglutination 


In Experiments ABC and G platelet counts were made 
In BNperiments D E F and H platelet counts were made in 
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Table IV gi\cs the lesults obtamccl lu htei samples aud atteution is directed 
to the foUoinng points 

(1) The dcclme initiated at miNiug iias continued to a Iom point depending 
on the tune of sampling but iinmg liom tliiec iiiiniitcs to tweuti fom hours 

(2) In some instances a iccoieit ociuiied from this low point winch could 
hirdi}' be accounted for on tlie basis of iirc^iilai sampling 

(3) Citrate controls obsei-ved foi twenti lout hours oi moie in thiee e\peri 
meats showed a simdai decline and iccoicii but less marl ed Eieii a control in 
sabne would sometimes show this withm tin halt hoiii although the red and 
white cell counts were wuthin the erroi of the method 

(4) .Vs m the eNpeiinieiits in mo there appi ned to In an indnidual tail 
abilitj 

These findings laise seieral points ot inteiest which will be discussed latei 

Table V Platelet Counts AprEa Heparin in \i\o vm When Hepabimzlt) Blood Is 
Added to Pbesii Hep win (10 Lnits ccjiN'-m nf \ ensels 
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As a fulthei test of the eftect of hepaiin on platelets, a compaiisoii was 
made of the counts in m\o Mith counts on the same blood ex viio Using the 
silicone techmciue, blood fiom a dog uas added to hepaiin in a beakei and then 
hepaiin was iiyected into the same animal to bung the concentiation m the 
ciiculating blood to appioximateh that in the beakei An houi latei another 
sample of blood was Mithdiawn and added to hepaiin in a silicone beakei The 
results foi tc\o expeiiments aie shown in Table V Heie it will be noted that 


(1) The leduction that oetuiicd uiiniediateh attei mixing the firet sample 
in the silicone \ essel continued to a low point at seven minutes and reached a 
lecel appiOMinatmg that found three minutes after injection into the animal 

(2) Blood diawii fiom the hepaiinized animal did not show the usual re 
duction in platelets imniediateh aftei mi\ing with fresh hepaiui m the beaker 

(3) In the second e\peiiinent tliiee siiccessue injections were each followed 
bj a shaip decline in the platelets although at the time of the last two mjectioui 
the blood wms incoagulable 

(4) The counts in the second animal at the time of each injection were at 
sueeessuel’v lower leieLs and declined less with each siiccessue mjeetion 


Platelet counts were made bj* one of us (E F ) m connection 
ments on hepaim at Toronto in 1938-1941 On one occasion samples ot o 
which weie taken into hepaiin instead of loimaliii-citiate gaieimexpece 
low counts togethei wuth clumping As a consequence, this technique was ne 
repeated On the other hand, there were e\peiinrents nr which samp es o 
which had been taken ten or fifteen minutes after injections 
no significant drop, although in the light of present expeiience some ^ 
would hare been expected These tacts, togethei rvith some 
oui results and those of AViight,® to be discussed later, raised tie 
differences in samples of heparin and the possibility of an 
meieial pioduct we were using No evidence of the latter possi 1 1 } ^ 

111 fractional precipitation witli biucine Tlieie was no concentia 
glutinating actuity in any one fiaction ^\itei discussing the eai 
with Dr A M Fisher^ and Dr A F Char les,Mhey very kmdlv 
tain expel imental lots for compaiison wuth the ^ Leo 

through the kind cooperation ot Dr Tage Astiirp a sample o ^p^^^ 
obtained in powder form and w'as compared with a similm pro 
Chailes The results of this study are contained in Table ^ 

Heparin I, the eonrnrei cial sample, was alieadj m 
with 0 3 per cent tiiciesol as preset yatiye Samples II to "aanipks 
lots, but II differed from III only by the absence of tnciesoi 
VIII weie fleshly dissolved in 0 9 pei cent saline with 0 
were used within an horn after solution Sample VII ii^sar 
imlligianr and sample VIII, the Hepaiin Leo, 100 units iflO urn's 

samples w'eie gryen intiayenously to dogs under and at apP^’ 

per kilogram, and platelet counts were made before mje adjustw 

nratelj four, ten, thirty, and sixty minutes afterwards T e o aie ap 

to the same basis lelatne to the eirthioeytes The fol orvn o 
parent in Table VI 


•Connaught Laboratories 
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(1) One animul, C nas distinctly moie sensiticc than the othei thice 

(2) With one esception the iniMiiuim agglutination coincided uith the 
lowest count 

(3) With one esccptioii the lowest count was obtained in the flist sample 
after injection 


TABIE VI Pi ITELIT ASD LECCOCSTh COUNTS WlTII Dll-tfREST SuiPICS OF Htl \ItIN UllEn 
lNTR.UL\OUSL\ TO DorS 


X 1 oool 


59 

348 


0 5 
186 
‘oZ 
46 
6o 


04) 

171 

’S 

”44 
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(4) The shaipest reaction occiiiiecl with the conimeicial sample of liepaun 
and was accompanied by a definite leucopcnia 

(5) Some e\peiimental piodiicts given in the same dosage of anticoagulant 
units as the conimeicial one had much less effect upon platelets 

DISCUSSION 

These lesults agice with those of Copley and Rohir that the injection of com 
meicial hepaiin into dogs wull cause a tiansient thionihocjtopenia Tins lesult 
also has been found in man, as one of the aiithois (LB J ) deinonstiated upon 
himselt Coplev* has found platelet emboli in the labbit and liamstei following 
injection of hepaiin Hence the phenomenon appeals to be a geiieial one, al 
though 111 mice Copley and Robb- did not demonstiate the platelet change as 
cleaily as in dogs In the lattei the\ found the ma\imum thiomhocvtopenia to 
be about 40 pei cent, w'heicas in seven ot oui dogs the deciease leaclied 90 per 
cent 01 moie This maj be due to the fact that thou samples weie not taken 
until twenty-six oi moie minutes aftei injection, altlioiigh m thiee of then am 
mals studied at shoitci inteivals the low'cst platelet count occuiied in the m 
twmntv minutes 

The lowest counts in out expmm'cnts ajipeaicd ■\vithin thiee and 
five minutes aftei mtiavenous injection A slow late of injection, 
pel kilogiam pei minute, was piactically as eftectne as a lapid late, 1, ^ 

pel kilogiam pei second Li the human subject, subcutaneous adminis i 
appealed to delav and piolong the eftect of hepaiin but not to abo is ' 
tinuoiis injection at 1 unit pei kilogiam pei minute held the platelet 
though not at the low^ point leached by a suigle injection Diimig 'c^ 
when the blood ivas incoagulable fiom one injection of hepaiin, ‘j 
tioii would again dcpiess the count In the fiist expeiimeiit, m Ta e ^ 
of 1,000 units pel kilogiam w'ould piolong the clotting time to a mi 
but the count in this animal letiiined to noimal in one hoiii spite 

the expeiiment showm in Fig 1, the letuin of the count was moie g,j 

of the laigei dose This is anothei example of the iiidividua 
coiintei ed among dogs, but both instances fa\ oui the idea t 
niaj'" lendei the hepaiin innocuous to platelets without mhibitinn jutercst 
lant powei, oi that the agglutinating action is a weakei piopeity 
ing that the hepaiinized blood, diaivn fiom the animal m Ta e > ^ ^ 
to flesh hepaiin in the silicone beakei did not show the iiimie la e jggjgtaiice 
lets commonly found with noimal blood This might mean gie^ due 

acquiied by the platelet oi pei haps the disappeaiance of sensi ne 
to the injected hepaiin , , jg upon 

On the question whethei the extent of the be seen tkn* 

dosage, oui data do not suggest any coiielation In Tab e i ' perk*)® 
theie was piacticaUy no diffeience m the extent of lesponse o m the 

giam in one animal and 1,500 units pei kilogiam in aiio uitk tko 

lattei instance theie is evidence of a moie piolonged effec i c Copkf 

piecedmg expeiiment wheie 100 units pei kilogiam weie variab’''" 

and Robb’s- lesiilts and oui own the dilfeienees point to nic 
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In Mtro ho\\t\ei, whcie the same sample of blood can be used uilh \ai’jing 
(loses Copley and Robb* showed that m sticngths fioin 0 05 to 100 units per 
cubic eentimctei the platelet count deci eased as the hcpaim increased VIso 
they noted that this effect of hepaim did not appeal when it was added to 
citrated blood 

The mechanism of the swift disappeaiaiiec and letuni of the platelets fzom 
the general eiiculation is not eleai The appeaiance of clumps of platelets in 
blood samples taken soon after the injection suggests that a filteimg out of 
clumps in tile capillaries is the cause of the sharp fall in m\o But actual Ijsis 
niaj also bo a possibility , and the increase in idlicsi\ eness leading to agglutina 
lion may be merely an eaih stage of lysis Wright® in hei study of adhesne 
nesu noted only about a 10 pci cent decline in tiu count in eighty minutes when 
usmg heparin with blood in paraffined tubes It is admitted that our method 
of estimating agglutination is only a lough approunntion but if the data of 
Experiments D, B, and T Table IV, aie e\amined it w ill be noted that the nia\i 
mum agglutination occurred in the ten or thirt\ minute samples W^^here the 
beparm used was 10 units jicr cubic eentinietei or more considering samples 
only up to thiee hoiU’s, the maximum agglutiintion either coincided with the 
lowest count oi appeared in tlic sample immedntel\ jutceding it All samples 
of twenty four hours oi latei showed a decline m agglutination fioni the maxi 
mum This corresponded with a rising tcndenc\ in the counts in t^vo of the 
blood specimens (Expeiimcuts D and F), tliough in rxpenraent E the counts 
tended to remain lo\r This inclines us to the opinion that clumps can break up 
again, especially in the luiiio animal where there ma\ be some factor tending to 
tteutralize the heparin effect as suggested m Tabic 5 On tJie othei hand we 
baie observed in late samples laige clumps in whicli it ivas impossible to count 
iiubvidual platelets and which ga\e the suggestion of coalescence as tJiough un 
^ergoing a slow form of lysis 

Eysis is also suggested in the mixtures m silicone because samples taken 
smiultaneously from the centei, bottom and side of the beaker gave counts which 
were all within experimental error Foi example in one experiment the count 
the center of the beaker was 100,000 from saline 80 000 after tlirec mm 
m hepann, and 45,000 after thirty minutes in hepann Other samples 
tsken at the same time from side and bottom were within plus minus 5 000 per 
cubic millimetei If the decrease in tlic count were due to settlmg of clumps or 
tbeir adhesion to the walls of the vessel one would expect a greater variation 
Agamst the idea of lysis of the platelets as a major factor m the declme 
first, the very rapid recoveiy and, second the absence of any symptoms 
^bich might be expected from materials known to be present in platelets (tluom 
uplastin vasocoiistiictor substances, and so on) 

The lapid return of tlie platelet count m some of the expcnnients m vivo 
^vas remarkable In some cases aftei declining 60 to 75 per cent it reached the 
uormal level again within an hour This scaicely can be due to new foimation 
platelets Lawience and Valentine*'’ estimated production in the cat to bo 
^uout 1 600 to 2 800 pel cubic millimeter per hour Tocantins** found 40,000 
per cubic millimeter per liom following splenectomy but this rate could hardly 
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be expected tiom. noimal bone inaiiow A count using fiom 20,000 to 228,000 
in thiity-two minutes (Table I) does not look like new foimation It maj be 
noted also that since the count befoie hcpaiin i\as 295,000 no gieat destnietiou 
bj’- Ij sis is indicated 

The fact that the leucocytes tend to decline when the platelet count isiei') 
low suggests that they also aie caught ivith the platelet elumps m the capillaiies 
In one expeiinient, fleshly diaivn blood was mixed with hepaim in the syiinge, 
placed in a plain glass test tube, and kept fifteen minutes at body tempeiatme 
befoie lemjeetion Aftei the blood had been diawii back mto the syimge, it was 
found that the wall of the tube had a deposit of fine gianules wdueh, when 
washed off in foimalin-citiate, pioved to be platelet clumps Many of these were 
adheient to leucocytes 

It IS unlikely that tlieie is any direct destiuctive action of heparm on the 
leucocytes since counts of the lattei weie made on all samples m Expeniiients 
D, E, and P (Table IV) and failed to show the paiallelisni with the platelet 
counts usually found in vivo 

The silicone experiments lequiie tuithei consideration They weie planned 
as contiols of the in vivo expeiiments on the assumption that since contact wi i 
glass could be avoided, the conditions outside the body voiild lesenibe tiosc 
ivithin The data did not suppoit this assumption The citrate contiols in sili 
cone listed in Table IV showed a 41 and 44 pei cent reduction in two cases an 
27 pel cent in the thud wheie the citiate was laised to 3 8 pei cent o 
mixture In anothei expeiiment not shown, an oxalate control in pain o 
ga\e a 40 per cent leduction Wheie hepaiin was the only anticoagu an pies 
at 10 units 01 nioie per cubic centimetei, the platelet fall m silicone , gj 
56 to 75 per cent in Expeiiment D, 81 to 90 pei cent m Expeiiment 
to 66 per cent in Experiment P, so that the decline m all three was 
gieatei than with citrate oi oxalate A plain glass surface ^ found a 
uniform stimulus foi platelet change, and in tests ivith hepaim ng 
reduction of 55 per cent to over 70 per cent coiiipaied with 
paraffin control We found it lathei suipnsiiig, theiefoie, t a 
sufficient difference betw'een plain glass and silicone vessels to justi y 
that the character of the suiface is an important factor m the ^ 

lets w'hen anticoagulants are present This result, together wi gg,{aiii 

ences with sibeone, leads to the suggestion that at the moment o nii^^ ^^jitmued 
changes affecting the platelet already may have been initiated an a 
even though at a retarded rate and to a limited extent a tei 
anticoagulants technique 

It should be pointed out that good blood samples for the si c ^ 
are more difficult to obtain from dogs than from human i’ Since 

phasized by the' careful experiments of Patton, AVaie, an between 

Wright’s tests w'eie made with human blood, the differences nia' 

her results and ouis may be related to this fact Anot ei evidence 

be involved is suggested by"- the w'ork of Biinklious” who as P imagine 

of a plasma factor necessary for the lysis of platelets, it is no receivn’g 

agglutination as a related phenomenon In expeiunen 
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Dicumaiol but not recoided here, we ha\e noted marked differences in the le 
sponse of platelets from diffeient animals to the same dose of hepann in \itio 
It 13 GMdent, theiefore, that these e\peimicnts with silicone cannot be regaided 
as simulating conditions iiithin the blood \cssel Besides the changes in the 
blood incident to its iemo\al, such factois as mixing and eaibon dioxide tension 
aro quite different in \itio compared Aiith iii \ no 


One of the puzzling featuies of the ex \no expeiimeiits, illustrated m Table 
ly, was the return of tiie platelets aftei an initial decline when the blood mix 
tures were followed foi twentj four hoiiis or longei This did not occur in all 
blood samples as for example, in Expcrmient E where the count lemained eon 
sistenth low from twenty foui to se\cnt\ two hours E\en o\er shorter peiiods 
of time late samples might show increases over eailmr ones as in Experiment G 
and occasionally e\cn a saline contiol in silicone miglit show it as in Expeii 
ment B Undoubtedly this was paitly due to uneien distribution but the counts 
of red and white cells made at the same time did not show such wide \anations 
Tho decline in agglutination suggested one leasou for an mciease but the plate 
lets m the aging blood could not always be recognized as old and indeed one had 
to consider again wiiethei platelets can be foimed fiom red cells 

In Schillings **ideal” red cell a re\iew of which is gnen bj Ulpts “ two 
structures are indicated which easil> ina^ be counted as platelets, and indeed 
one of them was so labelled by Schilling Occasionalh the ghost of a red cell 
surrounding such a structure will enable one to elimimte it from the count, but 
it is possible that the mclusiou of some of those Seliillmg bodies maj be partlj 
wsponsible for tho use of the count m late samples But tliere cannot be a great 
nianj of these ideal” eiytliroejtes because platelet counts made by the use of 
0 per cent urea solution whicli Iiemoljzes red cells showed general agreement 
jvath platelet counts made in tlie usual formalin citrate mixture being sometimes 
ower and sometimes Ingliei Since tho use of urea allows a dilution of only Ym 
of the blood sample while the other count is made in tlie Koo dilution there was 

0 mucli gieater chance of the former showing an increase if many eiytlirocytes 
contaming Schilling bodies \\eie present Rees and Eckei* called these refrac 

1 G structures Arnold bodies, and the addition of fonnahn to the 3 8 per cent 
sodiiun citiato which they recommended made the laking of led cells less fie 
quent Iriegularities in platelet counts made in the ’/loo dilution suggest that 
he red cells may interfere Mith a free distribution of platelets clumps aro 
present and the error is multiplied when eompaied iiitli the loner dilution For 

B reason reliance has been placed on the count made m the urea solution and 
■e rallies given in Table VI weie so obtained 

With legaid to Table VI it should be pointed out that the barbiturate maj 


ha\o 


some slight influence on the figuies The effect of this tjpe of anesthesia in 


loneriiig the erjtlnoeyte count is well loionii Dunlin 1941 1942 in some e\peri 
™Gnts that were being made at Toionto by Dr R E Haist on surgical shock, 
Gho of U3 (E P ) noted the usual reduction in red cells following the baibiturate 
hut found the platelets were not reduced in the sime proportion This has the 
ruect of a relative increase and is quite definite when eompaied w ith preancsthetie 
counts There was an indication that a slight relative increase might continue for 



1422 


FIDLVR VND J VQUES 


a tune in successive samiiies aftei anesthesia This may be the leason why in 
Table VI some of the expeiiments show at thiity oi sixty minutes a higliei count 
than the initial one AVe mention this as a caution in case this mciease be inter 
pieted as inci eased pioduction in immediate lesponse to the hepaim Theaiics 
thetic avoids the excitement incident to the talang of each sample m iiiitiamed 
dogs, and since the nnpoitant count is within five minutes aftei hepaim and is 
usiiallv only a tew minutes attei the initial count, conditions appeal nioie 
faiouiable toi a compaiison between difteient samples of hepaim 

Platelets aie sensitive to nianv loieign mateiials and it should be lecallcd 
that the synthetic anticoagulants studied by Astiup and Pipei'® also caused 
platelet agglutination, but the fact that hepaim bungs about this phenomenon 
has the appeaiaiice ot a physiologic contiadiction The foiniation of platelet 
emboli does not seem to haimoiitze with the pieyention of platelet thiombi Hou 
evei, the yeiy act of puiification may cause comnieicial hepaim to diffei fioni 
that leleased within the anmial bodi The lesiilts shown in Table suggest 
that nioie woik is lequiied betoie platelet agglutination can be accepted as a 
piopeiti of natiual hepaim 

The effect of eomincicial hepaiin on platelets lesembles its effect on clido 
niicioiis seen in studies ot lipeima by Waldion and Piiediiiau” It is possi e 
that theie is some common undei lying factoi foi both these actions 


SUiniARY 

Heiiaiin on intiaienous injection m man oi dog may cause a briet 
eytopenia In dogs this may leach 10 pei cent of the oiigmal count, 
theie IS indnidual yai lability^ The fall in the platelet count is 

lepeated injections The decline is also obseived y\ hen hepaim is a ® 

m silicone yessels Some expciimcntal lots of hepaim in the same 
anticoagulant units have showui much less effect upon platelets than le pi 
commeicial pioduct 

The authors are greatly ludebted to Dr C H Best for his interest, to M yooil 

for a number of the plitelet counts, to Atr E N ipke for the the Wooil 

samples from a senes of dogs leceiving hopanii, ind to Mr T C Mon lO 

heparin determinations n a F eludes his bwa 

The aid given us bj Dr Tago Astrup, Dr A M Fisher, and Dr 
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THE EFFECT OF IIEPAEIN ON PLATELETS IN VIVO 

Araiaisd J Quick, M D , Ph D J vcob N Shanberge, M D ,t 
AND jMario Stefanini, M D ^ 
jMilwaukel, AVis 

W HEN eithei peptone oi anaphylactic shock is piocluced in dogs, the plate 
lets aie tempoiaiilj but piecipitously dnninished, hepaim is liberated into 
the blood, and histamine oi a histamine-like substance is pioduced^ Tins tiiad 
has become oi paiticulai inteiest since Allen and Jacobson- liaie found that 
dogs exposed to highly ionized iiiadiation siiftei a maiked tliioiiibocj topenia, 
hepaimemia, and a peiipheial eapillaiy d^sfunctlon manifested by petechiae 
In a leeent note Copley^ implies that the hepaini is lesponsible foi thethioni 
boeytopenia and that it “may also take pait in the foiniation of the petec la 
hemoiihages ” He cites his woik and that of his associates in which it m as 
shown that hepaiin causes an agglutination in vitio^ and liliewise an agg utuia 
tioii and subsequent thiombocytopenia in vivo ® As the lesult of tiese o seiv. 
tions it becomes mipoitant to detcimine whether hepainieniia pio ucec ei 
endogenously oi exogenously causes thiombocytopenia, oi whet ei e a 
platelets and the outpouiing of hepaim in shock and aftei high 
diation aie concomitant oeeuiiences resulting perhaps fioiii a A „ 

As a pieliminaiy approach to this problem, the effect of intiaveiious j 
isteied hepaim on the numbei of eiiculating platelets was studie § 


EXPERIMENT VL 

The ictiou of hcpariu on the platelet count iias dcternimed m form of 

The heparan employed uas obtained from several pharmaceutical pio^e prep 

10 c c vials each containing 100 mg of the sodium salt of heparin^ f'^tlie sodium 'oh of 
arations have their potency stated in terms of Toronto units (1 lug o 

heparin is equivalent to 110 units) || . approvimo*®'! 1 

The heparin nas injected intravenously at a constant slon ra e o ^ Toronto 

2 cc per minute In man only one standard dose nas studied, 0niployed for 

units) per kilogram of body weight, since this approximates the q j to 5 mg 

prophylaxis against thrombosis In dogs and rabbits the doses ranaC and at tbed 

to 550 units) per kilogram of body u eight Samples of blood ii ore a jajected was 

inter! als after the heparin uas given Tlie rein into which the leparin 

o o V, 1 of yledloino 
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§After this in\ estlgatlon was completed we were study Up obsoned t 

Dr Edward Fldlar and Dr Louis Jaques made a shn ar ^ p ItlO 

phed us with a summary of their findings which are similar ),eparhi See P John 

rapid agglutination of platelets m dogs following the inje Indianapolis Inu^j^^ tbhol 

llWe are indebted to Dr K K Chen of Eli UiUv ^ ^George R ,V“atorles V^kindil 

T Correll of The Upjohn Companj Kalamazoo Mich i^fierle Uabora o ^[,o k 

Laboratories North Chicago 111 Dr Merton Lockhart or rai jjutlej b* 

York N Y and Dr ICenneth W Thompson of PSpanies 

supplied us with vials of heparin from theli respectiie 
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for subsequent collection of blood i. ihcone coated ^rin^c was used and tbo blood 
for tlio platelet count uas transferred iinmedntcl> to n ulieonc coated test tube immersed 
in ice water \n altcrnatno method consisted of placing OJ cc of 3 8 per cent sodium 
citrate directly m a 1 c c 8>Tint.e and drawing bloo*! exactly to tbt mirk The platelets were 
detenmned by direct count Tho blood was diluted 1 200 with 3 8 per cent sodium citrate 
containing 0 2 c c formaldelij do (40 per cent) per 100 cubic ecntiiucf ers 

In man the change in heparin concentration can be successful!) followed b^ tlie coag 
alation time (Lee Wnto), the prothrombin time and the thrombin titration o In rabbits and 
dogs only the last method is atisfactory since the prothrombin tune is too little affected 
and the coagulation timo is so murktdl) prolonged tint it In comes impractual to perform 
and it IS difficult to achieve accuraej 


RESULTS 

The findings obtained b) injecting, hepann into man aie t,i\en in Table I 
It will be obsened that the platelet count lem nned unaltered and that all of 
the hepann was remo\ed fioni the blooJ in thiet (o foiu hours The bltoding 
time remained noimal even duiing the time tin heparin concentration m the 
hlood was lughest 


Table I The Efiect of Injecting IIepvrin Intp-vvenolsi^ ii Vxn on tub Platelet 
Count Co\gui*ation Time, Prothbomdin Time vnp 1 UKoiuuN Titration 
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La iloche Each subject received 0 8 mg of h piirin per kilogram of body 


Ouirif mt- unyinoin was prepared accorume to ilio uircciions oi Jiayie anu mouiucu u> 
of product obtained which Is designated as full strength (F S ) will clot two parts 

it fiMi ® > human plasma in tliree seconds XVlien the thrombin is diluted 15 (1/5 S ) 
cioiB pla ina In se\ en seconds 


In Table II tho effect of iiitia\enou3lj injected hepaun on dogs is lecoided 
It iiiU tie observed tliat the five brands of hepann had appiOMuiately the same 
^ ect 111 reducing the numbei of ciiculating platelets A dose of 0 5 mg (55 
amts) per kilogiam of bodj weight seems to be tlio entical amount since it some 
^bies produced thi ombocytopenia and sometimes did not Aho\ e this dose, a 
in platelets unfailingly was obseiied 

To determme how soon the platelets are affected after the injection of 
hepann blood was taken every minute foi five minutes One minute aftei tlie 
bijection all the platelets were clumped but still in the blood stream A minute 
^ter Single platelets again appealed and the clumps were dimmishuig At the 
of five minutes all agglutinated platelets had disappeaied from tlie blood 

(Table HI ) 
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Moderate agglutination 
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Tvble III The Speed ^\IT1I Which Ii^vteiet Icclutin \tion vnd Thkomdoc\topemv 
Occcu Veter Injection ot IIei vein in the Doo (Doq 0 , Weight 16 Kg 
IlLPHit In tecteii lo ak ) 


TIME 
(HIV ) 

1 I L VTEf ETS I 

1 (THOLSVNDS) | 

VQOLUTINVTION 

0 

193 

None 

1 


Complete 

2 

bJ 

Nearly complete 

3 

2i 

Evtcnsive 

4 

10 

Little 

5 

2o 

None 


•Hoffman La Roche 


The \aiious brands of hcpaiin piodiKcd no thiomboejtopenia m rabbits 
as seen in Table IV The platelet counts ueie unde on ‘irtciial blood 

Oiilj a feu studies of the etTect of injcctin^ peptone in rabbits uere made 
since they jielded icsults siniilii to the oius obtunul either bj Quick Otn 
and Baronofskj Peptone causes a maikul diop m the platelet count but 
produces little oi no hepaiinemn (Table 1 ) uheieas in dogs enough hepann 
13 often pouied into the blood to icndci it mcougulalde 

From the results obtained in the piescnt stud\ one can conclude that the 
intia\enous infection of heparin m doses as lai^c as > nu per 1 ilogram of bodj 
weight m rabbits and 0 8 mg in man ciuses no otmonsfiable diminution of the 
ciwulating platelets In dogs, on the contran dost s as small as 0 5 mg pei 
lulogram of bodj ueiglit maj cause a inaiKcd hut tiansicnt fall in the platelet 
count This IS due to the agglutination of tliesc cells and presumably to the 
subsequent lenioval of these clumps bv the capiUarv bed The agglutination as 
shown in Table III occurs almost immediatoU attei the hepaiin is injected 
Promptlj follouing this leaetion lestoiation of the platelet count begins to 
occur and may be amazinglv rapid In some instances tlie count ma\ be one 
third of the oiiginal level five minutes aftei the injection and completeh noinial 
ten minutes latei 

Since hepaiin does not cause thiombocvtopenia in cithei man oi rabbit it 
is clear that this agent per se has no influence on platelets To uiiplj that tlic 
thi-ombocjtopenia following high ionizing irradiation is tlie lesultaiit of hepaiin 
enna 13 certainly open to question To be sure the injection of peptone in dogs 
causes hepaiinemia thiombocjtopcnia, and histamine inoduction but in tlie 
rabbit the same dose of peptone produces oiilj thrombocvtopeuia It is unlikelj 
that the hepannemia in do«& is the cause of the abrupt drop of platelets It 
■niglit also be stated that injection of histamine likewise causes no change in the 
platdet count ^ ® consequentiv this agent can not be imiilicated in tlie tliiom 
bocj topeuia obsen ed in shock On the basis of present e\ idence it seems reason 
aWe to conclude that the three effects of shock seen in dogs aie independent of 
each other except that their causative agent niaj peiliaps be the same One 
•iiust not Ignore the possibiht> hovvexer that the coagulation defect wlucli we 
have recently demonstrated in thrombocv'topcnia'* when accentuated bv hepann 
^mia niav coiiveit the vasculai hv peipeinieabihtj- due to histamine into a serious 
henioiihagic condition It is doubtful if hepann alone 01 even in the sole pres 
ciice of a tluombocjtopenia wall cause petechiae 01 a prolonged bleeding time 
These later effects assurcdlv aie tlie result of a vascular factor 
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Tvble V The Influence oi Intravenousl\ Injected Peptone on TiiE PLATEiETb i\ tue 
Babbit (300 mo of Peptone Per Kilogram op Bodn Weigjit) 



1 

PLATELETS 1 

(THOUSANDS) | 

\OGLUTINATION j 

THROMBIN 
TITJLVTIOV 
(y 6 ) (SEO ) 

0 

J/9 

None 

0 J 

5 

125 

Almost complete 

05 

15 

1)0 

Exteu^iue 

6o 

30 

123 

Modtrato 

05 


Rostock Gcrnidnj 


It IS curious that hepaiiii causes a thiomboc} topenia in dogs but not m 
man or rabbits One can pioffei se\eial possible explanations The fii’st is that 
the purified heparin maj still contain a tiatc ot impuutj to ^shich the dog but 
not the rabbit or man is susceptible A soctmd In [lotliesis is that heparin I'eacts 
^'itli a plasma constituent, t]ieieb> pioducmg lu iffMil which causes the aggluti 
nation of platelets Accoiding to this \icw doj, plaMii i contains this factor but 
rabbit and human plasma do not A thud Inpotlicsis is that dog plasma laclcs 
proteetne factors that would counteract the plnsuochcnncul alteration induced 
bj heparin It is to be noted tint the effect ot hep inn on the platelets is un 
mediate and tliat the platelets actually begin to incrcise while the hepannemia 
IS stUI at its height This shows that the piescmc of e\cu a high concentration 
of hepaiiu does uot dcpiess the platelet count but arluallj allows a lapid res 
toratiou which is brought about xei\ likel> iiom the liberation of the individual 
cells from the agglutinated clumps 

There aie piobablj two tjpes of platelet agglutination The iii*st is the 
type induced by heparm ui dogs by peptoue and peihaps by many other agents 
as Achard and Aynaud uoted as eaily as 1908 Perhaps this type of aggluti 
nation is brouglit about by as simple a ebauge as tlie removal of an electric 
cliarge needed to maiutaiu the discreteness of the platelet The second type of 
^otlutination is appaieutly tlie lesult of labilization of the platelet by thioinbin 
In this type the platelets become sticky leadily adhere to lougli surfaces, and 
disintegrate theieby bberating an cuzynne that activates the plasma thrombo 
plastinogen The platelets lemaiu stable whene\ei the pioduction of thrombin 
^ inhibited This accounts for the stability of platelets in hemophilia in mail ed 
Hicuinarol hypoprothrombniemia, ni oxalated and citrated plasma and in 
hepaiinized plasma Hepanii Iiowcvcr does not pre\ cut the fii'St ti pe of aggluti 
nation as Quick, Ota and Baronofsky ^ and Pidlar and Waters'^ ha\ e showm 
Prom a piactical point of view- tlie agglutination of platelets by hopaiin 
of little moment since it does not occur iii man and since e\en in dogs it is 
lery transitory and unaccompanied by any untoward effects Heparin depresses 
platelet agglutination of the second ty^ie by inhibiting the formation of thrombin 
well as by neutralizing it Because of tins action, heparin is a lebable drug 
for piophylaxis against intia\asculai clotting 

SUMMARY 

The effect of intia\enously administered Iiepaiin on the eiiculating platelets 
studied in man rabbits, and dogs Fne brands of commercial hepaini were 
msed 1^0 significant agglutination or thrombocytopenia was obser\ed in man 
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and rabbits even aitei lelativelj'^ laige doses In dogs a dose ot 1 mg pei 
kilogiam ot body -weight iinaiiablj caused agglutination of platelets and a 
subsequent tiansitoiy tliiombocvtopenia Piobable causes foi tins are discussed 


RElERENCrS 

1 Quick, Armand J The Hemorrhagic Diseases ind the Phjsiolog) of Hemostasis, 

Springfield, 111 , 1012, Charles C Thomas 

2 Allen, J tx , and Jacobson, L O Hj perhepariiiemia Cause of the Hemorrhagic 

Syndrome Associated With Tot il Bodi L\posure to Ionizing R idiation, )Scieiice 
105 388, 1947 

3 Coplei, A L Hemorrhagic Diathesis in Hiroshima, Nagasaki and at Bikini Atomic 

Bomb Test, J A At A 137 145, 1948 

4 Coplei , A L , and Hobb, T P Studies on Platelets II The Effect of Heparin on 

the Platelet Count in A’'itro, Am J Clin Path 12 416, 1942 

5 Coplej , A L , and Eobb, T P Studies on PI itelets III The Effect of Heparin in 

A''ivo on the Platelet Count in Alice and Dogs, Am J Clin Path 12 563, 1912 

6 Quick, A J On the Action of Hep inn and Its Relation to Thromboplastin, Ini J 

Plusiol 115 317, 1936 

7 Quick, A J, Ota, R K, and Bironofskj, O D On the Thrombopenia of Anaph) lactic 

and Peptone Shock, Am I Ph\3iol 145 271,1946 

8 Kinsell, L W, Kopeloff, L AI , Zwemer, R L, ind Kopeloff, N_ Blood Constituents 

During Anaphj lactic Shock in the Alonkej, J Immunol 42 35,1941 

9 Quick, A J , Shanberge, J N , and Stetaiuni, AI The Role of Platelets in the Coag 

ulation of the Blood, Am J AI Sc In press „ ^ 

10 Achard, Ch , and At naud, AI Sur le phenomcne de la dispantion des globuhns, comp 

rend Soc do biol 65 724, 1908 , 

11 Fidlar, E , and AVaters, E T The Behaviour of Platelets in Anaph) lactic and rcp 

Shock, J Immunol 52 315, 1946 



EFFECT Ob VITAIillN K ON DICUAIAKOL INDUCED 
HYPOPROTHROilBINEJIIA. IN R VTS 


E J Bo\d 1 \ID vnd E D "W \rver !M D 
low V CiT\ low \. 

M ost of the lepoits deabng with the cftcct of \itamm K on dicumarol 
induced hjpoprothiombineinia ha\e been based on one oi anothei of the 
one stage methods of piothionibin estimation' It lias been shown that these 
nietliods depend not onlj on the concenti ition ot prothiombin but also on tlie 
rate of comei*siou of prothiombin to thiombni ’ Thus the one stage tests lose 
some of then leliabilitj as a means of mcasming piothiombin concentration 
unless factors which may influence 0011^01*81011 1 itc aie eliminated In recent 
jeai’s several woikei's ha\e established that anothoi (onstitucnt present in noimal 
plasma mflucnces the comeision of piothromlnn to thiombin®'^ In addition 
the presence of a distinct uihibiting substance in the blood of animals treated 
'Uth a hjdrogenated deri\atue of Dicumaiol has been jiosfulated ^ This 
substance is considered to be similai to but not identical with heparin Some 
of the cluneal reports aie based on the cessation of spontaneous bleeding which 
13 admittedly influenced by manj vaiiables 

The two stage method of prothiombin deteimination"* separates the con 
'ersion phase fiom the clotting phase and thereby eliminates the lato of con 
version of piotlirombm to thrombin as a factor in prothrombin ineasuiement 
It seems peitinent, tiieii to examine bj this method the effect of Dicumaiol on 
the prothiombin Ie\el of blood and the modification of tint effect b> \itamm IC 

AIATERFALS METHODS 

Adult albino rats of tlio Sprague Dawle> strain were used Thej uerc maintained on 
a diet mIucIi contained adequate amounts of Mtaniin K Water and diet were fed ad libitum 
Suspensions of 3,3 mctb^lenebis (•! lijdroxjcouniarm) uere prepared as follows 70 2 
Dicumarolt uere suspended m 321 cc of distilled water To effect increased dispersion 
of the drug suspension 3 0 c c of 0 IN sodium Iijdroxido wore added 

Henadionet (2 metbjl 1 4 naphthoquinone) was dissohed m com od (Mazola) so 
that uiO rag were contained in each cubic centimctor of tho solution 

HykmoneJ (menadione bisulfite) was used as supplied by the manufacturer One 
cable centimeter contains the equ^^alent of 2 5 mg of menadione 

Dicumarol and menadione were gi'en stomach tube and U^kinone was given b> 
intrapcntoneal injection Both the vitamin K preparations and Dicumarol were given 
dailj doses 

Blood obtained bj jugular puncture was driwu into J So per cent potassium oxalate 
The blood and anticoagulant were carefull> mixed and placed in a hematocrit tube and 
the tube was set m ice water to induce rapid cooling After centrifugation in a refnger 
ted room (5 C) prothrombin titration the two stage methodia was performed on 
he plasma 

From the Department of PatholoB) State UnUersItj of loMa Colleeo of Jlcdlclne 

Received for publication Vug 7 1948 
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RESULTS 

I Dtcximarol Alone — In the fii-st expeiiment the animak weie given 
daily doses of constant size of Dicuniaiol, and the piothiombin level (expressed 
in pel cent of noinial) xvas followed foi a peiiod of fioni two weeks in some 



Fig 1 — The effect of dail> doses of Dlcumarol on the prothrombin level of rat plasma 



,1 of rat plasma- 

Fig 2 — The effect of daily doses of increasing size on prothrombin eve 

cases to as long as foity-thiee days m otheis Fig 1 shows a diug 

Theie was a definite tendency foi the animals to develop a toleiaiic ^ 

Aftei approximately two weeks the piothiombin level tended daily 

end of thiee to foui weeks it commonly appioached noimal gg nuich 

variations in prothiombm level of Dicumaiol-treated rats weie g 
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as 40 per cent in some instances TI\ese ■variations aie greatei than can be 
explained on the basis of technical erioi in peiformiiig the dctemmations 
Repeated deteiminations on iiian> occasions showed that the variations m 
prothrombin level were geiuiinc 


•A PA B 




B In anothei gioup of lats the dosage was graduallj increased in an eftoit 
*0 Uep the prothiombin at a low level Vutually the same tjpe of curve uas 
obtamed (Pig 2) altliougli the prothiomhiii level tended to lemaiu lou for a 
'°'>ger time Succeeding large doses had less effect than earlier small doses 
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UU 


0 In the third e\peunient the efteet of a single dose of Dicumaiol i\as 
studied (Pig 3, A) A dose of 4 0 mg of Dicumaiol was gnen, and the pro 
thiombin level was followed foi two days aftei it had letuined to iioiraal Tlie 
maximum hypopiothiombmemic effect was obtained within forty eight hours 
and lecoveiy was complete within ninety-six houis aftei the time of medication 
In the foregoing expeiiments the piothiombin level promptly returned to 
nonnal Avhen Dicumaiol admnustiation was stopped This oceuiied within 
ninety -SIX hours after administiation of the last dose of Dicumaiol Eecoverv 
after repeated doses was at essentially the same rate as after a single dose 



Fig 5 — A Left-hand cui\e The effect of menadione given inimediatelj preceiUng 
continuance of Dicumaiol on the late of ieco\er> from Ihe Dicumarol eiie ^ministration 
Right-hand cui\e Menadione preceding duiing and after Dicumaro a 


II Dicumaiol and Vitamin K — Hvkinone (4 0 cc) jlo 

effect when given to rats leceiving daily doses of ^^gg^eiith' 


dailv) 


A. V 

change was observed which was greater oi in a different dnection i 
was observed with continued administration of Dicumaiol alone ^ 

B In a second group of animals large doses of menadione 
weie given for a period of one to two weeks before Dicumaio 
was begun, and it was continued during the period of Dicumaro a 
(Pig 5, B) A standard dose of 2 0 mg of Dicimiaiol was to that 

prothrombmemic effect of the Dicumarol in these animals was the 

in animals which had leceived no menadione (Pig 1) Upon lecei'e*^ 

Dicumaiol, recovery occiiiied at the same rate as m lats wlnci 
no menadione juij as 

C A thud group of animals was given Dicnniaiol for at ad 

long as twenty-four days During the last three to six days o 
ministration 50 mg of menadione iveie also given (Pig 


both 
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Diciuiiarol and menadione i\cie stopped tlie piothrombin le\el rose to normal 
at the same rate as it did when the administration of Dicumaiol \\as stopped 
m animals i\hich had icccned no menadione (Fig 6) In othei animals m the 



Fig 6 —Rate of rccover> from Dlcumarol effect aftei Irug was stopped 



same experiment xitainin IC nas guen as Hjkmone (dose cquualent to 10 
•aenadione) mtiapeutoneallj The lesults neie the same as mfli menadione 
w corn oil by stomach tube 




1436 


BO\D AND WARNFR 


D In a fouith gioup ot animals, Dicumaiol was given foi a peiiod of fi\e 
to ten days and then followed by the administration of 4 0 c c of Hykinone daih 
duiing the peiiod of leeoveiy (Fig 7) Eecoveiy oceuiied at tlie same rate 
and to the same degiee as in lats which leceived no Hykinone (Fig 6) AVhen 
Dieumaiol was admmisteied immediately follovnng complete recoveiy a response 
similar to that obtained with the mitial dose was observed m both gioups 

B In single dose expeiiments the piothiombin euives of lats given Di 
eumaiol and Hykinone together (Fig 3, E) were similai to those of lats winch 
received Dicumaiol alone (Fig 3, H) 


DISCUSSION 

There are two outstanding difteicnces in technique between these experi 
ments and those reported by Overman and co-woikeis" Then animals i\ ere 
given a diet low in vitamin K while ouis weie given a diet which contained 
adequate amounts of it The iriothiombin deteiminations m then evpeiniients 
were done bj a one stage method using dilute plasma while ouis weie done \ 
the two-stage method Wo wished to parallel as closelv as possible chmea con 
ditions m which the diet is not likely to be deficient in vitamin K, and to measine 
prothiombin coneentiation only ^ , 

The losults of clinical studies ot the effect of vitamin K on Diciiniaro 
induced hvpopiothiombinemia are confused somewdiat because additiona nie 
uies such as diseontinuanee of Dicumaiol admmisti ation, blood 
and other agents have been used to coriect the hemoiihagic ten ency 
elmieal studies also lack the control possible in e\peiinrental anima s n 
eases vitamin K w'as given at a time when the prothiombin leve niigi 
been expected to be iismg due to the development of tolerance to le 
Another possible cause for the great variation in clinical lesu ® 
diversity of methods used to estimate prothrombin These vaij 
observation of cessation ot spontaneous bleeding to the dilute ^ Pe 

of Lurk Thei e is some evidence^^ that the Quick and Link met lo & 
substituted for each other This suggests that they plasma 

things They, as all the one-stage methods, are certain to be m that 

factors other than prothrombin coneentiation There is a o ^^plieate 

the dilute plasma techniques have mucli gieatei standard gensitmt) 

deteimination than do whole plasma techniques Even ^ ^ ^^^01 niai 

is increased by dilution of the plasma, the increased possi n J 
be another reason for inconsistencies of results go\ern 

It IS possrble that vrtamin K administration affects fac Tins 

prothrombin conversion as well as those wdiich control its couce^^^^ 
could explain the protective action of vitamin K against estimatwn 

been reported by workers using the one-stage methods of pio stage 

It would also explain why tins Action is not demonstia e P 
method 

SlUMMARY 

1 The prothrombin level, as deteinrined by the tw'o stao ipjjgjg 
considerably from day to day in rats treated with Dicumai 


methoa, 

was 1 
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definite recover} phase soon after the initial fall in piothrombm caused b> 
Dicumarol Latei tlie animals sliowcd a decided tendency to escape fiom the 
eftcct of the drug 

2 AIcnadiono and mcmdionc bisulfite in large dosc> Jnd no detectable 
counteracting effect on the piotiuombin level of i vts \shethei given beiore, 
duruig, or after Diciunarol administiation 
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VENTEICULAE lEEBGULAEITIBS INDUCED BY SYMPATHO 
ADEENAL DISCHAEGE AND CHLOEOFOEM 

George X Trimble, A B , M D 
Columbia, JIo 

C HENOWETH," ivoiking with dogs, lepoited that the inlialation of the \apor 
ot \aiious hpotiopic Indiocaibons including toluene, xUene, petioleum 
ethei, and gasolme, sensitizes the mammalian ventiicle to epinephrine inth 
resultant e\ti asystoles, taehjcaidia and fibidlation, simulating the nellkuoira 

chloioioim-epmephiine syndrome - ^ ^ ® 

In discussing his findings, Chenoweth suggests that human subjects sensi 
tized by the udialation of such vapors might be susceptible to ventiiculai n 
lation, if subjected to emotional stress rvhicli ■would hbeiate epinephrine 

The electiocaidiogiaphie studies presented heie, on dogs m w ^ 
sjnirpatho-adienal discharge was phaimacologieally induced and to w lei c o 
form was administered during the height of such induction, seem tosuis an 

that suggestion , ^ 

Dogs weighing 2 to 15 kilogiams were put under basal anest ^la } 
peritoneal injections of sodium pentobarbital solution caiiymg 
kilogram of body weight Control piesuigical electiocaidiogiap ic 
then taken using the three standard leads Tracheal and caioti 
then inserted and the femoral vein was exposed, and after a t m } n 
period following the surgery, an electiocaidiogiaphie '' tmvenouslv, 

Each animal was given from 0 5 to 2 0 mg of atiopme ^ ® ofphjso® 
depending on the rveight of the animal, and five nrmutes later taken 

tigmine salicylate Control records (electiocaidiogiaphie Lea i^ygostigmm® 
three minutes after each drug injection Five minutes aftei Jie p ^ ^^gjgPt of 
rvas given, 0 2 to 4 0 mg of acetylcholme bromide (depending ^ the 
the animal) were injected At the onset of the resulting b oo 
administration of chloiofoim vapor rvas begun and coutmue u gpiioca 
until a danger point as indicated by marked fall m blooc piessuie and 

was reached Continuous electiocaidiogiaphie Lead , jjgetylchol*^® 

respiration records were obtained from the time just prior 
administration until the cessation of the cliloiofoiin anest lesia ^^gtion of 
In this sequence of injections, piesrmiably the action ol 

acetylcholine would be blocked by the atropine ^ ^ gtjgnuiie, 

cholinesterase on the acetylcholine held in check by t e p i efteots oi 

the nicotuiic action of the acetylcholine rrniestiame A^tehaige nnd 
acetylcholine are believed to include a sympatho adiena ^ jf the nicotn"*^ 
bilization of epinephrine or an epmephiine-like substance y,^a,cine oni 

From the Departments of Internal Medicine and Phjsiology 
versity of Missouri 
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effect weio gieat CJioiigli, it seemed that the intimsic epinephiine liberated bj 
the animal could affect the chloiofoim sensitized voiitiuuiai comple\ just as 
intraienous injections of cpinephune 

Nine dogs of hotli sexes and \nnous -rtciglits \\eie studied No differences 
m results attiibutable to se\ oi weight weie found Theie was houe\er a wnde 
varntion in sciisitnit\ as nidicated bj the faet that in tiuee dogs a nicotinic 
c eet could not be induced, lu spite of diffcicnt dosages of drug admmistzatiou 
In the SIX dogs in which iiicolimc lesponscs weri. e\oked the following ab 
normal electioeardiogiajiliic findings wlic obtained duiing tlie leaction to cldoro 

101711 

Thice do^s Ventiiculai extiasjstolcs iioin suvic e\tia beats to 

shoit buists of twent\ oi inou \entncuhi e\ti ls^ stoles 
Two dogs A peiTiistent \uitritulai taclncudii of sevenl minutes dura 
tion 

One dog A \Lntiieulai taclueaidia chaiiiriM,, to fibi dhtion duimg which 
the animal expired 

In all instances except the last the noinni elc^ti jcmdiognphic pattern 
relumed following the teimination of the abnormal tai liai attJ\7f\ 

Aside from the ehangos listed no othei dt\iations in tlie electiocardiogram 
nerc noted and these changes occurred onh durin,^ obloiofoim inhalation fol 
wmg the injections of atiopine, plnsostigmiiio and ocet\Icholme No such 
c anges m electrocaidiogram were noted following the injections of atiopme 
P Jsostignnne, and acetylcholine into aninnls iecei\iiig no chloioform 

This was to be expected, for "Myerson and cowoiKei’s® ha\e shown that 
although phjsostigmmo and choline cstei ma> produce se\eie heart block 
atropine pie\ents this block In the present experiments atropine and phjsos 
hoiiiiiie always piceeded the injection of the acetylcholine 

The findings reported here streiiothcn the sUogestion of Chenoweth^ that 
mtniisic epmephinie if liberated in sufficient quantity through emotional stress 
could piesent a senous hazaid through its effect on the ventricular complex 
sensitized to yanous lipotiopic hjdiocaibons 
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LABORATORY METHODS 


A ailCEOMETHOD FOR THE DETERMINATION OF THE HUMAN 
ALBUAnN, GLOBULIN, AND HEAIOGLOBIN CONTENTS 

Bacon F Chow, Ph D , Lois IIall, B S , B J Duffv, M D , 

AND C VRL AlPER, PH D 
New Brunswhck, N J 

I N OUR pievious communications* - it was lepoited that the estimation of 
human albumin in seium oi othci body fluids by means of the piecipitiii icac 
tion gives an accuiacy which appioximatcs that ot electiophoietic anal 3 sis, the 
geneially accepted standaid, and leciunes only a minute amount of the piotein 
This lattei situation makes it possible foi the development ot a miciomethod or 
the detei mination ot albumin, total piotein, and hemoglobin m capillaij ooi 
taken by fingei piinctuie These detei mmations veie peifoimed with ^ i> 
of blood which was then diluted with a know n \ olnme ot 0 So pei cent sa in 
solution, containmg enough hepaiui to pievent coagulation The lec ce swe 
then lemoied by centiifiigatioii and laked with a dilute ammonia , 

hemoglobin determination with a photoelecti ic eoloiimetei iT'o 
ot the siipcinatant w'eie used ±oi detei mination of total piotein 
albumin lutiogen The toiniei was estimated by nieasiiimg tie in 
the tiichloioacetic acid pieeipitate, the lattei, bv the piecipitni 
diffeience betw^een the total piotein nitiogen and albumin nitiogeii w 
the total globulin nitiogen 


Seagents — . solution 

1 A dilute ammonia solution Approtimately 5 ml of 

(28 per cent anunoma bj iceiglit) are diluted \Mth nater and nia e o ■\Ierck’s reagent 

2 A 7 5 per cent tricldoroacetic acid solution Seient) flve 

grade tiichloroacetic acid are dissolved with water and made to 1 iter jissolwl "itt 

3 A normal saline solution, 17 0 gi ims of clicmically pure ^ q^Jed 10 'I’S 

water and then made to a volume of 2 liters To one liter of t us 

of heparin mnized agimat Iiunian 

4 Antihuman albumin rabbit serum Sera of rabbits i , ijjjg pooled sew 

albumm can be prepaied according to our previously desenbe after thawing 

IS kept in a frozen state until shortly before use, and filtered i uec 
IS then diluted exactlj with an equal \olume of the saline solution 

Procedure — until it 

Blood 13 di awn from the tip of the finger bj puncturing witl^ transferred quant'*‘‘*‘*^J 
freely A 0 20 ml sample is measured with a capillary pipet e ^ solution with 
into a 15 ml centrifuge tube containmg 10 0 ml of 0 85 per cen ^^^^rtant (refers “ ^ 
The suspension is then centrifuged foi fifteen minutes, an i jgteniiination of tho a 
SU) IS carefully removed by a capillarj tube and saved foi 
nitrogen, and the total plasma protein nitrogen 
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Determination of Hemoglobin — 

Tlie red celb at the bottom of tlie tube ire liemolvzeil witli j ml of tlio dilute ammonia 
«4>lution \.fter Kking ^ ml of the hemoglobm olutiou art flu.n pipetted into a Klett 
Sumnierson tube containing 4 ml of the same nmmonm nnter Dm tlie final sample con 
tains an equualont of 0 0133 ml of blood The amount of henMj,Iol.m is then determined 
colorimetncalb, using n green filter of 640 milhimcrous To exj)ress the risults in grams per 
cent (see columns \ and B m Table I) it la uccL3‘5ar\ to deteimme the oi.}iiemoglobm 
factor by correlating the coloiimcter readings with oi.\g».n combining capacity 

Detennirujiion of Total Protein hitrogen — 

Duplicate samples of 3 0 ml of the supernatant (SUi ic pipetted into two Klett 
Summerson tubes to each of which are then added 2 0 ml ot j ei ent trichloroacetic acul 
solution from a 10 ml burette The turbidity produced is th n niei urt 1 in a Klett Summerson 



^ V standard cur\e ^howlnff tlie relationship betueen turbidltj readings and nilcrograms 
of serum protein nitrogen 

after standing at least fire minutes The readings remain constant for more than two 
after precipitation The amount of protein m the precipitates can then be estimated 
n previously standardized cune which is obtained by measuring the turbidity of the 
Jichloroacetic acid precipitate of a known amount of serum protein nitrogen The results of 
JT'Cal experiment are plotted m lig 1 To substantiate that such a relation lup is 
PPbcable to normal as well as nbnoninl scrum wc ha\e compired the Kjeldiihl mtrogeu 
turbidity nitrogen 


of Jaclor Procure sample of fush blood- and determine ox) lieinoglobln 
■^olorlmetrt oxjgen capaclt) or the carbon monoxide capacity method Run a 

the on duplicate or triplicate 0 0 ml portions of this blood from 

“Own nemoglobin content of the blood the factor may be determined as follows 


_Gm per cent hemoglobin, _ oxj hemoglobin factor 
Colorimeter reading 
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Tiie dita (see Table II) ait ei)aiated into four groups niLorilmg to the i)erceutage of 
albamin in tJie cruni, ranging from 31 to 70 per cent The Ttiiount of total scrum nitrogen 
in each samiile ns (letcrmmcd by the Kjcldahl iiictliod is arbitrnril\ taken as 100 per cent 
iTith which the turbidity nitrogen is compared The results demon frate that the turbiditj 
method gives a shghtlj higher result of less than 10 per cent and v standard deviation of 
about 5 Such an agreement between the e two methods maj bo consiKred as satisfactorj 
for climcal use The results of a tjpieal experiment with variations of the individual samples 
are recorded in columns C, D and E in Table I 

Determinnhon of Jlbuunn ^itro^en — 

Tlie amount of human ilbunim nitrOc,cn m the suj i mat int (SU) is determined 
unmuaologicall^ according to tlio procedure previously dtMjih<4l The following modifications 
are intro'Iuced in order to adapt this method to the small sizt ct imple obtained b) finger 
poacture Two milliliters of the supernatant (SU) art- «hlut ! witli an equil volume of 0 8j 
per cent IsaCl solutiom Two 1 nil samples of this soluti ii n w eijuiv ilont to 0 Oit »S ml of 
the original blood, are then added to two Klett Sumnierson lubf'i tor lui^h ate determinations 
Four milliliters of the diluted antilmnian albumin rabbit serun irc iJdcd to larli tube from a 
oO ml burette, and the turbidity of the immune precipiivtt h rue i ure-'I after standing at 
room temperature for at least thirty minutes with a KJett siuiimm on photoelectric colonm 
eter using a blue filter of a waie length 420 

Table II DETEiiiiih \tjov of tuje Totvl Plasm \ Piotein \iti <« ln 3 \ Pkeciiitvtiov \Mtii 



TmciiLoroiCEiic Acid 



PEa CENT Ot ALBUMIV 


IHIVI rf \S\I V I JIOTEIN NITROGEN 
IIV TI i DIPITV METHOD* 

INJLASMV 

NUMDCU 01 SVMI US ] 

1 "r ± 

S D 

31 40 

0 

103 ± 

00 

41 50 

23 



51 00 

17 



01 70 

5 

10/ ± 

5 1 


S D Standard deviation 

cent per cent of that found bj the Kjcldahl method wliich is taken as 100 per 


The amount of human albumin corresponding to the turbility reixlmgs can be cs 
^^ated from the standard curve Alultiplyang tlio albumin content px-r sample (column G in 
able I) bj the serum dilution (i e 01 x 2 equals 102) gives tlie total albumin nitrogen per 
^ bbter of blood (column H) The ratio of total albumin oitroocn to tiie total nitrogen as 
eterminej either with the micro Kjeldahl metliod (column I) or from the turbidity of the 
^chloroacctic acid precipitate (column J), multiplied by 100 gives the per cent of the total 
rogen as albumin Tho difference between 100 per cent and tho per cent of albumin 
rogen gives tlio per cent of globulins (column K) 

^icsiilts — 

The lesults of a tjpical e\i>eiimcnt with samples of blood diawii from 
thirteen individuals aie sumniaiized in Table I, in ordei to show the normal 
sanations of loutinc deteiminations They demonstiatc tint the a^ieenient in 
^otal plasma piotein nitxogeii between the two methods (mieio Kjeldahl and 
luibidity) IS satisfactoiy foi clinical use The a\eiage pucciita^e deviation of 
the turbidity mtiogen fiom the Kjeldalil nitiogen is 2 6 pei cent The same 
y’^oHitude of deviation is leflected in the calculation of pei cent of ilbumin 
on total piotem nitiogen measuicd with cither one of the two methods 
G average peiceiitage albumin in the plasma of this group of induidiials is 
‘'"I' 37 pel cent 


1444 


CHOW, HVLL, VXD ALPER 


In Table III aie suinmaiized oui data fiom tliiitj eight uoimal individuals 
Simdai lesults obtained by othei leading methods aie included foi compaiisoii 
It can be noted that the aveiage concentiation ot both hemoglobin and of plasma 
pioteins in giams pei 100 ml oi blood of oui noimal individuals is higher than 
that lepoited in the liteiatuie Whether this diffeieiice can be attiibuted to 
the difteience m the method of deteimmation, oi to the individual vaiiation, is 
haid to decide on the basis ot oui limited numbei ot expeiiments Oui aieiage 
figuies 111 the pei cent ot albumin in plasma approximate closely the leported 
figures ot electiophoietic albumin,^ but are significantlj louei than those ot 
methanol soluble albumin ot Pillemei 


Tvble ni SuiisiVRy OP Datv Fpom Normvl Mem on Hemoglobin, Plvsma pfoteins, iw 
Per Cent Albumin Obtvined bv Difplfent Methods 



METHODS 

USED 

SLBSTVNCE DETERMINED 

vs presented in TUIS PVPER I 

OTHER METHODS 

Gni hemoglobin in 100 ml blood 

1C 0 21 0 

(a) 1411721 

(b) 12 915 31 

Gm plasniT proteins in 100 ml 

4 461 

3 45 4 24 

blood 

4 68- 

Per cent albumin in plasma 

44 61 

472 

42 35 

523 


sulfate method for nieasuilns specific gia\ities of whole 
D D van Sbke V P Dole IC Emerlon Jr P , B Hamilton and a 


1 Copper 

R A Phillips L _ . 

Archibald Published by Josiah Mac> Jr Foundation 1915 page 19 picctro 

2 The electrophoretic method for Uie aual>sis of albumin lu •'uman plasma oj 
phoresis Louis Plllemer and M C Hutchinson J Biol Chem 58 299 191o 

3 The methanol method for the determination of human albumin in plasma. 

4 The Immunoloslc metiiod for tlie estimation of human albumin where 

nitrogen is determined bj the Kjeldahl method .. 

5 The immunologic method for the estimation of human albumin where 

nitrogen is determined b> tlie turblditj method 


Companion of Albumin Content in Venous and Capillaiy Blood- 
Although capillary blood may, under normal conditions, be used for 


estimation of blood proteins, mcludmg hemoglobin and plasma, it maj not se 
as a representative sample of circulating blood in conditions ot seveie s loc 
gross generalized edema The former situation mav cause the capi 


contain 30 to 40 per cent moie cells and hemoglobin than the venous oi 
blood, and in the latter situation the edema fluid from subcutaneous ^ 
exude vvuth the blood from a puncture It is believed that piopei teci 
fingei 01 eai lobe puncture wiU minimize such eiiois 

In Table IV aie collected the results on the compaiisoii ot 
bumin in plasma ot eapillaij' oi venous blood ot toitj-tliiee pa 
vaiious diseases, chiefly with malignant giowth In the tabulatioi 
it IS aibitiaiily assumed that the per cent of albumin in the p o^^ pjQod is 
venous blood is 100, with which the albumin in the plasma ot capi 
compaied The data aie segiegated into tliiee gioiips of ascen i 
of albumin The lesults demonstrate that the per cent ggiee 'Vitb 

of the capiUarj" blood and the per cent in the plasma of venous 
each otliei within the accuiaey of the determination 
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TABLE IV COlIP'lRJSOV Oi PEr CENT OP ALBUMIN IN THE PL\SMV OF CAP1LL\B\ AND 

Venous Bloods 


PER CENT \LBUM1N 

1 NUMBFR OI S\JIFICS 

AVl-R\(C PEI CENT ALBUMIN 

IV CVPILLARI BLOOD 

30 3o 

3 

34 


2b 

00 

40 55 

14 

102 


The per cent of albuml» in the \enous blood U tuktu j-s iOO witli T\hich tho per cent 
of albumin in tlie capillary blood Is compared 


DISCUSSION 

The pathologic conditions which can affect the pi ibma piotein coneentiatiou 
and diffeicnt tjpes of anemia and xiolj cj themu whuli can affect blood Iiemo 
globin concentiations ha\c been most adctiiialeU sutumanzed b> Kagan* and 
Philhps and associates Ilciice, these ivill not be di ( ussed in this rcpoit It is 
general^ agreed that so fai as the deleinunation ot plaMiui ))iotein concentration 
is concenied, an abnormal laluc is % definite piool Ihit one of the phjsiologic 
eonditiQiis controlling the coucentiation has been distinbed Howeiei a noimal 
concentration cannot be icgardcd as an absence oi nn' disturbed factor since 
detcrmiuation of plasma piotem coucentiation docs not tale into account a 
hemocoaceiitiatioii oi dilution 

It has been dcmoni^^-latcd that in anini'ils® is well as lu man® an out 
standing change in plasma piotein as a result of piotem depletion due to eithei 
inadequate \itamin ^ piotein oi caloiic intake oi owing to a \ariet> of diseases 
is a decrease in the albumiu content e\en though the total plasma protein con 
centiation may appear noimal It is therefoic believed® *■' tliat the deteimina 
tion of the per cent albumin in plasma is of gi eater clinical significance than anj 
change of plasma coucentiation A proccduie such as that we have just de 
senbed should be useful not oiUj foi diagnostic puiposes but also for field 
studies or public Iiealth woik since it peimits a rapid and accuiatc determina 
tion-with a lelativelj small amount of sample 


SUMMARY 

A microraetbod is described for the detcimmation of hemoglobin total 
plasma pioteins, and albumin with 0 2 ml of capillarj blood drawn b> fin^ei 
puncture Blood is diluted with 0 85 pei cent NaOl solution containing Iiepann 
The suspension is centiifuged to remove icd cells which are lienioljzed for the 
detemiination of its hemoglobin content b\ means of photoeleetiic coloiimeter 
The total piotem nitrogen in the supernatant is estimated bj me^su^lng the 
turbiditj of the tiicliloioucetic acid precipitate The albumin nitiogen in the 
supernatant is deteimined iinmunolo^icallj The diffeience between the total 
uurogen and albumiu mtiogen is talen as globulin nitrogen 
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COLD HEMAGGLUTININ TEST B\ S. SLIDI '\IETHOD 

N\i Cii'u Oil VNG, M D * v\D T&unc Chvnt Hoi '\IB 
PupiNG Cmw 


T he cold lieniagglutiniii test recent!) ins i)ecn uidch used in tlie routine 
clinical stud) paiticulail) in the diagnosis ot piimar\ at^plc^l piuuiuonn 
As fai as ue knou, all pi e\ ions uoikeis ha\e used tijc test tube method emplo) ed 
first b) Landstemei foit'v fi\e “^cais 0^0 ^ RccentH \ oun„ showed that the sen 
sitnitj of the test could be ineieased obsemii^ the auprlutniation under the 
microscope b) tiansferniig a diop of cell siis(Rnsioiis to a plain glass slide 
It occurred to us that the test might be pcifornud on a hollow ground slide on 
'ihich a direct micioscopie examination could then be made The lesults of the 
comparatno stud) of the slide and the tube methods nie heiewith presented 
The preparation of the cell suspeirsions and tlit sen was earned out b) the 
trsual proceduies deseiibed elsewhere ^ A piobmnnn stud^ on the leldtne 
sensitiMtj of gioup 0 crythroc)tes from five donois in<ludin„ one ot us (Hou) 
t\as made first The results of the cold hemagglutinin l(St with eight sera from 
eight patients tested witli cells of these donois wtu lound approximateh the 
same Thereafter Hou’s cells weic used m ncaih dl of the tests lepoited in 
this paper 

TflF SLIDE METHOD 


Special medicinal droppera (one drop 'ipproMiiiateb tqui\jleiit to 0 05 cc) and 
special microalidea of 10 b> 4 bj 0 5 cm were used On tin, surface of each slide were ten 
snioothlj and e\enlj ground clianibcrs in two rows measurmj, 1 5 cm in diameter and 0 2 
cffl la depth In each of tho ten chambers 1 drop of ph^niologic siliiie was placed and the 
*3nie amount of the serum to bo tested was then added to tho first chamber iftcr the 
Mhno and tho serum had been thoroughl> mixed in tho first chamber 1 drop of tho mixture 
transferred to tho second chamber Siniilorl> twofold serial dilutions of the sorum 
from 1 2 to 1 512 were made No scrum was added to the tenth chamber which served as 
a sahne control Finally 1 drop of I per cent cell suspensions was added to each of the 
ten chambers The slide after being shaken was placed in the refrigerator at 0 to 4 C 
f®r two hours At the end of this period the slide was taken out from the refrigeratoi 
shaken gentlj and examined laimediatelj under the microscope with a low power objective 
fhe cell suspension showing barely visible agglutination was taken as tho end poinr 
Titers were recorded in terms of tho final dilution of tho serum multiplied bj two The 
kpecificitj of the test was checked by the disappearance of tho agglutination after the 
*h<lo remained m an incubator at 37 C for one hour 

Aside from tho regular slide method tests m which dilutions were first made in test 
tubes With pipettes and later performed on the slide were made simultaneously on sixtv two 
specimens to determine tho accuracy of the dilution by the dropper herein described The 
following results wore obtained Thirty nine out of a total of sixtj two specimens yielded 
the same titers by both methods of dilution Except for one the specimens showed a 
J'fference m titers of not more than twofold dilution of these thirteen gave higher 
in tests with pipette dilution and nmo in those with dropper dilution The last one 
‘bowed a higher titer m tho test made with the dropper dilution (fourfold) It ‘^cems 
reasonable to conclude that tho method of dilution with tho dropper is accurate enough for 
practical use 
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Among the ■s\orhers on cold hemagglutinin test there is a general agreement that 
it IS best to examine the serum cell mixture bj the tube method after refrigeration for 
fourteen to eighteen hours 2 Therefore during the present study manj tubes and slides 
Mere examined for agglutination after one, tno, three, and eighteen hours of refrigeration 
at 0 to 4° C Cold hemagglutinin titers nearly ahvajs reached the maximum at two hours 
for the slide method and eighteen hours for the tube method 

RESULTS 

Duimg the peiiod between May, 1946, and Apiil, 1948, 509 blood specimens 
wete collected fiom sixtj-two noimal individuals and 302 patients Each of 
these specimens was tested accoiding to the slide technique deseiibed Tlie tube 
test was suuultaneously peifoinied by Eose’s method ^ The lesults obtained are 
summaiized in Tables I and II 


TxBLE I CORKELATIOU OF COLD IIeMAGGLUTIMN TITERS BY SUDE AXD TUBE METHOD 


SLIDE 

iUBF 

\hG 

1 4 

1 s 

1 16 

1 32 

1 64 

1 128 

1 256 

1 512 

1 1021 

Tout 

Neg 

26 

33 

60 

48 

20 

1 

0 

0 

0 

0 

I'll 

1 4 

1 

2 

17 

33 

17 

0 

0 

0 

0 

0 

(G 

94 

ol 

44 

2S 

Id 

Q 

1 8 

2 

1 

22 

31 

29 

9 

0 

0 

0 

0 

1 16 

0 

1 

1 

11 

22 

15 

1 

0 

0 

0 

1 32 

0 

1 

0 

5 

15 

15 

7 

1 

0 

0 

0 

0 

1 

1 64 

0 

0 

0 

0 

0 

6 

17 

3 

0 

1 128 

0 

0 

0 

0 

1 

0 

6 

5 

3 

1 250 

0 

0 

0 

0 

0 

1 

1 

4 

1 


1 512 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

1 

1 1024 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Total 

29 

38 

105 

128 

106 

50 

33 

13 

5 

2 

Ovif 


Table I shows the coiielation of the cold hemagglutinm titeis between 
slide and the tube methods It is obvious that the slide method is moie sensi 
than the tube method Theie weie only nmety-foui (18 5 pei cent) 
whose cold hemagglutinin titeis weie the same by both methods, and eini^ 
(3 5 pel cent) specimens whose cold hemagglutinin titeis by slide met 10 


T^blf II Distribution of AIaximoji Titers of Cold HEjncGLUTiNiss by Slide M 

304 Subjects 


CLINICAL GROUP 
Normal induidual 
Primary atypical 
pneumonia 
Lobar pneumonia 
Pulmonary tubeieu 
losis 

Lung abscess 
Other respiratoiy 
diseases 
Tbc pleurisy 
and peritonitis 
Kala azar 
Tjrphus fever 
Typhoid fever 
Acute epidemic 
encephalitis 
Acute epidemic 
hepatitis 

Cirrhosis of liver 
Anemia 

Bright's disease 
Cancer 


XEG 

0 

1 


0 

0 

0 

11 

0 

0 

1 

1 


0 

0 

0 


14 118 
6 10 

0 0 

3 4 

2 6 

1 3 

3 6 

1 3 

3 6 

0 3 

0 1 

1 2 

3 0 

2 4 

0 4 

0 1 

0 2 


COLD IIF.MAGGLUTINIY TITERS 


1 10 I 1 32 


21 

0 

4 

13 

2 

3 


23 

2 

0 

0 


14 

0 

11 

11 

2 

0 


19 

1 

3 


11 

> 

1 

1 
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lower than those bj the tube method Tor the lemnnnv 397 (78 pei cent) 
specimens the slide method ga\e highei titers twofold dilution 141 (27 7 pei 
cent), fourfold dilution, 156 (30 6 per cent) cightlohl dilution 76 (I'i per 
cent) , and si\teenfold dilution, 24 (4 7 pci cent ) 

Prom Table II it seems clcai that tittis wti lai ivept in primary 
atypical pneumonia, while low titeis weie comumn in canons is well as 

m normal coutiols The highest titei of cold iiem Vpilutinins obtunal in our 
sixty two noiTual mduiduala was 1 64 Thmiim m The pioscnt stud\ onh 
titers abo\e 1 64 were considered significant 


DIbCl S.HION 

From tho foi'cgoing study the slide moth > I k uu lo )> inoic 
than the tube method It is to be noted that tin j tn ij »1 k (r]l and sfuim used 
m the present method is practically identical witn th ii jf the tuoe meth 'd The 
tlifference m the sensit^Mty of the two methoiK » sliuvnh tin xucsented 

m Table III can be explained only by the diffcx t < ii in m liotl ol examining 
agglutination The exact mechanism of tins plunouKn m » n )t %ct clear 

Despite the sensitncness of the slide methotl hmh n v i ot cold hcmagglu 
linms were stiU uncommon except m piimai U'pi li fun.ujuonm (.93 3 per 
<.ent of fifteen cases) But low 11101*8 oc<uucd mon iiMjiuid! in \aiious patho 
logic and normal seia It is of some mtciest that J3 » pir c*nt ot thnty foui 
cases of cirrhosis of the li\ei and 13 6 pei cent of cub \ out t ise» of kala azai 
showed significantly high titers of cold hcmagglutnuns 


Tabls nr CoupAEisoN OP Slide vvd Tude Cold HEMAtmoiM InEi d^ DirpEnssT 

ilETUODS OF tXAMIS\T10K 


__RErL\ 

\ Tiui' TITCes 



2 UR 


IS HR 

TITErS 

GKOSSLX 

{ Mil ROhCOI rc \M \ 

QUUSSJ \ 

i MK POSCOPIOALLY 


1 32 

0 


1 4 

3 4 

10 

2 

1 32 

0 


i 4 

1 4 

1 8 

3 

1 10 

0 


1 4 

1 4 

10 

4 

1 30 

0 


0 

0 

4 

ii 

1 3- 

0 


0 

0 



1 04 

0 


1 4 

0 

1 4 


1 10 

0 


1 4 

n 

1 4 


1 10 

0 


1 4 

1 



1 3- 

0 


0 

0 



0 

0 


0 

0 



SUMWARX 

A slide metliod foi the deteimmation of cold liemagglutmm titei Ins been 
aesenbed which 13 not only moic lapid but also simplei tlian the tube method 
It does not require tubes and seiologie pipettes In a 'vei'y small hospital labora 
it might bo adxantageous to escape the necessity of wasbin^ tubes and to be 
able to stait another senes of tests after meiely rinsing off the slide 
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Among the woihers on cold hemagglutinin test there is a general agreement tint 
it 13 best to examine the serum cell mixture bj the tube method after refrigeration for 
fourteen to eighteen hours ~ Therefore during the present study many tubes and slidea 
Mere examined for agglutination after one, ti\o, three, and eighteen hours of retngeration 
at 0 to 4° C Cold hemagglutinm titers nearly always reached the maximum at tivo hours 
for the slide method and eighteen hours for the tube method 

RESULTS 

Duiing the peiiod between Mat’', 1946, and Apiil, 1948, 509 blood specimens 
wete collected fioin six-ty-two notmal individuals and 302 patients Each of 
these specimens was tested aceoidmg to the slide technique desciibed The tube 
test was simultaneously peifoimed by Rose’s method ^ The lesults obtained are 
siimmaiized in Tables I and II 


TiXBLE I Correlation op Cold Hemagolutimn Titers by Slide axd Tube Method 


SLIDE 

lUBF 

^EG 

■1 

1 8 

1 10 

1 32 

1 64 

1 128 

1 256 

Neg 

26 


65 

48 


1 



1 4 

1 

2 

17 

33 

17 

3 



1 8 

2 

1 

22 

31 

29 

9 



1 16 


1 

1 

11 

22 

15 

1 


1 32 


1 

0 

5 

15 

15 

7 

1 

1 64 

0 

0 

0 

0 

2 

6 

17 

3 

1 128 

0 

0 

0 

0 

1 


6 

5 

1 250 


0 

0 

0 


1 

1 

4 

1 512 


0 

0 

0 


0 

1 


1 1024 

0 

0 

0 

0 





Total 

29 

38 

105 

128 

100 

50 

33 

13 


1 512 


1 10211 


0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

3 0 

1 1 

1 0 

0 1 


TOTU 

19i 

91 

ol 

41 

JS 

Ij 

s 

7 

i 

009 


Table I shows the coiielation of the cold hemagglutinm titers 
slide and the tube methods It is obvious that the shde method is inoie 
than the tube method Theie weie only nmety-foui (18 5 pei 
whose cold hemagglutinm titeis weie the same by both methods, an 
(3 5 pel cent) specimens whose cold hemagglutinm titem by shde nietio 


qriDE MEiaOD D 

Tible II Distribution op Mvximom Titers op Cold Hemicglutiniss by q 

304 Subjects 


CLlMCAL GROUP 

Normal indmdual 
Primary atypical 
pneumonia 
Lobar pneumonia 
Pulmonarj tubercu 
losis 

Lung abscess 
Other respiiatoij 
diseases 
Tbc pleurisy 
and peritonitis 
Kala azar 
Tj pirns fever 
Tjplioid fever 
Acute epidemic 
encephalitis 
Acute epidemic 
hepatitis 

Cirrhosis of liier 
Anemia 

Bright’s disease 
Cancer 
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reducing \ahe coiitiols the prcsi-suie in the tank and tlicielore in the cuff diiiing 
its inflated phaae, this is set at aiound 5 pounds piessuic uhicli is abo\e aitenal 
cutoff but IS not sufficient to cause local piessuie pain 

Transition from an inflated cuff to a totallj deflated one and vice aeisa 
occurs lu appioximatelj one fifth second This lesiilts in veiv little pooling of 
Wood m the limb, winch oceui-s luaikedly avheu the cuff is inflated to anj point 
belou systolic pressuie foi a long period of tune 



‘I'wntftaUve diagram and mechanic 

^ Uouble throw plate re 

?' 333 elans 

Single Dnio throw toggle switch 

0 000 ohm TOi”® ® throw toggle ST\itch 
and ^Irewound potentiometer 

Ts ctprt? carbon potentlom 

50 000 

0 ohm 3^ -watt resistor 


dranJng of the apparatus for producing 

i?5 40 megohm "uatt resistor 
116 0 megohm 3^ ■v>att resistor 

R7 100 000 ohm 1 uatt resistor 
Cl 0 1 mfd 00 volt paper condenser 
O 10 mfd- 00 volt paper condenser 
<7J 0 000 5 mfd “’00 volt paper condenser 
end C5 8 mfd. 17o volt, electrolytic con 
densors 

Tube I171.7/M7 GT 


appaiatus one can state in percentage the amount of time that 
phase \aiious states of ischemia can be reproduced Durmg the 

^^ood flott there is a eompensatoi-j tasodilatation t\hieh appears to be 
times normal For this leason significant ischemia does not icsult 
Wh h blood flotv IS appioximateh SO per cent of tlie cycle 

this is mcreased to 95 per cent seieie pain ensues both m man and m 
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clogs Dogs in the second stage ol Nembutal anesthesia will uneoiiscioiish wail 
loudly when this phase ot ischemia is attained and will cease wailing as soon as 
the ischemia is lessened Such lesnlts mav be lepeated within naiiow limits 
The leactions of animals to ischemia will be luithei aiialj^zed in e\peimieiits 
designed to elucidate the cause of pam in Bueigei’s disease, Baynaud’s disease, 
immcision foot, and acute poliomj elitis 


Erratum 

lu tht 11 tide lij LeRov mil N ilefski, “Uicuiii irol m Experimental MioniJiil la 
fuctioii,” 111 tlie ^ugimt, l‘) 4 S, I'-sue of the JoUKN vl. Table 1 slioiilil reail as iDUons 


PI OTHPOMBIN TIME 
("SEC) 

() 

7 5 
10 


PER CENT 

PfiOTIlKOlIBIN TIME 
100 % 

S 0 % 

00% 
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SCILiNTIPIC PROCiI{\'\I— 0( TOBF R 29 194[j 
FRIDAY MORNING, 9 15 A M 

1 \ STUDY OP PULMONVRl H\ PLRTEN-iIONI I\ CHRONIC 
HIPURTROPHIC PLLMOWR'i IHPHISLMV 

CiWG Bouden, UD, RLssri I U Wiison AID indRkhvruA Ebert AID 
AIinne-ipolis AIinn 

(Introduced n\ CEcir Jvmen AA u-on AID ) 

p 

tronliip “vears the presence of puImonar\ In pei tension in chionic b^pei 

of nrrht cmplnsema ln.s been suspected lienuse of the occurrence 

and failure, tlie picsence of riRlit \entiiciilj) inpeitiopln at autops> 

fieppntiA changes inteipictcd as induatne ot light heait stiam 

ouenp\ dc\elopment of ^enous cathcteiization ind the use of high fre 
artflrini ^^^aietei’s ha\c permitted the aceuiate measuiement of pulmonary 
in patients uith this disease 

averarTG patients ^\lth chiomc Inpeitioplnc i)ulinonan emphjsema the 
20 9 + 4 7 pulmoinis aitcn was 33 9 ± 10 4 mm Hg sjstolic and 

‘’01 + ‘5 7 -S® diastolic This is compaiod with an a\oi'ige piessure of 

subieefs J>}stoIic and 88 ±15 mm Hg diastolic in twehe normal 

067 liffl mean cardiac inde\ in the patients with emplnsema was 3 38 ± 

Inasmn ^ muiute and 3 59 ± 0 72 litei's pei minute in the normal subjects 

derated there is no leasoii to bclie\c tint the left aiuicular piessure is 
^aseula T ^mph>sema, thisstudr indicates that the lesistance in the pulmonal^ 
has hppi 1 mereased The abiiormalh high intrapUuial pressure which 
m ^ J*^eribed in emphysema would account foi a small iiortion of the 
aiteiial pressure 

^espirat featuie of the pulmonaiv aitenal picssuie in emplnsema is the 

hoainn variation charactenzed In a marked decrease in piessure at the 
■^e^inmng of inspiration 

^apaciu the emplnsema was e\alinted b\ measuiements of \ital 

lesidual an to total Imu \olume pulmouan emptMiig rate 
^orrelat o\>gen uusatuiation of nitcnal blood Theie was no (lefinitc 

Ihe between the dcoree of pulmonai\ In pei tension and the se\eiiU of 

monarv^ estimated b^ these nieasuiemcnts The de\elopment of pul 

faclni^ ^Pertension docs not appeal to bt ooinpletch dependent upon those 
p "bmh result in the loss of piiImonii\ function 
’^PifestSi fifteen patients had definite c\idence of right heait failure 
Pttssiir ^ peripheral edema hepatomegah and a markedly clesatcd senous 


p ixi me loss oi piuinojiii\ luncriun 

’^PifestSi fifteen patients had definite c\idence of right heait failure 
Ptessiir peripheral edema hepatomegah and a markedly elevated venous 
four patients the decree of pulnionai^ Inpertension was not 
ef cor ^1 from those without light heart failure The development 

appear right heait failuie in piilmonan emplnsema does not 
invol\p«^in ^ ^®risequence solelj of the pulmonan In peiiension but piobabh 
other factor’s such as chronic anoxia 
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2 STUDIES ON CARDIOEESPIEATOEY FUNCTION WITH THE 

OXYHEMOGEAPH 


Ben E Goodrich, MD, Vivlan G Behrmann, PhD (By Invitation), ,lnd 
Frank W Hartman, MD (By Invitation), Detroit, Mich 

PieliminaiA’- studies Avith the oxyhemogiaph have been conducted on pa 
tients subject to vaiying degiees of dyspnea lesulting from caidiac oi respiia 
toiy disabilities Young, appaiently healthy adults also weie tested 

Continuous leeoiding of the oxygen saturation of circulatmg hemoglobin 
Aias aftoided thiough the use of the oxjheniogiaph desciibed by Haitman, 
Behimann, and Chapman The initial aiteiial oxygen satiiiation at rest vas 
calculated from calibration aftei the patient piodueed a stabilized level while 
breathmg 100 pei cent oxj gen Aftei standardization, the subjects weie tested 
lu atmospheiic oxv^gen bj’' simple exeieises of bieatli holding and knee bending 
while supine and eiect The lesultant tiaeings weie chaited for comparison 
using aibitiaiy time mteivals and peicentage levels 

Eesults of these tests leveal difteiences m the degree and duration of 
changes in aiteiial oxygenation in vaiious individuals Healthy adults, asymp 
tomatic m daily life, vaiied greatly in the extent of lessened oxygenation pos 
sible by voluntary breath holding WeU adults showed moderate variation m 
the pel cent inciease in the blood oxj^gen satuiation concomitant vvith eseicise, 
although cessation of exeicise unifoiralv' lesulted in an immediate depression o 
oxyhemoglobin to or below the atmospheiic level The letuin to normal w 
prompt The exeieise was not of a degree that exhausted the s^ojec 
patients uudei similar tests exeieise was not associated with inci eased ox) le 
globiii Patients often exhibited marked hypoxemia with a delayed leco ) 
Not infiequeiitH recovery was stair step-like in appearance 

These findings indicate that both the degree of aiteiial unsatuiation an 
the character of the leeoveiy curve may be of clinical significance lifjig 
exercise curve may vary as to whether recovery is spontaneous oi ® 
administration of 100 per cent oxygen Charts present typical oxy i o 
Bionchospastic dy^spiiea is contrasted to structural Jatients 

tients with decreased cardiac reserve show abnormal curwes ^ i ^ 
abnormal curves may' be recorded evmn though svmptoms are denie 

These pieliminai’v studies indicate that the oDkemogiaph topi 
simple tests mav' piovm usetid m the difteiential clinical ev'aluatio 
lespiiatoij function 


3 THE PHYSICAL 3IECHANISM OF FIBEOTIC EEACTIONS 
SIL.AS M Evans, MD , and Walter Zeit, PhD , Milwaukee, IDs 
(Introduced by William S Middleton, MD) 


ti&ue 


Quaitz, cholesterol, and tuberculosis produce fibrous mpjg has been dc® 
which differ quantitatively but not quahtatively m histology between 
onstrated expeiimentaUy by others The symbiotic L^d 

and tuberculosis phospholipid have been repeatedly demons i against 

Fibrous tissue reactions are euiiently considered as j 3 un 

toxms and poisons in solutions It is pointed out that n , pibrous 
qualified physiologically' as a barrier against substancp in ^ am 

elements are adapted to confine stress in the economy 

disease, fibrosis contributes physical support to the bioiOn 
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The arcliitecturc of fibioua tissue icictiou confoinis with Newton’s equa 
tions of force Tins is dcnionstiatcd bj slides of biolosic prepaiations com 
pared Mith foice field preparations using magnets and non filings 

ifanj irreconcilable objections aie icco^uizcd bv those who ha\e reviewed 
the solubility tlieorj of siheosis These are cnumei ited These objections are 
reconcilable with anothei basic nonehcnucal mcthanism 

A seaicli for phjsieal propeities Loinmou to fibiosive raatcnils has ie\ealed 
that there is i dncct relationship between the fibiosne piopeities of a substance 
and its solid state molceulai s\mmeti> Detailed leports are in pi ess at the 
present time elaboiating this point 

Tho«e substances which exist in a st itc of moleeulai asMnmetr\ compatible 
with piezoelectric reactions aie obsei\cd to pioduco fibrosis PiezoclectriciU is 
a mechanism wheiebj mechanical and elcctiical encig\ states maj be comerted 
from one to the other in either direction A nioic detailed definition of piezo 
electricity is presented 

One phase of our picsont stud\ is picsented Barium titniiate was selected 
because of its spectaculai piezoelectnc piopertics its lack of solubilit}, and the 
absence of elemental silicon ui its clicmieal mal cup The preparation of am 
Dials is described and the results obtained arc presented with the use of slides 
and tables 

A reference xs made to the scope of the picsent pioblcm and rcpoits now 
in press 

Coiichisions — (1) Fibiosuc properties and piezoelectric properties of mate 
rials introduced into tissues are dirccth correlated 

2 The fibiosnc potential of a material selected on the basis of its phjsical 
properties alone lias been demonstrated 


4 THE EFFECT OP THE ANTICO \GULANT DRUCS UPON THE 
CORONARY FLOW 

N C Gilbert, MB v\d Lester Nvlefski MD (B\ Ixvitvtio'^) 
Chicvgo III 

Durmg the last few yeais the anticoagulant drugs, heparin and Dicumaiol, 
ha\e been shown to ha\e a fa\oiabIc effect upon coionary occlusion ilortality 
has been greatly reduced and peiipheral vascular accidents have been made 
Diuch less frequent through the use of these diugs It does not seem altogethei 
reasonable howe\er, that these results aic due to the anticoagulant action of 
thei^ diaigs alone When the ease reaches the attention of the phj siciaii the 
occlusion and infarct are alicady an accomplished fact Anticoagulant therapy 
cannot alter the alieady formed thrombus whate\ei effect it might ha\e upon 
future thrombotic processes Thcic is no definite evidence that the clot propa 
^tcs or extends, except on rare occasions and tlicie is a great deal of evidence 
hat the clot does not propagate It has been sho^vn also that many instances 
of occlusion aie initiated b> a siibintimal hcmoiihage Accoiding to Wartnian, 
ose latter comprise at least 18 pel cent 
pui own elmical lesults with coronaiy vasodilator diugs such as amino 
Phjlhiie followed by oial piepaiations of the xanthines, closelj parallel the 
results obtained by others with anticoaoUlaut thciap\ 

In experimental woil upon animals and upon tlie eniptj beating heart 
J'c lia\e been able to show that the use of either hepaiui oi Dicumarol mereases 
foe coronarj flow -volume With heparin the effect %aiies fiom no effect to 
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a moderate effect, depending upon the piepaiation Dicuraaiol, howevei, has a 
veiy definite effect upon the eoronaiy flow The effect is equal to that of tlie 
\anthines, and appaiently lasts longer We believe that the favoiable eftects 
lesultmg fiom the use of these dings aie piimaiily due to then action m m 
ci easing the eoionaiy flow 


5 COERELATION OF ELBCTKOCARDIOGRAPHIO AND PATHOLOGIC 
FINDINGS IN INFARCTION OF THE INTERVENTRICULAR SEPTUII 

Gordon B Myers, MD, Howvrd A Klein, MD (By Invititioa), A^D 
Tomihvru Hirat/ka, MD (By Invitation), Detroit, Mich 

In a consecutive series of 161 patients with pathologically estabhshed myo 
caidial mtaiction with Wilson piecoidial, standaid and Goldbeigei limb leads, 
infaiction of the mteiventiiculai septum was demonstiated in 102 patients an 
was aceuiately localized by means of coiouaiy injection with ladiopaque mass, 
loentgenogiam, and multiple mieioscopic blocks The eases weie classinea m o 
thiee gioups according to distribution of the pathologic lesion ( 1 ) e) ' 
largely confined to the septum, nine cases, (2) septal e\tensioii of an erior 
anteroposterior infarction, sixty-nnie cases, (3) septal extension ot pos erio 
faiction, twenty-four eases ^ 

The electiocaidiogianr furnished suggestive or diagnostic ° 03 

infarction in aU patients nr group 1 , in 80 per cent of group 2 , 1 r 

per cent of group 3 This evidence was derived from the , 1 ig„^ 

aU but three instances in which it was obtained from aVp The sta 
were of no help Diagnostic failures were prone to 1 third of 

portion of the infarct was limited to the posterior half 
the septum The eleetiocaidiogiaphic findings were classified as 10 

1 Complete auiieuloventiieulai block due to acute posteiosepta 

was present in two patients nnition 

2 QRS-T abnormalities diagnostic of infarction of the rphese 

of the septum were found in right piecoidial leads of forty [ a,id/or 

comprised ( 1 ) right bundle branch characterized by gig compki’ 

elevated RS-T junction nr V^ 2 in thirteen patients, (2) , nnwaidKST 

of normal duration in Vj 2 in five patients, (3) QS complexes ^ q ^yaies 

displacement in leads over the right atrium, accompany by a . pities m 

in leads farther to the left, in twenty-two patients QR®' infaiction 

Vi 2 that were considered suggestive, but not diagnostic, o_ l „nmnlev 


were found in eighteen other instances An abnormal LJS 


referable to infarction of the posterior portion of the sep 
lead aVp as a lesnlt of horizontal cardiac position in seven p 


qrS eoniplc' 
^ ded in 

attiib 


was lecoi 


3 Left bundle branch block was present in four A uy P^® 

utable to septal infarction 111 only one Patterns chainet aMb®*' 

longation, an mitral downstioke, and late intinisicoid jggaidial aiiteio- 

leads were present in ten patients, but rveie ascribed to sri 

lateral infarction rather than the septal lesion ^ iii'ob® 

4 Signs of anteroposterior infarction, considered patients 

ment of the intervening septum, were present in nine aa I'bl be 

The correlation of electrocardiographic and pathologic 
brought out by case presentations 
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6 BEDPAN DEATHS 

Johnson JIcCiuiul, MD, Robert Green MD (B\ lN\iTmo'^), 

SANFORD R COURTER II D (B\ IWITATIOV) JevN NoERTKER AB 
(B\ iNviTmoN), Arnold Iolvuer, MD Virgil Hvuenstein, MD vnd 
Jonv Brvunstein, JID (B\ Iv^xmov), Cincixnvti Ohio 

The notorious fiequenc} of sudden “iiid unexpected deaths of patients -wliile 
usiiio bedpans in liospitals has been commented upon foi man-v 3 ears 

In an attempt to discovei the factois lesjionsible for such deaths the aiitopsj 
protocols and clinical lecoids ot patients in the C nicinnati C eiicial Hospital \vho 
died on bedpans and Meie autopsicd ha\e been le\^e^^ed tor the ten \eai period 
from 1936 to 1946, inclusue 

A second appioacli to tlie piobleni of detciniinin" the causes of death in 
such cases has heen the measuiement of altciations 111 cuciilatoi) djnamics 
acconipanj ing simulated effoits of normal iiidiMduals and patients Mith oiganic 
heart disease to nioie the bowels 

The piecise mechanism of death in the twelve cases e\amiucd at post 
mortem (all with oiganic heart disease) was dctei mined m onK tliice instances 
(1) ruptured aoitic \alve (2) pulmonan embolism (3) luptuicd dissecting 
aneurj sm 

Intravascular pressures mcasiiied bv stiam gauges and graphicallv re 
corded in normal subjects and patients demonstiatcd maikcd rises of pressure 
during the initial phase of bcaimg down within the femoial arter> left ventricle 
pulmonary arterj, rioht vcntiiclc light auricle and peiiphcial veins Toward 
the end of the strain a fall 111 blood picssuic occiined subscqueiitlv a marked 
rise of pressure dev eloped 

Electroeaidiogiaphic tiaeings m twentv five normal subjects duiing stiain 
showed fii*st bradjcaidia then marled tachvcaidia Following cessation of 
strain, marked bndjcaidia developed Migiation of the pacemakei and pre 
matme coutiactions occasioiiallj weie noted Patients with oiganic caidio 
vascular disease showed few such changes 

Since the cause of death fiequcntlj is uot found at autopsv it is believed 
that cardiac arilijthmias 01 caidiac standstill mav be the usual cause of bed 
pan deaths 

Measures to combat such deaths arc suggested 

7 emetine therapy in the PRESENCE OP HEART DISEASE 
A Sodemvn MD New Orleans La 

Electrocardiogiaphie changes occur 111 25 to 50 pei cent of patients with 
iioinial heaits under emetine therap> and the drug is geneiall} considered con 
tramdicated m the picsence of heait disease AVe have studied eight patients 
111 whom advanced heart disease was present and to whom emetine was admin 
Lstered lieeaiise hepatic amebiasis was a greatci thieat to life than was the Imart 
disease In five closed drainage also was peifoimed All weie at bed lest Five 
had aiteriosclcrotic heart disease, two being at the time under digitalis tneiapj 
One had in addition, hypertension and Jniown previous congestive heait laihiie 
One had congenital heart disease with mteiventiicular septal defect and bundle 
hrancli block, anothei iheumatic heait disease with mitial stenosis Si\ 
showed abnormal eleetiocardiograms befoie emetine tlieiapy was started Under 
n controlled regimen of treatment with emetine dosage bised upon bodv v\ eight 
U nig per kilogram body weight daily not to exceed ten days) none of the pa 
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tients de’i eloped symptoms oi signs of lieait failuie Only one showed additional 
electiocaidiogiapliic changes attiibutable to emetine One death occuried thiee 
months and anothei one yeai following theiapy, both from othei Imoim causes 
In all patients the amebiasis was eifeetively conti oiled 

Despite usual warnings that emetine should not be administeied to caidiac 
patients, dangers fiom hepatic amebic disease at times outweigh those that may 
result to the heart from emetine and treatment should be instituted The added 
risk in the use of emetine undei these circumstances, when its need is gieat, 
must be accepted Adjustment of dosage schedules to tall within 1 mg pei kilo 
giam body weight daily for ten days was, in the eight patients cited, efteetne 
for the amebiasis and was aceompamed by no demonstrable adverse eftects on 
the already damaged cardiovascular system The use of emetine nr the piesence 
of heart disease is discouraged except when necessaij'' for forms of amebiasis 
endangering the patient’s life and not effectively treated otherwise 

8 THE PEESIDENT’S ADDRESS 

9 THE PATHOGENESIS OP ACUTE BACTERIAL LYMPHADENITIS 

Ralph 0 Smith, MD (By Invutation), and W Barry Wood, Jr, MD 

Sr Louis, jMo 

I 

111 an effort to clarify the role of lymphatic tissue in antibacteiial defense, 
a study has been made of the eellulai reactions nr popliteal lymph nodes ot la 
inoculated nr the foot pads with Type 1 pneumococcus 

Acute pneumococcal lymphadenitis is characterized by rapid 
polynioiphonueleai leucocytes into the intermediary sinuses of the ‘ , 
prompt phagocytosis by both the inaciophages of the sinuses and the re 
aiiued leucocytes By seven hours the polymorphonuclear leucocy 
found densely congregated about the hilar region, and nme horns a 
oculation the phagocyted organisms have been digested and pnermio ‘ , 
no longer seen in the node At the end of twenty-four hour’s the node P 
the picture of a subsiding inflammation with a marked macrophage 
and legeiieiatmg follicles 

By eradication of hilar blood supply, direct tliat the 

pneumococci, and analysis of cells in afferent lymph, it has been 
majority of polymorphonuclear leucocytes entering the mteime 
come fiom capillaries hnmg these sinuses, whereas the leucocytes p fggtpad 
subcapsulai smus come from the piimaiy inflammatoi’y iocns ™ llic 

as well as from capillaries of the capsule and the subcapsulai p 
Collides 1 occurs 

Phagocytosis of pneumococci in the foot pad and Q^iptness wjtb 

less than thirty minutes after inoculation Because „ gmface aiM 

which the phagocytic reaction takes place, and because ° „ of the foo^ 

afforded the leucocytes by the nodal sinuses and inteistitm^ nface phago*^!**^ 
pad, it is assumed that the same ironantibody mechanism ot ^oina 
sis” is involved as that previously desciibed in expeirmentai p be 

Fibim formation m the sinuses of the node is rare „).'eell 

related to the observation that five minutes after inoculation, gjpuses of Ibe 
which are known to contain herapin, are strewn thiorighou ^jgpxiles, Lter 

node The mast cells become vacrfolated and almost devoi = 

then granules appear to regenerate ifection, bacteri*'' 

These studies mdicate that, eaily m the course p ponse iR the no o 

reaching a regional lymph node elicit a prompt leucocy ic 
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The resulting cuhaucemcnt of filtiation due to the coiipiCoatiou of leucocytes in 
the hilar sinuses and the immediate phagocytosis of bscteiia in the absence oi 
opsonm lead to rapid dcstiuction of landing oigamsms Thus an acutely in 
flamed lymph node, so frequently regaided is a passiie filtei, in reality pla^s 
an active role in antibacteiial defense 


10 ANTIBODY FOIMDVTION IN HUMAN SUBJECTS FOLLOWING 

THE INGESTION OP HEAT KILLED BRUCELLA ABORTUS 

Abrihaji I Bkvude, MD, vnd Dvmd Gold BS, Minneapolis Minn 
{Introduced d\ AVeslea AV Spink, AID ) 

The agglutination test is used widely in the diagnosis of bruueUosis Can 
tion must be e\eicised m its inteipretation however because agglutmins aie 
known to appear in the sera of pcisons intliout Inuecllosis Eisele and MeCii 
lough have found that positiio BiuceUa agglutination tests develop tollowing 
cholera vaccuiation This piobably accounts for onh a small percentage o 
false positive leactions At the Univeisitj Hospitals Aagaaid has observed 
that Brucella agglutmins vveio picsent in 9 3 per cent ot blood samples oD 
tamed from consecutive luial patients who weie being studied in a dispe^ary 
service for various cases The following investigation was undeitalicn to aetei 
mine whether the repeated ingestion of nonviable Bnicella organisms in mux 
would produce demonstiablo agglutinms m the seinm 

A prelimmary stud, disclosed that no agglutmins appealed iB 
Suinea pigs following the oral administration of 100 bilbon heat killed BvUr 
cclla ahoriiis organisms in single oi divided dosages The same dose was 
given in aqueous suspension to tvventj thiee human volunteeis in a smg e 
feednig and it was found that seium agglutmins had developed m four suo 
jects An attempt was made next to approximate the natuiilly ocouirin„ cir 
curastances whereby Btucella entei the gastiointestinal tiact in pasteumea 
milk. This was accomplished bv the daily feeding to thirtv sl\ liospiyl Pf 
of 100 million heat InUed BiucelH organisms in pasteurized milk obtained trora 
Brucella flee lieids Aftei ten to twentv feedings 

four weeks signiflcant titers of agglutmins wcie detected in eleven of the y 
six persons When the total number of mgested Brucella was reduced to o e 
million dailj, it was found that one of eight additional patients shovved a rise 
m titer In a total of sExty nine mdividuals agglutmins vvere pranced 
sixteen following the mgestiou of nonviable Brucella under these vaiyin, eon 
diUons Titers ranged from 1 20 to 1 640 

The abihtj of dead Biucella to sensitize the skin to 
investigated in eighteen persons vvlio ingested 100 million orga i . , ^ 
ten to twenty feedings Sixteen of the eighteen had negative skin tests v h 
BruceUergen antigen aftei the feedings weic discontinued ^wo peKons vv t 
positive tests at the beginning of the expeiiment showed no “’‘f ™ ‘ 

sensitivity as a result of the feedings The sera of thirteen subjects in whom 
nsantinins foi BraceUa had appealed wcie also tested for 
'tfter the ingestion of Brucella In seven of these thcie was an increase of ten 
to ninety ov ei the initial opsonoc} toplngic index 

^ Prom these lesults it is concluded that the oial ‘f ® 

Brucella nnv use to the pioductioii of a.glutnims oi opsonims but not to 

the acquisition of dermal hjpeisensitivitj This is offeied 

for the fairly high incidence of agglutinias in the blood ^'"Pt^r “a 

'the mhahit areas where Bang’s disease is pievalent in cattle Under naturally 
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occuiiing conditions these dead oiganisms may be ingested in pasteuiized milk 
or may lesult fiom the action of gastiic jnice on living oiganisms vlncli entei 
the stomach in law miUt Data have been accumulated demonstrating the 
maiked anti-Biucella action of human gastiic juice 


11 THE DEVELOPMENT OF STKEPTOilYCIN-RESISTANT 
BACTERIA IN THE STOOLS OP PATIENTS TREATED 
FOR TUBERCULOSIS 

Morton Hamburger, MD, Jerome R Bermvn, MD (By Ikhtitiov), 

AND Angelina Pabrizio, MS (By Invitvtion), Cincinnati, Ohio 

The development of stieptomyein-iesistant pathogens dining stieptomjcin 
therapY’’ has been demonstiated often enough to establish this phenomenon as a 
seiious theiapeutie and public health iisk Howevei, no studies liaie been made 
of the efteet of stieptomjem theiapY^ on bacteiia which noimally lead a sapio 
phytic existence in the bodY'^ but which aie neveitheless potentially pathogenic 
To iiiYestigate this pioblem, studies have been made ot the stieptomY’cin le 
sistance of eohfoim bacilli in the stools of patients given stieptom}cin for 
\anous tY'pes of tubeieulosis 

Samples of stool Yveie obtained Yidieii possible piioi to theiapY, and at 
various inteivals dining and after theiapy Saline suspensions of the stool iveie 
streaked on each ot tYvo plates an eosm-methylene blue plate and a siiiiiar 
plate containing 100 jug stieptomjcin pei cubic centimetei Giovth vas le 
corded aftei tYventY-foui, foitY'-eight, and scy eiity-tivo horns of ! 

photographs of the plates Yveie made, and representative colonies 
foi more aeeuiate detei mination of stieptomYmin resistance m a serial dii 
test 

The stridv included seven patients Yvith miliaiv tuberculosis, 
nonmiliaiY pulmonaiY' tuberculosis, six vitli tubeiculous peritonitis an 
with tuberculous pericarditis All received 1 or 2 Gm of stieptoni} 
intramuscular Iv for one to tYvelve Yveeks, but no stieptoniYcm bv ai 

9 'no " 

Colon or aeiogenes bacilli Yidiich grew fieelv nr 156 to more 
stieptoniY cm per cubic centimeter of medium appeared during tiea 
stools of six out of seven patients with miliary tubeieulosis j jjj onh 

patients vith tuberculous peritonitis, hut nr no case of peiicaiai stiaias 
one of eleien cases of nonmiliaiy pulmonaiY tuber culoms , 

from these patients Yveie inhibited Dy’’ 0 6 to 2 4 /rg per cubic cen i 

The ecologic relationship in the stool between sensitive le 

variants Yias interesting Though sometimes the resistant after 

placed the sensitive strains diiiiiig treatment, sensitive baei i j,gsistant 
cessation of theiapy and usually ultimatelj’' completely .jjyeiariant^ 

forms This phenomenon Yvas not a reversion of resistant to strains 

nor a manifestation of “ streptomj'-cin-dependencYL ” (..gptonpem h“ 

retained then resistance after more than 100 passages m 
broth and after tYvelve passages through untreated mice decieased at 

In tYVo patients with tubeiculous peritonitis, ^^gment 

number or disappeared during the stage of clinical imp 
patients Yvere still receiving streptomycin 
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12 BACTEREMIA FOLLOWING TOOTH FXTKACTION 
PREVENTION WITH PENICILLIN AND 
3 4 DIMBTHl L 5 SULFANILAMIDE ISOXAZOLE 
(GANTROSAN) 

PiulS Rhovds,MD. indWviwexR Schbvm DDS (B\ iNMTmov) 
Ckicvgo, Ili 

With the Techmc^i. Assistvnle of Dork Adaib 

Tho present studj was undertaken with Pacteremia^ can 

coufirra the contention o£ otliei unestioatoi's immediate^ after tooth 

be demonstiated in a faulj high peicentage o P 

eHractioii., (2) To lean, if j^lerrnc uVe effeetn eness of 

tcreraia Mhen e\tiaeted 01 traiiiiiatKed t IC ,„,la,nide Hioxazole (Gan 

Dcnicillin and a nen sulfonamide, 3,4 “ 'rbaeJena 

Irosan), in pretenting the blood stieam dissemina aftei teeth 

Onehundied tivenO tuo blood o«ltuies tte.c done immediatg^ tee^h 

were e-ctraeted either because the teeth tteie i patieiifs receitcd Ultra 

for Ml dentures In “ ?l,00^000 un before eNtiaction 

musoulai procaine poiiicilliii m oil ( 300 , 0 U 0 units) ^ 

anil the blood oultme was posititc in O™ (J P acucous solution two hours 
patients leceiving 100,000 units of P®'"®'”"' , , s' cultures Eighteen blood 
before tooth extraotion there weio Pf J^ o^^Gontrosan oiallj two hours 
cnltuies were from patients who received 2 I m mj j j,j entire 

before tooth evtiaction and none of these fr pet cent In 

protected group the incidence of temporan , -gpeivcd no pieoperatne 

the control group of sivtj eight P/ nonheraoljtio 

medication 35 3 per cent of the blood cultuies were positne 

streptococci sninncd off roots of the teeth ev 

Quantitative cultures were PL i„ the protected and non 

traded The bacterial counts of the ^ , attempting to coiielate the 

protected groups weie approNimaUj ^ j gm,„ts of the loot ends and 
roentgen appeaiance of the teeth Uuig,, no constant lelationship 

incidence of postoperative positne blooil cuitu , gj^ted with post 

could be determined PranWy roent-'enogiaphicalb negative 

estraction bacteremia a little nioic often t f,nm'’e'.traotioii of the latter 
teeth, but in manj instances bactciemn resulted from eAtraetion 

The extreme .mportai.ee of protecting persons 

disease with penicillin or ®L^”““’l“‘^w*’mohablj precede all tooth extractions 
he on the safe side the pioceduic should piobaUl} preceuc a 
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13 RELATIONS BETWEEN VOLUMES OP CLOSED 
HYPOTHERMAL CEREBRAL LESIONS AND 

syjviptoms in rabbits 

C Bruce Taylor, M D (By Invitation), George M Hass, jMD , ind 
John E Mvloney, MD (By Invitation), Chicago, III 

Acute closed ceiebial lesions chaiacteiized by liemoirliage, neciosis, and 
piogiessive edema weie piodueed bypotbeimallj'' m labbits without inteiiupting 
the continuity of the calvarium oi intioducing vaiiables mcidental to meehamcal 
tiauma The dimensions and locations of lesions in the ceiebiuiii ueie con 
tiolled so that they could be lepioduced topogi aphically and quantitativel}' in 
successive animals Although liemoiihage, edema, and neciosis vaiied shgntlv 
in lesions which iveie otheiwise identical, the vaiiations weie lestiicted to 
disci ete volumes of in]uiy „ , 

When unilateial oi bilateial lesions of the ceicbinm occupied less than 
volumes pei cent of the bram, symptoms weie negbgible When the lesio 
occupied 9 4 to 18 5 volumes pei cent of the biam, seveie symptoms 
in many animals The data indicated that the minimum lethal ^ , 

bial damage m 50 pei cent of moie than one hundied animals was 14 o 
of the volume of the biain Seveie elmical couises with an average jv. 

duiation of about seven houis and fatal teimination always ^ ...ty 

lesions occupied moie than 18 5 volumes pei cent of the biam A gieat m j 
of the animals that died had a noimal postopeiative peiiod of gjjj 

ondaiy lapse into stupoi was a dependable indication of impending co 
eventual death within twenty-four houis aftei the time of comple ion 
operation , 

These data indicate that a quantitative expeiiraental „efeiizoi 

lem of tieatment of acute expanding closed intiaceiebial ^ostopeiahie 

by local neciosis, hemoirhage, and edema can now be made I he p 
duiation of life can be piedicted from the magnitude of the lesio ^ 
piodueed and this duiation is sufficient to peimit evaluation i g(j mtra 

methods now used empiiicaHy in the tieatment of acute expancimo 
ceiebial lesions in human beings 

14 para-aminobenzoic acid therapy in sclebodeidlv 

AND LYjHPHOBLASTOMA CUTIS 


Chris J D Zarafonetis, M D , Ann Arbor, Mich 
(Introduced by Prank H Bethell, MD ) 


acid 


Pievious lepoits have dealt with the eftects of P®^®, jeiniatihs 

(PABA) in leucemia, lupus eiythematosus, ’ug the results oi 

heipetiformis The puipose of this communication is to jj^yastoiua cutis 
PABA theiapy in patients with scleioderma and witli J i 
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The patients used in tins study weic imdc avnilaWe b\ l)i \ C Curtis, Pio 
lessor al Dciin itolo^'y at tho Uimcisity ol Miclii^au lii dn il 'school 

Fi\c pntieiits, presenting a wide range of scleiodoiiniitous involvincnt, iveie 
treated with sodium (NaPAU) and/or potassium (KPAB) pan amiiiobeiuoate 
Iraproveniuit occurred m foui and uas most evident in tin moic extcnsivclj 
involved patients The scloiodeim itoiis areas gi nlinllj softened and became 
tlimncr with consceiiient increase in inn^e of motion of the sffcctcd pait Tho 
fifth patient developed dm^ fever and tlicrapv was distontimied 

Simihrly, five patients with hmphohhsfoma cntis wire ticitcd with 
NaPAB All espeiieneod relief fiom pniiitis and objci tivi iinpiovcment of the 
sltiii This was clnraetcrivcd by diminution in eivtheiiu snd infiltration 
Treatment uilh NaPAli was discontinued in ill fn< bcciusc of the (lc\elopment 
of edema One of these patients was changed to ICP Ut thciapy with loss of 
edema and striking, iinpiovcment Treatment vvxs maintained for nine months 
in this subject Of incidciilal interest has lictii the loncomitint dirhonmg 
durm, thciapy of the patient’s previouslv giav lun 

Administration of lingo amaiiiils of PAB \ compounds losults in glycosuria 
Tills may not ho voufied in fciiiieiitation tests since tin roncaitntion of PABA 
m the uniio of these patients will inhibit yeast fcimi ntatum activity 

All other forms of therapy for thin iispcctnc disnrdi n had heen attempted 
in these patients botoro PABA thoiapv was iiiidvitnhcii It would seem there 
fore, that P VBA has a practical tiiou„h limitid value in the treatment of 
scleroderma and lymphohlastoma cutis lloie iinpoituil jicrhaps is the pos 
sibility that fuUhoi study of PABA mav vicid inform itioii as lo tho mechanisms 
Wifllied 111 these anti lolated conditions of unknown ttio/ii(.v 


15 THL INUIBITOBV LFFBCT OF NITROOLN iMliSTARl) (BIS BCTA 
CnLOROBTinL AlirNB) ON TUB DBVBI.OPiUI NT OF IIUJfOIvAL 
ANTIBODIES, CUTANEOUS IIV PI RSENSI flV LNESS AND 
VASCULAR LESIONS IN RAKBnS hflLLOWINfJ 
INJECTIONS OF HORSE SI REVI 


Samucc C BUKitNTz, M D (By iNviTVTiov) fjusrvvc 7 Dvumin, MD, 
Khnii S Wilson, JI D (By Invitvtion), vni> Maiiv C Joiinsov, A B 
(By iNvn vTiON), Si 1 oiiis JIo 


The vascular lesions that appeal in the lubbit following the injections of 
horse serum are similar to those obscivcd in rcrtain diffuse viiseulai diseases in 
man The latter are behoved by some to risult fiora hvpeiseiisitivtiiess Bo 
eiusc of these similaiitics the pitliogcnesis of llio cvpermicnt il lesions has heen 
intensively investigated The lolationslnji of Iminoial antihodv and cutaneous 
nyperscnsitiv encss to the vasciilai lesions is still to be defined Conilieting 
reports have been published eonceiiiing the influence upon tho vascular lesions 
af Various agents behoved to nffeet iiitibodv foimatioii, iuti„en antibody 
combination, or the cellular effects of the litter 

Antihistaminics were used in oui initial attempt to modify the vascular 
iivioiis Neither Benadryl noi Neohctraminc vvis ohscived to iffeet the lesions, 
the development of antibodies, or cutaneous by peiscnsitivenes.s 

Because of the ability of sulfur and nitrogen iiiustarils to suppress antibody 
lormation (Ilektoen and Corpci, Plnlhps iiid cowoikeis and &purr), wo in 
voAtigated the effect of iis beta chloroctliyl iminc (IIN ) on the foiniation of 
antibody is well as on the development of ciilineoiis hypci-sonsitiveiicss and 
''ascular lesions 
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A gioiip of labbits -tteiglung 2 0 to 2 5 kilogiams weie given, at foiu dai 
inteivals, a total of seven intiavenous injections of 0 5 mg HNa pei kilogiam 
Two days aftei the thud injection, each leceived 10 cc of hoise seuini per 
kilogiam intiavenonsly A second gioup of labbits leceived an identical dose 
of hoise seinin at the same time, but was not tieated with HNo Two dajs after 
the seventh mnstaid injection and fouiteen dajs aftei the seium injection, all 
animals iieie skin-tested with vaiying amounts of hoise seium attei ivhicli the\ 
weie saciifieed Blood seiiiin samples obtained one week after injection of 
hoise seiiim and again at the time of saeiifiee weie studied foi the piesence 
of hoise sei 11111 antigen and antibody by pieeipitin tests Pooled teinimal seiunis 
of the two gioups weie sepaiately anahzed quantitatively foi total antibodv 
nitiogen 

A maiked lencopenia and modeiate bleeding tendency dei eloped in the 
HNo treated animals but they othenvise appealed healthy and gamed ycight 
Antigen peisisted the same length of time in the iiii tieated as m the tieated 
labbits Antibody appealed after one w'eek in the eontiol animals but not until 
the end of the second week in the miistaid-tieated gionp In the pooled teimnial 
seiums of the eontiol gionp 0 062 mg antibody uitiogen pei niilhlitei ivas 
piesent and but 0 031 mg in the tieated Theie was modeiate suppiession ot 
skin hypeisensitiyeness in the HN- tieated gionp Eighty pei cent of the con 
tiol gionp deyeloped aiteiial and endocaidial lesions wheieas theie were no 
vasculai lesions obseiyed in the tieated animals 

'While the data suggest that humoial antibody is impoitant in the patlio 
genesis of the expeiimental laseulai lesions, this has not \et been coniplee) 
established, in view of the knowm effect of HN> upon pioteni 
enzv me si stems othei than those myolyed in antibody foiniation In . 

we ha\e found that HNo in yitio had no effect upon the piecipitation ot ra 
antihorse seium by hoise seium , 

Summai y — The nitiogen mustaid, his beta chloioethyl amine, was o seive 
to suppiess the development of humoial antibodies, cutaneous hvpeisensi n i 
and the laseiilai lesions in labbits induced bi hoise seium 


16 EFFECT OF EUTIN UPON THE KESOKPTI’V'B TOXICITl 
OF CEETAIN DEU6S 

E K Eichards, jMD , North Chicago, III 

Attempts to demoustiate an effect of lutin upon the of 

mental methods have met with but limited success Eecent y, 
trypan blue diffusion aftei local nutation of the skui of labm „,e^eiition 
sciibed (Ambiose and DeEds, J Phaim 90 359 , 1947), and also „ ^ g,ol 
of iiiadiation injui^ in lats (Giiffith and co-woikeis, Pioc oo 
XMed 64 332,1947) .niUative measure 

These pioeeduies do not lend themselves leadilj to a cjua 
of lutin action (Pat 

A new appioach to this pioblem is based upon oiii ° ^th increased 

sodium bisulfite in small concentrations (01 to 0 4 pei een ) o ggjgd ultra 
toxicity of epmephiine oi piocaine if added to the drugs pbenom 

musculailj oi subcutaneously, but not intiavenously Tms bisulfit® 

enon” was showm to be due to a local effect upon the capulaii between 

ion causing a fastei absoiption late Only dings havmS u w’l ^ positue 

the intravenous and the subcutaneous oi intianiusculai toxi j 
bisulfite phenomenon 
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If rutin IS injected intiaveuously m lats piioi to the adminibtiatiou of the 
tOMc drugs to ^\Illeh sodium bisulfite Ins been added tlie inci eased toMCity of 
epincphunc is greatly reduced without alfectiii^ the to\ieitA of epmephiine as 
sucli This pioccdmc peimits a quantitative estimation of mtin action upon 
the capillanes 

A similar effect could be dcmonstiated against the inoieased toxicity of 
prociine caused bv sodium bisulfite Howe\C! in eontiast to the obseivations 
with epinephrine rutin also dccicascd to\ieit\ of plain piooaiiie solutions It 
i\as shown that high conccntiations of piotaine exeit a dilating effect upon 
capillaries winch is antagonized b\ rutin 

Definite reduction of toxiciti b\ picMous lutni administiation could also 
be shown with strychnine but little if am with ifetiarol The foimei of 
these two diugs has a much gieatei inai^in belwcen the intia\enous and the 
intramusculai toxicity than the lattei thus the piolon^atioii of the absorption 
pmduced b\ rutin peimits the detoxification of tlie diu„ to become paitialh 
euoctue The desciibed pioeeduies peiinit tbc usi of bisulfite phenomenon 
and the deeuise of the alisoiptue to\Kit\ of coifain duus as a tool foi fiuthci 
fescaich on rutin on othci dings with specific effects upon tlie capillanes 


EPFKCT OP SEDATIVES ON URIN\R\ \ OLUML OF 
PREGNANT WOMEN 

WnrisL Brown MI) J T BiivDnim sc 1) \\n Otto I Rrittshv^r JID 
low V ClT\ low V 

(iNTRODUCFUin \\ iVI EoWIl-R All) ) 

One of the caidmal findings in toxemia of picgnanc\ is edema In a 
preuous communication before tlm Sociot\ wc icpoited the effectiveness of 
arious diuretic agents in the mobilization and exciction of sodium and watci 
repoits oui observations on tbc antidmietic effect ot moiphine and 
iiier sedative drugs in piegnant women 

A senes of patients was given a constant mtrivcnous infusion foi five hoiiis 
act homly unne specimens woic obtained foi eight liouis On test days these 
''Gie given injections of a sedative and the c/Tcct on the luinaiy output 
u chloride c-xcretion was mcasuicd Moiphiiic leduced the uuiiaiv output bv 
per cent without am significant altciation in total luniaiy chloiides The 
Rid letention was fiuthei manifested b\ a ti lusitoiy nicieasc in body weight 
senes of patients was given oial fiuids as a liquid bieakfa&t of 
» uU ec duiiiig the houi of 7 00 to 8 00 v ir The urine volumes wcio then 
easuied at hourly intervals for fom houis On test davs the sedative was 
g one horn after the Iniuid bicahfast jMoiphine Demei ol codeine 

d Amvtal caused similai depicswoii ni uiinaiv volume Paiildehyde and 
'Grtm have not been found to have an aiitidiiuctic eftect 

DeBodo lepoited that moiphme caused a release of the antidmietic hormone 
^ om tlie pituitarv in dogs Studies vvcic uiideitakeii to deteimine the mecli 
df this antidiuresis m women The siniilaiitv of lesponse bv nonnal 
diid patients with dnbetes msipidus to moiphme suggests that this 
eftect IS not mediated thiough the posteiioi pitmturv Since hyp 
did not induce this lespoiise it is appaient tint the antidiuresis 
effected by some mechanism othei than sleep itself 
^ obseivations suggest that moiphme and similai diiioS should be used 

^'lution m Ldematous states Tables and gnphs will present these data 
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18 EVALUATION OP NEUEOGENIC AND HTOIORAL PACTOES 
IN BLOOD PRESSURE jMAINTENANOE IN NORMAL AND 
TOXEMIC PREGNANCY USING TETRA- 
ETHYLAmiONIUlM CHLORIDE 

Albert A Brest, MD (By Invitation), N S Assali, MD 
(By Invitvtion), and Eugene B Perris, MD 
Cincinnati, Ohio 

Tiansient elimmation of neuiogenic tone by the action of sympathetic 
blocking agents has affoided a new physiologic appioach to evaluation of 
mechanisms opeiative in sustaining blood piessuie at noimal or hypertensive 
levels Tetiaethylammoniiim ehloiide (TEAC), administeied mtiavenousl) 
in 400 mg doses, induces a tempoiaiy blockade of impulse tiansmission at 
the autonomic ganglia When neuiogenic tone has been abolished in this maiinci, 
the aiteiioles lemain lesponsne to humoial agents, and thus the leniainmg 
blood piessuie (TEAC flooi) must be maintained by humoial mechanisms 
togethei -with intimsie vaseulai tone 

Toxemia of piegnaney vith its attendant hypertension has long been re 
garded as a humoial disoidei despite the lack of johysiologic evidence 
effoit to evaluate the lelative importance of humoial and neuiogenic factors 
m the blood piessuie of patients with toxemia as well as those ivith noima 
pregnancy, we haie utilized TEAC assay to study ten normal nonpiegnan 
women, ten normal teim piegnaiieies, eighteen cases of pie eclampsia, a 
five cases of eclampsia 

In each of the normal term pregnancies, the piepaitum ^ 

autonomic block was a marked fall in blood piessuie to mean levels ot , 
mm Hg Within tii enty-f oui to forty-eight houis post paitiim, aU these p 
showed a stiilang use m TEAC floors, the responses coiiesponcling e\ac } 
those of the normal nonpiegnant controls 

Strikingly different responses occuiied iii the patients with 
paitum TEAC floois invariably lemamed elevated above those ot 
controls and were consistently 25 to 70 mm Hg liighei than those o 
pregnancies With subsidence of toxemia post paitum, floois . |jg of 
to the normal nonpiegnant range The diastolic TEAC flooi H" w 

the greatest significance in these studies, for it nevei fell below ^ ^]ie 
toxemia vet was never higher than 56 mm Hg m noimal 
highest diastolic floors consistently occuiied in those patients w 
were most toxic, legaidless of the height of the pretest blood pressure 
The results suggest that (1) The hypeitension of toxemia o 
IS supported primarily by an excessive degree of humoral peuro 

the blood pressure in normal term pregnancy is maintained non"*'*' 

genie and mtimsic tone (3) Withm forty-eight hours P°®y““ 3 (Inimoi-d 
pregnancy there is a letum to nonpiegnant control |„fui aid i» 

piedominatmg) (4) Clinical assay with TEAC may be ^ seieiit} 

diagnosis of toxemia of pregnancy and in the e\aluation ot ci a 
during its course 
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19 THE EFFECT OP WATER BY VEIN ON THE MORE SEVERE 
COJEILICATIONS OF CARDIOVASCULAR RENAL DISEASE 

P R SoiiEMM, MD, VND J A Lvwt M D , Ore^vt Fills Mont 

Our most seriously ill p itieiits sboucd the gieatest need foi plain water 
and were the least able to take oi ictain adequate imounts by mouth With a 
proper legulatiou of sodium intake, including a minimal uso of plasma, blood 
and other sodium laden solutions iihieli jield no fiee water thej iieie ^iven 
plain water hjaiem in amounts designed to lestoio and maintain water balance 
The solutions used lu about 500 periods of ohseiwation contamed 50 oi 25 
Gm of dextrose (quieklj oxidized oi stoied) in 1 000 c c of distiUed watei 
iibicli is quickly dispeisod thioughoiit the 50 litei's of total bodj watei The 
usual lolunio given was 1,000 c c , with a langc of from 500 to 2 000 c c at one 
tune The total amounts giieii in one daj i uigcd fiom a 500 cc supplement 
to from 3,000 to 6 000 e e dailj when the oial intake was ml or negligible The 
rate of flow was from 10 to 20 ee pei minute (It would lia\o lequiied too 
many hours to admiuistei the lai„ei totals at slowci rates and it was noted that 
icactions oceuiied moio fiequentiv with the ftti,.ue and annoinnce of long 
drawn out venoelyses ) The ofteot of the laigci amounts of fluid by \oiu was 
obsenedoiei peiaods of from flic to thiitv fixe conseciitiiL daxs 

Theio was no detectable clinical oi lahoiatoii e\idonce of haimful dilution 
observed immediately after a venoeljses or aftci sexeial daxs of large amounts 
of these isotonio or hypotonic dextiosc solutions At the moment of completion 
of a icnoclysis the clianges in xenous prcssuie xxerc found to lange fiom a drop 
of a few centimeters, tliiougli no change to a rise of as much as 13 cm no ob 
JCctixo or siihjectixe exidenco of left xcntiiciilai failuie oi pulraonarv edema 
were noted with the rises in xenous picssuic The xenocljses did not piecipitate 
pulmonary edema m some cases which had leccntlx experienced an acute pio 
fuse attack, and letinal edema and choked discs weie seen to mipiove and con 
rulsions came undei control during some pciiods of observations 

In severe myocaidial infarction with shock the xvatci bj vein was used ef 
fectivelj to pievent the dexelopmcnt of anuria and azotemia, or foi then cor 
faction Severe congestive failuio tliat had insisted sodium restiiction and 
acid and meieuiial diuretics was observed to lespond to the increase ni xvater 
mtake made possible bj intiaxenous supplements 

In manj instances, what appealed to he an anuria with uremia due to so 
called icnal shut down proved to be an anuiia due to an inadequate uitake of 
Warn water For water became available to the kidneys and they elaboiated 
t ? n fuadily again, only aftei a large existing plain w atei deficit of from 4 000 
xnl 1 ^^ oc and a high daily xaponzatioii loss of 2 000 to 4,000 cc weie pio 
lur In tliese patients the laige amounts of plain xvater oiven sometimes 
ntirclj by vein did not induce heart failure and relieved the anuiia and uremia 
” bout resort to decapsulntiou of pentoncal lavage 
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20 THE NATURE OF THE ALTERED RENAL FUNCTION IN LOWER 

NEPHRON NEPHROSIS 

Daniel Ma.rshall, MD (By Invitation), vnd Willlui S Hoffman, MD 

Chicago, III 

Seiial deteiiiHiiiitions of cleaianees of mannitol, p aminohippuiate, uiea, 
and cieatimne, and of tubulai exeietoiy mass weie cairied out m tliiee sub 
jects in the phase of diuiesis and lecoveij’^ liom lowei nepluon nepluosis In 
addition, uiine-plasma latios of nonpiotein nitiogen weie tollowed m these and 
thiee otliei patients with lowei nephion nephrosis dining the whole couise ot 
illness With these data it was possible to e\tiapolate back to the peiiod oi 
oligiiiia and lecognize the geiieial natuie of the tunctional alteiatioii 

In two subjects the fiist function tests gave negative values foi tuhulai 
exeietoiy mass and impossibly high values foi filtiation fiaction and ratio o 
p-aminohippiiiate eleaiance to tubulai excietoiy mass In subsequent ess 
these distoitions disappeaied, but the absolute values foi cleaianees lemaine 
lowei than noimal Complete lestitiition ot lenal function to normal cliO not 
ocelli until thiee to seven months had elapsed 

At the beginning of duuesis, the eoncentiation latio ot 
lemained as low' as duiiiig the oliguiic peiiod Aftei seveial davs o 
the eoncentiation latio began to use steadily even as the uiine volume i i 
indicating impiovement in tubulai function 

These data aie consonant with the idea that the functional j 

lowei nephion nepluosis is a diminished renal blood amount 

loss of specific tiinction of the lowei nephion Consequently, tie i ‘ 
of modified glomeiulai filtiate leaching the low’ei nephion is a n i-gpn;;, 
lesoibed A giadient diffusion thioiigli the damaged and 

ent which allow's a gieatei lesoiption of p-aminohippuiate tlian ° gganis 

which IS thus lesponsible foi the distoited lenal eleaiance -fnllowed later 

to be produced first by an increase in effective lenal blood ' the 

b\ a lepaii of tubulai tunction The giadient diffusion ^ , J- ^g tabular 
fiist tubulai detect to disappear The total iccoveij' of noun P 
function is much slow'd 


21 DANGERS PROM THE USE OP THE RICE DIET 

Lfo P Nvrut, M D (By Invitation), and George C Turnbull, i 

Evanston, III 

The piesent public niteiest in the Kempnei iice bead 

cal evaluation of this diet as an adjunct to the tieatment lecorded m Ibe 
disease The lesults ot this and more liberal diets „gylai disease oj' 

tieatment of fifty-seven patients w'lth hypeiteiisive b^u^ lAvanston Hospd^* 
the medical services of the Cook County Hospital and . , of the 
Supportive case lepoits point out that a simple ^ jg benefited I"' D 

specific gravity tends to indicate that one gioup ot pa i The oi i 

lice diet, anothei is unaffected, ivhile still a thud is nm ® fundanicn • 

as a w'hole must be considered, noi can one overlook ^ j effica*"' ”1 i„, 
physiologic and biochemical principles goiein the P , and mtiacelB’ 
type of diet One must be mindful of the physiology ° , j,y lentdatmn 
fluid, lenal physiology, ciiculatoiy dynamics, and P and of the B'd" 
the role of blood, psychosomatics, and the endocime sys due eonsi 

of medication Blood piotein and sodium levels nuis 
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tioii Illiiitratne gioups oi patients liaiiiio lijpeitinsue heait disease aie 
piescnted, shomiig the iiiliiienee ol the leiial lesciie as leflected in the urine 
specific giaiitj iiid the infiiiuice ot a \ iiijlilc c\ti iitinl ciniroiiraeut Tueiitj 
file pitieiits iiith a „ood icn il lesetic iiidicatid In i uiiiie specific aiaiitv of 
1020 01 liettei iieie benefited lij the net diet ispetiaHi iilicie cardiac decom 
jiensation iias jiicscnt The iminoitinent noted is attnbiitablc to tlie lesults of 
Height icdiictioii lij diotiii lostiiclion Tuciiti foni patients iiitli i specific 
graiitj laiigc ot 1012 to 1020 ncic possibh liencfitcd In salt md piotcin ic 
stnctioii blit aoani to i limited extent depending upon the status of the cxtia 
renal cni iranmciit Light patients mtli i specific „i iiiti fixed at 1 010 iveie 
benefited at fiist but subseqnenth became iiorsc iilicn dietm lesfiiction iias 
continued Sennn sodium and ehltnide Iciels iic ilteied pieieiml azotemia 
iiith sequela supeiienes on a hidnei lutli pool iisciic and clinically the man 
ifestatioiis of iieikness lefliugc alKloiiiiiial cianips ohguna and distmimnees 
m acid base bal nice become ilipiient IVe considei iinnc specific gtai itj fixed 
at 1010 as a Mamin„ signal to proceed uitli caiitum m the use of the nee diet 
and Me belieie it inipeiatnc to keep in mind the laiions possibilities iiliicli mat 
be cneounteicd cspeeiilh in intients nlio bate poor usnie m oigans othei 
fiian the kidnei When blood sodium levels l)e„in to tall the me diet should 

be discontmuod The iiuioiv boidci bctiieen the pienieniic state and memia 

necessitates the addition of salt and blood oi thuds to the theiapeutie legime 
in order to lev erse the process and tlieiebv possihh avoid a casualtv 


22 THE ErPDCTS Oh BAOTEKIAL P’1 ROt LNS ON MALICNANT 
mPLRTLNSIVL PERSOiNS 

Eobebt D TviLOB, 3ID,A C Corcobin Jl P H H I ertiq 31 D 
(Bi Invitvtiov), v^D Irvine II Pvoe, Sf D Cifvixvvd Ohio 

Tliirtj five patients oxliibiting the svndrome ot malioiiaiit liypeitension 
"ere treated with lepeated injections of baetenal pioduets which elicited leu 
cocytosib and fever The effects were exahnted fiom the levels of artcnal pres 
sure, cardiac cerebial and leiial tiuictions and funduscopic changes The le 
i>ponses to all the matenals wcie so similar that tliev can he consideied together 
The diastolic blood pressiiie of sixteen of the thirtv five patients was re 
hv treatment fiom 126 mm Hg mean (lange 110 to 150) to a-ierage 
160 mm Ilg diiiiUg five to iiinoteeii weeks Papilledema disappeared in all 
»nt two, one of whom still is leceiving treatment The peisesfeiit elevation of 
Jne optic disc in the othei may repiesciil i lesion of the neive Pouiteen pa 
uents became free of letinal hemoirhages One of the remaining tvra is still 
undei treatment and, in the other, the seventy grading was reduced from 
^tol Most of the flesh exudates disappeared liowevei in nine pet sons sears 
w pievioiis disease pei’sisted 

Before treatment, five of these sixteen patients piesentcd signs of con 
"Lstive heait failuie all evidences of winch weie relieved diiiing tlieiapv 
mectrocardio^rams showing signs of damage became noimal in seven and mi 
bjuved in the othei nine Heart size (teleioenfgenogiam) diminished from 
P as 18 pel cent hefoie to plus 5 pel cent aftei tieatment 

Renal function at first was moderately depiessed in nine patients but was 
'entuallv lestoied to or above control levels 

, Except foi persistent elevation of aitciial piBssuie lemissions have lasted 
mage of twenty four months and up to thiity months 
to fl>c sixteen patients who responded well are living aftei fouiteon 

tnirtv one months Tliiee of the lemaiiung five discontinued treatment after 
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thiee to thiiteen iveelvs and died withm thiee months of ceiebial hemorihage 
Anothei died of apoplexy ten months aftei tieatment with pyiogen and sn 
months aftei sjnnpathectomy The fifth, the only one with return of tlie mahg 
nant phase, died of ceiebial henioirhage six months aftei tieatment was begun 
Of the lemaining nineteen patients, eleven responded more biiefly and in 
less degree than the sixteen deseiibed, while eight showed no change AH but 
two aie dead These two aie at present under tieatment 

Toleianee to pyrogens appealed in five to nmeteen weeks, after ubicb 
arterial piessiiie lose, but usually without reappearance of the mahgnant syn 
diome 

The outcome was not predictable fiom.aiteiial piessme, the letmopathy, or 
the extent of cardiac disease Six patients ivho were viitually blind and foui 
who had congestive failure responded favorably The significance of lenal func 
tion IS shown by the fact that TmPAH averaged 62 mg pei 173 sq M in the 
sixteen ivho responded well (range 48 to 109) , the mean ivas 26 (range, 12 
to 40) in those responding poorly'', and 20 8 (range, 7 to 32) in those uithiio 
response 

In srunmaiy, the malignant phase of essential hypertension can be leiiiitted 
in some patients by' repeated inyections of bacterial pyrogens provided renal 
damage has not advanced to the extent that TmPAH is less than 45 pei niilli 
gram per minute per 1 73 sq AI of body surface 


23 A TEST FOR THE PRESENCE OP THE HYPERTENSH^ 
DIENCEPHALIC SYNDROJIE USING HISTAMINE 

Henry A Schroeder, M D , vnd Melvin L Goldjun, MD (By Invitation) 

St Louis, AIo 

A s'vndiome associated w'lth arterial hvpeiteusiou has been 
Page which he called the hypertensive diencephalic syndiome 
usually in women, but also in men, it is characterized by the iace, 

and attaclvs of a periodic appearance of a blotchy lashlike blusu 
chest and shouldeis, associated often with headache, jeoiescnt 

vasoconstriction in the extremities Attacks of this disorder JgptiPle m 
some neurogenic disturbance associated with hypertension ta s gj 

dividuals this syndiome has been lepiodueed by the m^Taderma 
0 25 mg of histamine, reaching its height five to ten nunutes a e 
Of fifty patients with normal blood pressure, the synd^iome w m 

pear in five Of thirty'- three with neuiogenic hypei tension it 

twenty-six In fourteen patients with other types of marled 

appeared m none Four subyects in whom the leactmn to ins ^ occurred 

faded to react after lunibodoisal sy'nipathectomy' When ggjpgeJ, iiiclud 

the symptoms of which the patient complained usiiallv iveie i P pgitialh 
ing the typical hypertensive headache Antihistamimc age ^ administia 
blocked the reaction in one subject It was not lepiocliiee substauce^ 

tion of epinephrine or Alecholyl The possible role ot nmin® suggested 
in causing some of the sy'mptoms of neurogenic hypei tensi 
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24. GLICOSURIA &IJIULATED BY THE ADJIINISTRATION OP 
ASCORBIC ACID ITS OCCURRENCE AND 
DIl'PERENTIATION 

John C Mithoeiij!, M D {B\ Invitition), ind C vkl 1 \ iltee M D 
CiNCiNNm, Ohio 

Tlio confusion affoidcd bj rciieatcillj positut Benedict tests on uiiue of 
1 aiaoetie patient whose diabetes «as tbouoht to be ucll coutioiiod and who was 
Kceivmg largo doses of aseoibio acid pisimpted us to imestigate the reducing 
power of this substance in tiio iiiiiie as nieasuied bj Benedict s ipialitatne test 
and tlio Climtost tablet 

Quantitative lu vitio ONporinieiits were pcifoinied in older to deteiniine 
tuo amount of ascoibio acid which must be present in solution to give a positne 
ncucdict test and Climtest It was found that 0 2 mg of ascorbic aeid was 
sufficient to lediice 5 ml of Benedict solution to a 1 plus reaction and the Clini 
test to a tiaee’ 1 9 mg of aseoibic acid produced a 2 plus with both tests 
“I Dio a 3 plus while 8 0 ing were requned to a 4 phus leaotioii It was 
tomid tliat when conipaied by weight ascorbic acid was a moie powerful re 
diieing substaiiee than glucose when tested bv these methods It was further 
saown tliat ascorbic acid and glucose when piesent togethei in solution hare an 
WdiUve effect in this reduction leactioii 

In 1110 e.\peiimcnts showed that when ascorbic acid was administered in 
wge doses parenterally (now a common surgical practice) or by mouth theie 
''M usuallj suflieicntlj rapid uriiiarv c\eiotion of this substance to give a post 
Wn test or Climtest Following the mtraienous administration of 

V" ®g of ascorbic acid the majoiitj of the patients gave a 1 plus Benedict test 
ui tiro hours and had a urinaij output ranging between 3S and 136 mg per cent 
^orbic acid Pollowmg the intravenous admimstiatioii of 4,000 mg of ascorbic 
rj'Up all but one of the patients had a 2 plus Benedict test after two hours 
l>o urinarj concentiation of ascoibic acid langcd from 430 lo 980 mg per 
‘^lut at tliat tune 

A smiple method depending on oNidation of ascoibie acid m alkaline 
Muiuni has been devised foi diffeicntiatnig tins substance from glucose in the 
T"o milliliteis of unne are made alkaline with sodium eaibonate fol 
rm w “li'^ition of 6 to 8 drops of hydrogen peiONide This procedure 

apiUly dcstrojs the ledueiiig power of ascorbic acid but does not interfere with 
I- reducing powoi of glucose as mcasiued by Benedict’s tost and the Climtest 
ms procedure is useful not onlj m the diffeicntiation between glycosuria and a 
“ “ Pusitive Benedict test due lo ascorbic acid m routine unnaljses but also 
ables one to follow moie aecmatcly the gljcosuria of a diabetic patient who 
receiving large doses of ascoibic acid 
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25 “STEEOID DIABETES” ASSOCIATED AVITH CUSHING’S 
SYNDROME AND EXCRETION OP IT-HATDROXYCORTICOSTEROAE 
(COMPOUND P) IN URINE. METABOLIC STUDIES 

R G Sprvgue, MD , Alvin B Hvyles, MD (By Invitation), H L Jhbo\, 
Ph D , M H Power, Ph D , and AV A Bennett, M D (Bi Invitation) 

Rochester, Minn 

The diabetes which is commonly associated with Cushing’s syndiome is 
piobably explainable on the basis of an overpiodiiction ot caibohydiate actue 
steioid hoimones by hypei plastic oi neoplastic adrenal coitices Such diabetes 
should, theiefoie, lesemble the “steioid diabetes” pioduced by Ingle aud co- 
woikeis in lats liy the admniistiation o£ 17-hydio\y-ll dehydiocoiticosteronc 
(Compound E) oi 17-hydro\ycoitieosteione (Compound P) , that is, it slioukl 
diffei fiom oidinaiy diabetes, paiticnlailj' ot the juvenile type, in being inoie 
lesistant to insulin and in being mild duiiiig tasting Puitheimoie, siiec one 
of the effects of the caibohydiate-active steioids is to stimulate the pioduetion 
of sugai fioni piotein pieeuisois, this type of diabetes should be chaiacteiize 
by the excietion ot lelatively laige amounts ot intiogen in the mine, eieiin lei 
gh cosuiia IS minimized by the use ot diet oi insuliii, oi both 

Obseiyations which lend suppoit to the foiegoing ideas weie ina ^ 
ease of a 14-yeai-old boy ivitli sevcie diabetes associated lyith .pnt 

dionie due to hypeiplastic adienal cortices In addition to 
pieseiited most of the classic features ot Cushing’s syndiome, inclu = , 
tension, osteopoiosis, musculai weakness, and a hypochloiemic, JP , . „ 
alkalosis of niaiked degiee That the diabetes was due to an ov P 
of caibohvdiate-aetiye adienal steioids was suggested by uie 
uiinaiy excietion of “coitmlike substances” m S 

abh high (about 17 mg daily, oi about 200 times iioimal) Inc e > j jjg 
eoiticosteione was isolated fiom the uiine, 191 mg of puiified hoiinone = 

obtained fiom a twenty-fiye day collection of uiine * , , . „ fpatiues of 

Metabolic studies levealed that the diabetes exhibiteu i 
“steioid diabetes” in animals It was of moie than usual s ' 230 

of insulin lequiiement), glycosuiia being ^ paibolndiate 

units of insulin giyen daily while the patient leceived lo7 m i ho" 
daily 111 the diet Unlike the usual behavioi in oidinaiy j,, fgui houi") 

evei, the uime became yiitually tiee ot sugar (2 4 Gni m pvent' tour 

and ketonuria was absent when food and insulin weie wit ^ ' , , i of msulm 
houis (This anielioiation of glycosuiia with fasting and w AfUison’shiseose 
was in iiiaiked eontiast to the behavioi ot patients having ° . 2inA\al of lusuluj 
and diabetes who weie pieviously studied bj'' us, in ip«iilted m tb® 
and fasting duiing the adnunistiation of Compound E „teroid diabeks 
development ot seveie diabetic acidosis) As in the intake of 51 f'"’ 

animals, nitrogen balance was decidedly negative vvu ^ , j. „ooiosis, tbe ba 
Piotein daily Likewise, as suggested by the piesence o 
ances foi calcium and phosphoius weie also negative adienal gU® 

The patient died aftei surgical resection ot one P gjieual cortices 
At necropsy pionounced hypei tiopliy and nn"), osteopoP’’’ 

a small thymoma, a parathyioid adenoma (not lijiiei ° 

and bilateral leiial calculi were found , , i„ 2 „ and the bn = 

The clinical behayioi of the diabetes, the meta nitbeniniei= 

of large amounts of 17 -hydioxycoiticosteione (Conipo From^j^,^ 

^iHSon H L and Sprague R G I«o'^«a%Vlth^ st'e1-e“ ^ ^ 

Urine In a Case of Cushings Sjndrorae Associated 
Chem 175 451-456 1948 
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to justify tlio conclusion tliat tlie patient Iind ‘steioid diabetes’ aiialotous 
to tliat piodiiced in aniinuls bi the idniinistiation of caiboindiate actisc adienal 
streoids 


26 ROLE Ob’ TIIL ADRENAL CORTEX IN CRATL METABOI ISR 
AND IN GOUT 

William D Robinsov, JID Jekoaii!. W Conn 11 D 1\ vlter D Buick, Ph D 
(B\ Imitation) and LAURCNcr H Louis Sc D (Ba Inattation) 

Ann Aruob Ificu 

Urate metabolism on a constant diet lias been studied in tliice noinnl and 
one },outj subject dmin„ udministi ition of appioMmatAls 'iO ( \imour s 
Staadaid) of purified pitiiitaii udienoeoi ticotio|>bie lioimonc intramiiscnlarlA 
dailj, in dnidcd doses toi file to ten oonsemliAt diis Ba using a specific 
euzjraatic method emploAni„ inicase to deteiiniiH blood and iinne mates eiiors, 
mliereiAt in the tomenlional coloiimetiie nuthods amic avoided 

bolloAAing the adininistiation of adieiioooitKoliophie lionnoiio to noimal 
subjects, the urate exeietion mcieased fiom aO to oaci 100 per cent ahoAe base 
line values This incieise appealed dmm,, the fiist tiventA foui houis and 
Aras VAcll sustained ieTcliin„ its jieak on tlie sixth sCAcnth and niiitii injection 
vlajs rtspeotn Uj , in the thict subjects It aa is afiompanied In an meicase m 
eAcrotion of nonuiato ehromogeii in all tliuc but this Aias inegulai and not 
sustained dining the injeettoii peiiod There aaus an api'aient deciease m blood 
urate when deteimmcd bj diieet coloiiniotiic mclliods wineii are Inown to be 
mnuenoed bj otbei leducing substinecs but no si„nifieant eliange m the blood 
Mntcnt of mate or of noiuuate chiomogcn as nicasnrcd bi the uncase method 
On the fiiat postiiijectioii das tlieie was a sliai]) droj) in uiinarv mate excietion 
10 near liasal levels, follow cd In a definite ineieasc on the second to fifth post 
injection dajs Thei'e Avas associated othei OAidenees ot a lebound in pitmtarv 
adrenal cortical activitj at this time 

The injection of desoxxcoiticosteione acetate in doses ot 20 mg daih to a 
normal subject for ten dujs did not produce am significant effect on unne oi 
ulood urate levels 

The chief diffeiences in response of tlie goutv patient to adienocoitieo 
Wophic hormone is contiasted to iioimal subjects weie (I) absence of a sig 
nmcant inciease in excretion of iioiiuiate cliioniogen (2) a shaip deciease in 
rue blood uiate to less than one half of the base line level so that loss fiom body 
iimds bj simple increased icnal excietioii could account foi one half to three 
lourtlis of iiimaij mci-case as compaied to normal subjects wlieie onlv negli 
Siole quantities could he acccouiited foi on this basis and (3) absence of anv 
secondarj increase in urate excretion during the postinjeotion period Effects 
un mood sugar, glucose toleianee gljcosiiria urinarv lutiogen amino acid and 
1 setosteioid excretion were similai to those seen in the noimal subjects, ex 
cept for the absence of any evidence of a icbound in hormonal activitj during 

“c postinjeotion period 

sf i'^'’f who bad been fiee of attacks for nine months pieceding 

»'MJ had a mild but definite attack on the third to fifth postinjeotion daj s 
a time when all data suggested a depicssioii of adieual coitical activutv 
aibott and associates (1935 1940) desciibcd cvelic changes in urate electio 
e-xcietion in patients with gout and related these changes to 
goutj attacks Then data esii be niterpieted as reflecting cjclic changes 
u aureml coitical activitv with attacks oecmiiii„ dming periods of decieased 
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function A common denominatoi foi many of the mcidents which liaie long 
been lecognized as capable of piovoking acute attaclis of gout is fiiinished bv 
then ability to affect pituitaiy-adienocoitieal aeti^uty 


27 INFLUENCE OF PHYSICAL FITNESS AND CONVALESCENCE 
FROM MAJOR SURGICAL PROCEDURES ON THE 
MAGNITUDE OP THE RESPONSES TO 
EXERCISE OP THE BLOOD AND 
URINE LACTATE 


D vviD I Abramson, hi D , Warren H Cole, M D , Robert AV Keetov, M D , 
jMaurice Gephardt, MD (By Invitation), Josephine M Dynievtcz, 
Ph C (By Invitation), Sophie J Presley, MD (By Inhtation), 
and George Lavers, MD (By Invitation) 

Chicago, III 


The changes in the values of the blood and mine lactate pioducecl by e\ 
eicise on a tieadimll weie studied in a gioup of fifty patients, m various states 
of physical fitness, before and aftei heinioiihapliy oi cholecystectomy 
Pieopeiatively, with the same exeieise load (three minutes on tlie tiead 
mill), the ma\nnal lactic acid level attained in the blood and the total * 
in the poste\eitional mine specimen weie found to be much gieatei m 1 
tients in pool physical condition than in those in e\celleut shape ’ 

similai differences weie noted in the case of subma\inial and maximal 
despite the fact that the respective periods on the treadmill foi man 
in good physical condition weie tliiee to six times as long as for tliose 

Postopeiatively, one gioup of nineteen patients was placed at 
lest for from six to thirteen days Except for some iiidividua s n , 
physical condition, the patients showed much higliei maximal 
levels with exeicise dining convalescence than was observed ^ ‘ {jeth 
A^eiy laiely iveie the leadings back to the pieopeiative level V .g,^gj(,,se 
postoperative day The changes in the quantity of lactate ni^ lemaimug 

mine specimens followed the same trend in some instances tlie tiie 

elevated for as long as sixty days aftei operation It is ot , |q,j„ after 
lactate studies continued to show abnormal changes postopeia ef 

the lesults of the tests of livei function and of circulatory an 
ficiency had letuined to pieopeiative levels ^ placed 

Other groups of patients subjected to the same iintmll' 

on legimens invohung eaily ambulation Except foi ^ coinalcscence 

in poor phj sical condition, these individuals showed, c ° content oi tlie 
smaUei increases in maximal blood lactate levels and thanveieol> 

uime with exercise, as compared with the upli’est 

seived foi the patients subjected to a period of postoperative , jgte 

It IS concluded that the magnitude of the blood and titnesb 

produced by exercise is definitely influenced by ta® measuien]® 

the individual Furtheimoie, lactate studies are ot j tiie eialua 

of the length of convalescence following surgical 
tion of various therapeutic legimens used to i educe this pei 
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28 PORT IL CIRRHOSIS 01' THE LIVER A CLINICAL AND 
rUNCTIONAL STUDl 

WilliuiL Rioivj its, JI D (By iNinmov) JoslihB kirsNER, JI D , 

IND W YLTER L P lOYlER, jSI D , CniC 100 IlL 

Fiftj cases o£ poital ciiihosis of the h\ti wcie studied bj hiopsj and tests 
of hepatic function Tlie fifty cases wcie divided into tliiee gioups 

Group I included fouitecn patients fiee of symptoms, e\cept one wlio had 
hemateniesis and nielcna, but with phj steal findings suggesting the presence of 
cirrhosis such as hepatomegaly, splenomegilY oi collateial circulation of the 
ahilomeii In two, the eiirhosis was fiist noted at lapaiotomj The pieseuce of 
cirrhosis was established bj iiistolOnie e\amination Tjie alfeiations in hepatic 
function were niiiiinial oi absent, the bionisiilfalcin test was the most con 
sistently abnormal 

Group II included twenty tliiee patients in whom signs and sjmptoms of 
moderate degrees of hepatic disease weic picsent Pibiosis and hepatocellular 
changes weie noted liistologicaUj in all 1 unction tests in this group weie uiu 
formlj abuormal Repeated studies of hepatic function weic made in nineteen 
of the gioiip duiiug the course of incdieal inana„cmcnt Tlieie was no sigiiifi 
cant change in two, impioiement was mail ed in fifteen, and the test ultiinatelj 
welded normal icsults in two 

Group III included tliiitecn patients with maiked jaiiucliee and other 
sjaaptoms of hopatio djsfunction requiting hospitalization The function tests 
were markedlj impaired in all Fibrosis and sevcie paronchimal changes were 
noted histologically m ten of the Giutecu Foui weie admitted despeiately ill 
and died soon aftei hospitalization Subsidence of samptoms, maiked impioae 
meat m hepatic function and logcnciation of tlie liaei parenclijona were ob 
sened aeeompanjing medical management in nine Tbo sjmptoms disappoaied 
completely m six of those, two impioaed gieatly and one has impioved and 
has no sjaiiptoms otliei than an acquned liemolj tic aneiiua 

The following impressions weie gamed (1) Abnoimalities of hepatic 
l^'cboii in poital cirrhosis depend upon the alteiations of the paienclmua 
Fibrosis of the livei per se docs not change the tests of Iner function 
w) Portal ciiihosis nia\ be present without detectable abnormality of hepatic 
mnction, and (4) portal ciiiliosis is not necessarily a progressive disease 


29 SERIAL SERUM CHOLINESTERASE DETERiMINATIONS IN 
LIVER DISEASE 

b J VoRiiAus, M D , H H SconYYioRC M D , G J Gabuzda, M D , G R 
ilOREY, M D , M A Malonev, M D vnd B M ILvkk, M D 
Chicvgo, III 

(Introduced by Robert AV Keeton, M D ) 

long been known that the cholinesteiase activity of the serum is 
low in patients with disease of the liver and its dcteiminatioii has 
111 A in the past as an indev of Incr function However, because of 

difficulty in perfoiming determinations of serum cholmcsterase activity, 
™d because of the wide range of normal values obtained such determinations 
r"® dot become popular The recent development by Michel of a simple po 
■cntiometric method for the deteimination of cholinesterase activity now makes 


It has 
hoaormallj 

suffpp' 
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this measuienieiit a piaetical clinical tool The method measures the change 
in pH due to the libeiation ot acetic aeid in the hydrolysis of acetylcholine hi 
cholinesterase 

To date seiuiii eholinesteiase activity has been estimated m foitytwopa 
tients and serial deteiminations have been made in twenty-siv of these patients 
with livei disease, as well as in foiu noimal subjects In patients vitli liiei 
disease seiial deteiminations have eoiielated well with changes in clinical status 
at times when a batteiy of cuiiently accepted livei function tests failed to show 
significant changes 

Seiial deteiminations aie lepoited of the seium eholinesteiase activity of 
seven patients with ciiihosis ot the livei and three healthy controls living in a 
metabohc ward for peiiods of 70 to 240 daj’^s Deteiminations were made tliiee 
times weekly betoie, dining, and aftei intravenous therapy with human seium 
albumin containing less than 0 3 tlin of sodium in each 25 Gm of albumin 
The total doses ot albumin langed from 125 Gm in a thiee-daj period to 3, GoO 
Gm m thiee periods totaling forty-seven days It was found that sn of the 
seven patients with livei disease showed a significant use in the seium cliolm 
esterase activity together with subjective and objective clinical iiiipioienient 
In all of these cases the seium eholinesteiase activity began to use toward noi 
nial levels before impiovement was detectable by any other laboratoiy nieans 
employed Results suggest that seiial deteiminations of cholinesterase actuiv 
affoid a moie sensitive index to slight changes in hepatic function than aui o 
the other tests used in this study (that is, cephalin flocculation, thymol tin i 
ity and flocculation, BSP excietion, seium biliiubin, immediate and o , 
tvo-houi Watson uiinaiy ui obilinogen, prothiombin time, total proteins v 
A/G latio) 

Studies aie in piogiess on the rate of legeneiation of serum ^ 

activity following its desti notion by di-isopiopyl fluoiophosphate 
patients with livei disease, as well as in four healthy controls, “le i 
seium eholinesteiase activity to pietest levels has taken appioMim 
weeks, the healthy controls starting at and letuiniiig to a liighei va ue 
patients 

30 ANTIDIURETIC ACTIVITY OP URINE IN ACUTE HEPATITIS 

J L Sims, Madison, Wis 

(Introduced BY 0 0 jMeyer, MD) ^ ^ 

This study was undertaken in an attempt to confiini elucidate 

antidiuietic factor in the urine of patients with livei disease 
the meehanism of its appearance patients 

Daily twenty-foui hour urine specimens were i ith an acute 

with acute infectious hepatitis, one Avitli serum hepatitis, gdenia 

febrile and icteric exacerbation of a portal cirrhosis with as .i g gupeiiiataul 

Protein precipitation at pH 4 0 and 80° C was earned ^ jg jOO nil m 
was dialyzed twenty-four houis against tap water and evap 
cellophane sacks before an electric fan j^gdy veigW 

Assay was by intiapeiitoneal injection of 0 5 ml ^ of their hod' 

into groups of four adult male albino rats hydrated to o P gj^ilai 
weight by tap water gavage Controls leceu^ed tap jqq Gm of wu 

from normal urines lutiapeiitoneally Uimaiy outpu ^ gjgj uith the > 
weight was plotted for three- or five-hour periods ana c n 
take output records and clinical appearance of the patients 
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111 the eaily phases of acute hepnlitis theie was a shaip inhibition of di 
uresis m the assay animals which panllcled clinical CMdences of a tendeiic} to 
water retention With he^iiiniiiQ con\alcsctuce this inhibitoij actnitj les 
sened and tlie output of assa^ Tninials appioached oi cvcceded the coiitiols 
In two instances tlic fii’st specimen obtained fiom a patient failed to show Tiiti 
diuretic actuit-v, althoUoh subscQuent ones diuiiig the eaih phase of illness did 
Similar lesults woie seen o\ei a longei pciiod m the ciiihotic patient 

Samples of waning actuity weie assayed on male albino lats made cnihotic 
b} prolonged twice weekh injections of caibon tctiaehloiide The dcgiee of 
inhibition of diuiesis in this gioup did not exceed tliat in sinniltaiicousl) iiin 
normal control 'inimals, and indeed, in about two thuds was slightly less 

Pne and eight horn urine outputs tiom both tiie contiol and ciiihotic 
aumials weie extracted m similai fashion being c\apoiated to 12 ml and le 
assajed These piepirations showed no ineu ise in antidiuietie activity as 
compared with sinulai ieco\eiies fiom animals injected with tap watei 

These studies confiini Labb\ s findmp,s of the picsence ot a factoi showing 
antidiuretie octuitj in the luinc of patients m tlie earh phases of acute 
hepatitis Thc^ do not suppoit the thesis that failuie of hepatic inactnation 
of a nomiallj foinicd principle of this natuic is the basis of its picsence 


31 VITAMIN B, IN PERNICIOUS AiNEJIIA. AND PLERPERAL 
JIACROCITIC ANEJIIA 

Prank H Bethell MD Murifl C MpaERS 51 D (B^ Iwitatiox) and 
Ros\lie B Neugh, MD (B\ Invitviion) ^nn VnnOR hlicii 

Pour patients witli peinicious anemia in i elapse weie tieated with Mtamin 
* for peiiods of ten to twent> weeks Intianiusculai injections of 1 ^g of 
^ere gi\en daily duniia the period of the ieticuloc\te lesponse with sub 
sequent treatments at Aarying lutcivals up to twent\ fi\e da^s were 

adjusted so that the equivalent of 1 /ig pei daj would he leceived Three of 
the patients had maximum reticulocjte levels and lates of led cell mciea^ 
'rhich exceeded the expected lesponse following daily injections of 1 U S P 
of liver extiact The fouitii patient icecived 1 mg of the folic acid 
antagonist, Aminopteiin f dailj for two days piioi to B, adimnistia 
tiou and for the first fouiteen days of treatment with Bj The leticulocyte 
Spouse was delayed and suboptimal When aniinopterin was discontinued a 
second I'eticulocjte lesponse occuiied with rapid elevation of red cell count 
four patients attained normal hematologic values after six to eiglit weeks 
Three patients had nervous system involvement Following B, tlieiap 
iberc was relief of paresthesias and decrease in ataxia Glossitis was tioublc 
Some in thiee patients and disappeared promptly on institution of treatment 
, ^ girl aged 19 yeai*s was seen two months aftei dehvciy of a noimal m 

The piesenting featiues were seveie anemia intense glossitis stomatitis 
\ulvovaginitis Poi at least two xeai-s she had received an extremely pooi 
Hed cell count was 1,500 000 with macrocytosis leucopeiiia and megalo 
"•astic niariow Gastnc contents contained hvdiochlonc acid IntiamusculTr 
Injections of 1 u of B foi ten davs failed to pioduce liemopoietic or clinical 
J^spoiises Aneima and leucopenia became moie seveie and mucous membiane 
esions progicssed Jlegaloblastic mariow leaction pei*sistcd biibseqiient 
l^^ent with fohe acid 10 mg daih by mouth was followed by coiivei-sion of 

^lerck &. Co Inc 

tLederle Laboratories Vmorlcan Oanamid Co 
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mailow pictuie, leticulocyte lesponse, ineiease m eiythioeyte and leucocyte 
values, and lapid subsidence of stomatitis and vuh ovagmitis 

Assays of feces of foui patients with untieated peimcious anemia levealed 
lugh contents of giowth-stimulating faetoi foi Lactobacillus lactis Doinei, the 
test organism foi vitamin * The content of equivalent langed from 
3 to 1 8 /xg pel giam of diied" feces Thus the dady output of Bi, by patieuts 
with peinieious anemia appeals to be many tunes greatei than that necessan 
to pioduce lemission when intiodiiced paienteially This suggests that ni pei 
nicious anemia theie may be defective absoiption of vitamin Bj deiived eithei 
flora dietaiy souices oi by'^ intestinal bacteiial symthesis 


32 STUDIES ON GLOBIN AND PORPHYRIN JIETABOLISM IIADE 

WITH AND N’-* 

Moises Grinstein, PhD (By Invitation), M D Kajlen, PhD (By 
Invitation), vnd Carl V Moore, MD , St Lows, Mo 

Thiee diffeient foi ms of tiacei-tagged glycine have been used to label 
hemoglobin Shemin and Rittenbeig employed glycine containing N'® to dem 
onstiate that this ammo acid selves as a nitiogenous piecuisoi of piotoporph) 
im, a small amount of the N^® was also incoipoiated m the total eeU 
They' follmved the N'® content of heme caiefully and foimd that (a) thelabele 
piotopoiphyim yvitlun led cells does not paiticipate in the dynamic metaboim 
state, (b) IS not le-utilized foi heme foimation yvhen led cells aie (Mstioye , 
and (e) selves as a leliable index of the length of life of the erjdhiocyte 
man and associates, usmg methylene labeled glycine (O'*), have shown uia 
alpha caibon of glycine is utilized foi the biosynthesis of hemoglobui p 
poiphyiin a lelativeh’’ small amount of 0“ is incoipoiated into glohin 
glycine labeled yvith in the caiboxyl position is fed 
C“ IS built into globin but not into piotopoiphyim (Gimstein and , 

The fust and last of these thiee methods of tagging hemoglobin , 
the expel mien ts deseiibed beloiv to study globin and porphyrm 

Glycine containing m the caiboxyl gioup ivas fed to two o. 

one lat In each instance, the appealed m the globin y„jj 

globm but could not be demonstiated m the heme The f i„ constant 

lose lapidly m the dogs cluimg the fiist feiv day'^s, lemained J tn veiy Lw 
imtil the sisty -fifth and eightieth day's, lespectnely, and tuen I 

veiv similai to war luu 

The lesults mdicate U 


levels The shape of the cuive obtained was 
Shemm and Rittenbeig foi heme labeled yyntli N* 


qir Its 111® 


the globm of intact eiythiocytes (1) lemams within the cJiaiacteristie 
span yvithoiit paiticipatmg m the dynamic piotem j hemoglobin 
of nucleated cells and (2) is appaiently' not utilized again 
foimation once the ceU is destioyed 2/1 

In the second senes of expeiiments, 5 6 Gni of anemi® 

pel cent excess N^® yvas fed to one dog ivhich had previou ^ „ ^huti fo®'’ 

by bleeding Piom blood obtamed at mteivals duimg t i fouml to 

days, ciystallme piotopoiphyim 9 dimethydestei was i During m® 


be tagged ivith the isotope (0 72-0 96 atom pei cent e . .jjjgfhylcstei) 
fiist tyventy days of the expeiiment, ,t-„\iPfl N*'’ m a relati'^' 

isolated fiom the uiine and feces of this animal, fhiity-fouith day 

high concentiation (11 atoms pei cent excess) Dn ii jemoiedvast'^"^ 
dog yvas bled to death, and the total volume of led bloo 


‘Performed by Dr O D Bird Parke Davis &■ Co 
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fused into a second anemic dog The following tUj, ci’jstalluie protopoipliyiin 
9 isolated fioni the blood of the iccipient animal contained 0 40 atom per cent 
excess N'® An acute anemia was then induced with phcnjllijdrazine Co 
proporphyiin I isolated from the conihiiied urine and feces duiing this peiiod had 
no demonstiable N“ (less than 0 03 atom per cent CNcess), while the protopoi 
phjmi 9 diinetlnlcstei isolated at the same time fiom uiine and feces did contain 
tlie isotope (0 133 atom per cent eveess) On the twentieth day when the animal 
was ricoicring fiom the pIicniLIijdiazine anemia protopoipiniin 9 dimetlial 
ester crystallized fiom its blood had in a coiicentiatioii of 0 132 atoms per 
cent e\ccss Tins e\peiimeiit has not jet been icpeated Conclusions therefore 
must be regaidcd as being pi elitninai y The d ita suggest that copiopoiphjiin I 
IS formed as a by product duiing the bios\ ntliosis of hemoglobin and is not 
denied from hemoglobin catabolism Thts icsiilt was e\pected More surplus 
mg, howevei, was the increased eonccntiatmn of in the protoporphjim 9 
from the excieta of the recipient dog, a tiiiduij, winch suggests that the evereted 
protopoi phjrin 9 nught, in phenjlhjdiazine anemia at least be a deriiatne of 
hemoglobin degraded during the liemoh’sis Piec eiitlnocite protopoi plijrin 
of the led cells would be another possible source ot tlie fecal piotopoipliMin 9 

33 THE COAGULATION DEFECT IN THROJIBOCITOPENIC 
PURPUKA 

Ariiand J Quick, 31 D , Jacob N Suindetce 31 D (By Imitmion), and 
3ItBio Stefinint 31 D (By Inviivtion) 3Iil\\ iukee, 3Vis 

In tbrombooytopeuio purpura the platelets aie i educed the hlcedmg time 
IS prolonged, clot retraotiou is absent, spontaneous liemonhagcs ocoui, and 
peteehiae and other manifestations of Yasciilar fiagiliti appear The coagiila 
bon tune oharaeteristieally is neaily always normal This has led to the tacit 
aceeptanee that no true coagulation distui bailee is piesent iii this disease and 
that platelets aie of secondary mipoitance in the coagulation mechanism 

Recent findings concenimg the platelets mahes it possible to offer a new 
concept of coagulation and theieby to foiraulate a better evplanation for the 
b^ic hemostatic dysfunction in thiomhoci topenic pnrpun, It is now coi-tain 
that platelets arc indispensable foi coagulation When these cells disintegrate 
they hberate an enzyme which iinmediateh acts on tlie piecursor of thiombo 
plastm (thromboplastinogen), conieiting it to its actne form This product 
acts on the prothrombui complcN to foim thrombin 3Vhen platelets are dimiii 
^hed, the con\ei*sion of thiomhoplastniogen is delayed and tlierefoie the aetiva 
tion of prothrombin is abnoimally slow This is easily measured by the pio 
thrombin consumption test which furnishes a better estimate of the time co 
agulability than the coagulntiou time since the lattci is meiely an empirical 
measurement of the time lequired for the foimation of enough fibnn to meet 
an artificially set standard such as sufficient solidity to hold the blood when the 
test tube is inverted 

The prothromhiu consumption is markedly i educed in severe thrombo 
citopenic pui'puia The coagulation time may however even be shorter than 
normal and therefore mask the basic coagulation distuibance In hemophilia the 
prothrombin consumption likewise is very low Thus, the basic defect made 
finate formation of thrombin is common to both liemophilia and thrombocyto 
panic purpura let the clinical manifestations of these two diseases are dis 
iinetly different One finds moreover occasionally a persistent low platelet 
fonnt Without a conconutant spontaneous hemorrhagic diatlicsis and a pro 
miiged bleeding time fn is likely therefore that the charaeteiistic features of 
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thrombocytopenic pm pin a such as the petechiae, the mucous membiane oozing 
of blood, and the piolonged bleeding time aie not due diieetly to the deficient 
of platelets but aie eaiised by a lactoi affecting the vasculai structine, paiticu 
laily the capillaiies, and tins is supei imposed upon the basic coagulation de 
tect In summaiy, the pooi piotluombm consumption and the defective clot 
letiaction are due duectly to lack of platelets, uhile the spontaneous lienioi 
ihagic tendency is attributable to a vasculai factoi whose action is accentuated 
by the coagulation defect 


34 A STUDY OP THE PLASMA DEFECT IN PATIENTS AVHOSE 
BLEEDING IS TEMPORAEILY CONTROLLED BY PEOTAiYINE 
SULFATE OR TOLUIDINE BLUE 

J Garrott Allen, M D (By Invitvtion), Leon 0 Jacobson, MD, and 
Burton J Grossman, B S (By Invitation) 

Chicago, III 

The anticoagulant action of hepaiin is lapidl}’^ oveicoine upon addition ot 
piotamine (salmine sulfate) Noimally when a standaid amount of 
IS added to a constant volume of blood (0 09 mg ot liquid hepaim pei 
ot blood), its action is legulaily oveicome and clotting occuis with a stanuai 
amount ot piotamine sultate, 0120 mg In ceitain hemoiihagic states, nios 
but not all of which aie associated ivitli thiomhocytopenia, consideiably mo 
protamine may be lequiied befoie clotting occuis These patients 
have a piolonged Lee-White clotting time, the clotting of which is ® . 
gel-like foimation This syndrome has been obseived in patients wi 


cemia who aie bleeding, patients undei evtensive nitiogen 


theiapv, a small peieentage of patients with idiopathic thiomboevtop t 
puia, in thiee patients who leceived heavy “spiay” viadiation, m s ‘ 
tients who bleed abnoimally but in whom the platelet count and o 
clotting studies aie noimal, and in ceitain patients with meuoiihagia ^ 
The natuie of the defect is not known It may be due to 
hepaiin oi hepaiin-like substances since the defect measuied m 
piotamine titiation pioeeduie may be tempoiaiily collected by le , ^ gf 

tion of piotamine sulfate oi toluidine blue The possibility o , ipliu 
hepaiin co-faetoi associated with a hepaiinemia (^) has been yi to 

possibility was suggested by the tact that the amount of leiidei's tlie 

altei the hepann-piotaniine titiation in noimal seen m 

Lee-White clotting time incoagulable This is in contiast to ^ jnod 

the patient with this bleeding syndiome whose clotting time giteiecl 

eiately piolonged but whose hepaiin-piotaniine titiation is lei 
Howevei, since in vivo lapid intiavenous hepaiin gs- n niucli 

giam) admmisti ation in such iiatients oi in iiiadiated dogs ‘ append 
effect upon the whole blood clotting time than usually occi , 
likely that the hepaiin eo-iactoi is abnoimal j,ia\ be 

Since many of the plasma and tissue pioteins aie pait account 

that the associated piotein changes in some of these disoi substani.es> 

foi the distuibanee thiough the lelease of hepaiin oi P®P , suggest tlmt a 
which mav then affect the clotting system Present st g oi actum’ 

diminution in the antihepaiins of plasma and/oi an / ly aftected mon 

of the plasma hepaiinoid substances aie the systems mos 
data aie required befoie a final conclusion can be drawn 
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Ji CIUNGES IN BLOOD *1ND BOND JIAKUOW IN ACUTE LLUCLMIl 
INDUCED B\ AMINOPTERIN 

J JI STicKNf \ , II D A B IL\gedorn II D S D Mills II D , and 
T \LBEHT Cool EE II D 
Rochester, Minn 

(IsTRODucLD n\ r J Heck MD) 

4 Anunopteioi 1 ololRRii® RokI ( -Inmioptciiii) Mas admimstcrcd to eight 
ceu adults aud cluldieii uitli acute leuccniia diUoiiosed by studj of tlie blood 
and bone inaiiou Reinissious in the elimcal eoiiiNe of the disease as Mell as 
improvement in the blood and bone mallow weie obseived in some uistances, 
altbouoli manj patients made no lesponsc to the ding To\ic manifestations 
included stomatitis, diaiihea tlopeeia deifiiess and tcmpoiaij aplasia of the 
bone niairow In an attempt to picvcnt tliese toxic effects Mtamin B complex 
crude liver, and folic acid weie used 

When the lesponse to ticatment was favoiablc chaivos in all the elements 
of bone nianovv weie conspicuous The mveloid cells assumed a mole normal 
pattem and in Ijmphatic leuceniia the lymjihootes deei eased and became moie 
niatiiio Tilt uicicase in orvthiopoicsis was stiikin, A\ hen folic acid oi livei 
extract was not administeied the maiiow sometimes contained nicgaloblasts 
and hv perlobulated polymoiphonucleai leiicoevles Livei or folio acid pre 
tented megaloblastic changes oi caused them to disippeai aftei they weie estab 
hslied 

These observations Tie fuithei confiiniTtion of the thcorj that Aminopteiin 
has an action antagonistic to that of folic acid Tlie length of time over which 
the clinical observations have been made docs not peimit any definite eonclu 
sions Tbout the eventual effect of Aminopterin in acute leucemia 
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36 THE MINIjMAL SODIUM DIET A CONTROLLED STUDY OF ITS 
EFFECT UPON THE BLOOD PRESSURE OP ASIBULATORY 
HYPERTENSIVE SUBJECTS 


Milton L vndowne, M D , Walter Thompson, M D (B\ Invitation), cad 
Barbcra Ruby, B S (By Invitation), Chicago, III 


The admmistiation of a diet iigidly lestiicted m sodium may mflueiice 
the habits and leaetions of the patient profoundly, alteiing blood piessure 
thiough mechanisms unrelated to the eiiect of sodium lestiiction pei se A con 
trolled evaluation of the factois attendant upon the use of this diet is ueces 
saiy, paiticulaily in the nonhospitabzed patient Accoidmgly, twentj-one 
hypertensive subjects weie placed on a ealoiicaUy adequate diet estimated to 
contain less than 300 mg of sodium pei day and were followed for appiox 
nnately eighteen weelcs Blood piessuies were obtained in the cliuic bj a con 
stant technique, and twenty-fom hour urine collections were made once a week 
All subjects received medication, consisting either of 4 Gm of NaCl a dai oi 
of identical appearing placebos Aftei each si\-week period the medication 
was either changed oi continued aceoiding to pi eai ranged schedules, initially 
selected at random foi each subject by the phaimacist , 

The expeiiment thus consisted of tliiee periods, diffeimg omy m tnat 
during one (or two) peiiod(s) supplemental sodium chloride was admmisterea, 
wlule in two (or one) peiiod(s) the sodium intake remained at a baie nuninnm 
The subject, whose cooperation wms solicited, was rmawaie of the natiue ot 
medication, and during the study the investigators did not loiow which meai 
tion wms being taken 

Results — Data from which evaluation of the effect of rigid 
stiiction upon blood pressure could be based were available from oi T ° 
of the subjects The criteria for then selection reqruied that the 
hour urinary sodium average below 500 mg for at least one peiio a 
1,000 mg for at least one peiiod For these subjects the average o 
pressures taken durmg rigid sodium restriction wms lower thaii hgglp 
duimg the periods of added sodium, by 4 72 mm Hg diastohc (laUo , 

-S 02) and 4 96 mm Hg systolic (range, 22 15 to -7 90) , 

All twenty-one subjects yielded data for at least o^uies for 

ordei of sodium excretion, from which the variances of the bloo P,, 

the group were determined On this basis, the probability gp for lie 
mentally observed differences could be due to chance is less than , 
diastolic values (t = 3 01) and less than 1 m 20 for the sj 
(t = 2 36) 


Conclimo'iis — cnectssfuH) 

1 A diet rigidly restricted in sodium is difficult to adminis er 

to ambulatory hypertensive subjects , i mpssuie oi* 

2 A difference of less than 5 mm Hg in average bloo P 
served, ascribable to the effect of NaCl restriction alone 

3 This difference is statistically significant 
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J7 THE EFFECT OF DLSOXICOKTICOSTERONE ACETATE AND 
PROPILENL GL\COE IN EXPLRIilENTAL RENAE 
HYPERTENSION 

D D UTS, Jr , M D (B\ In\ttvtion), *Ilbeht Sf g ilopf, H D , ino 
^Y^, u.^3t J icoBS, M D (Bi Inmtvtion) New Okllvis&, Lv 

E\peiimeuts peifoimed to dcteimiiie tlie blood piessuie lesponse ui leual 
hjpexteusue and noimnl dogs ic\ealcd the toUo«ing (1) a small but definite 
pressoi effect from mtiavenoiis idimiiistiilioii of piopjleue gljcol lu unaiies 
thetized dogs (2) no additional effect fioni intuicnous adininistiation of 
(lesosjcoitieosteione aeef ite dissohed m piopilcnc gljeol (3) no pxessoi 
effect fioni intiatonous. administntiou of desowcoiticosteione glucoside and 
(-1) a suiiilai and sustained pnasoi effect fiom contmuod subcutaneous admin 
istration of desosjcoitieosteione acetate m sesame oil in both tioinial and lijpcr 
tensn e dogs 

Initial expciiments neie peifonned on mongiel dogs trained foi blood 
pressuio deteimiintioiis bj fenioial aifciial piiiietiiie Tiuce neie made lijper 
tensite b> leml arterial clamps oi pciiienal sill niajijnngs Appioi-iraately 
eighteen mouths woie alloncd as the postopentne st ibilizstioii peiiod Desosj 
corticosteione acetate in daih doses of 0 15 to 1 28 m^, pel kilogiam of body 
Height Has gneu foi a total of eight pciiods of si\ neeks each in tiuce hype! 
tensile and two iioimal dogs Blood picssuie uses ot 2o to oO mm Hg were 
observed in setep instances These tieic sustained and disappeaied within two 
to four weeks of withdiawal of the ding Repeat comses ot the diug m the 
same annuals produced shoitoi and less pi onounced eleiatioiis of blood pres 
sure winch tended to ictuin to control level before tlie ding was discontinued 
In some instances the [lost treatment levels wcie 20 to 30 mm Hg lower than 
oontiol levels Tlieie woio no essential differences between the responses of 
the hjperteiisive and the noiinal dogs 

111 a second oioup of cvpeiimcnts piopvleiic ghcol and desow coitieostei one 
acetate in propjlene tbcol weie given intnvcnonsh to thiee hypertensive 
and three noinial dogs In twontv si\ dctoimiiiations no significant difference 
between normal and hjperteusive blood prcssuie lesponses to the two prepara 
t'oiis was noted Two cubic cciitimeteis of piopvlciie ghcol legulailj produced 
a rise of 15 30 iiim Hg in both gioups The response was unchanged bv the 
addition of 5 mg of desow coiticostei one acetate 

Aqueous desoxjcorticosteione glucoside in dosage of 5 mg intiavenouslv 
had no pressoi effect in aiij instance In an aculeh hv pel teiisiv e dog anes 
thetized with pentobarbital sodium no significant picssoi effects were observed 
"ath anv of the three prepaiations 


38 INTR V ARTERHIE BLOOD PREbSURE CURVES DURING TILTING 
A New ]\Iethoi> of Studm^o II\p£Rtension 

Roberts Green HD (B\ Invitation) Arnold Iqlvuer AID and 
Johnson AIcGuibe HD CiNciNNm Ohio 

Pre\ioDg studies demoustiatcd that the Wood pressuie at the Ie\el of the 
aortic arch in^aiiablj lose duiing a tilt from 20 degiees eiect to a 45 degree 
ocad dovm position and fell duiing the return tilt to the 20 degree eieet position 
iacse alterations were due to a change of the effect of the foice of grant} on 
^ central blood column 
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These changes appaiently acted as mtia-aiteiial stimuli to blood piessme 
legulatory niechaiiisms In noimal subjects, maintained in the altered position, 
the piimaiy elevation that occuiied diuing the head down tilt was followed In 
a secondary leflex depiessoi response, the tall during the eieet tilt by a piessor 
lesponse, wheieby the blood piessuie letuined within eight to eighteen seconds 
to approximately the initial level, legaidless of position 

Similai studies have been completed in a senes of fifty iionselected pa 
tieiits with hj’pei tension Piimaiy mechanical alteiations of blood piessuie oc 
euiied duiing tilting as in the noimal group However, the secondaiy response 
to these alterations varied 

The ele\ation dm nig the head down tilt was followed by four tidies of 
1 espouse 


1 Delayed depressor the blood piessuie rose fuithei betoic falling 

2 Decreased depressor the blood pressure remained at an eleiated 
level toi a prolonged period 

3 Normal depressor 

4 Increased depressor the prcssiiie shortly after the head donn 
tilt was lower than in the semieiect position Patients with tins 
type lesponse usually conpilained ot dizziness on bending ovei 

The fall during the erect tilt was also followed by four types of lesponte 

1 Increased piessoi the blood pressure immediately surged beyond, 
then gradually letuined to the initial level of the 20 degieeeiec 
position 

2 Normal pressor * t i n the 

3 Decreased pressor the blood pressure remained loivei tiian 

initial erect level for a prolonged period ’ 

4 Delaved piessoi the blood pressure fell further before i = 

to the initial erect level , 

Patients with the two latter types of response usually complaine o n 
ness on arising suddenly ^ .jij, 

Yaiious combinations of piessoi and depressor response occu i 
\idual patients, that is, normal depressor with increased f 

piessoi with normal piessoi, etc In a given patient the coni nia 
spouse lemained constant on successive tiltings .i ],(,ad 

In normal subjects the heart rate invariably slowed to ^ 
doivn tilt In some hypertensive patients the heart rate slowed as 
in others it did not change , ,pfle\es "'ll 

It IS hoped that this method of study of the cardiovasci g],e 5 to 

offer a means of classifying hypertension and indicate possi 
treatment 


39 ANTIBODIES AGAINST BENIN AND "SUSTAINED 

PEINCIPLE” PEODUCED BY INJECTIONS Ob 

KIDNEY EXTEACTS ^ 

\ T D PEIHCE, dA Lf 

0 M Helmer, PhD,E E Shiplev,MD (By Hvitation), J 

(B\ Inmtvtion), vnd K G Kohlstvedt, M D , luto 

Intiamiiseulai oi intiapeiitoneal injection ^^'^^bstance or su'’ 

seceial animal species caused the appearance in the sera , sustaii‘0 

stances capable of destroying or “neiitializing leiiin 
piessoi principle ” . pA o-vei tb® 

Extiacts prepared from hog kidneys w^eie antibodies aga"' 

of a veai to a senes of ten hypertensne patients Alt » 
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bog rciiin and hog ‘ sust lined picssoi piinciple’ ^\ele formed lu the seiuin of 
these patients, the antibodies failed to neutialize human renin or ‘ sustained 
pressor principle ” These extracts uluch did not possess initating and shock 
producing propeitics caused no lowciing of blood piessure in the patients 
Of the se\eial tj^pes of animals used onh the dog pioduced antibodies to 
Its oun renin when injected i\ith heteiolooous kidne\ extiacts 


40 EFFECTS OF SPLANCIINICECTOJn ON BLOOD PRESSURE AND 
ON CARDIAC AND RENAL FUNCTION 

S AV Hoobler, MD, J T il inning, MD (B\ IvsiTmox) S G McClell^vn, 
MD (Bx Innut moN) He\r\ Renpert Jr AID (Bx Invitvtion), 
vndAIwAI Peet MD (B\ Iwitvtion) 

Aw Arbor AIich 


One hundred eight liNpeitensnc patients weie studied befoie and ten to 
sixteen months ^aftci supiacliaphiagmatic splamhniccetomj (Peet) Thirty 
otte contiol patients acceptable foi the optiation who did not undergo surgerj 
i^ere reexamined ten to eighteen months htei under similai conditions These 
patients weie comparable to the opeiated ^loup in age sex lieioht of blood 
pressuie and duration of h>poitension and weio tieatod b\ the usual medical 
yetliods including mild sedation in some cases Table I pieseuts the significant 
aifferences in the obsenatious on the two gioups at the time of followup ex 
amination 

Tvble I 


initial status Qt lATIEWT 

Caaual diaatohc blood pressure exceediug 
110 mm mercury 

tardiac enlargement present by teleroent 
genogram 

g^^°fi^rdiograpliic abnormality pre'»ent 

Irntability and nervousness 
nmme«g 


POST SPLANCIINICECTOMN 
SEIllES 


CONTROL SERIES 


NUMBER 

1 % IMPROVED 

1 NUMBER 

[ % IMProNEI) 

so 

21* 

2o 

0 

15 

20 

5 

0 

81 

oo 

9 

0 

84 

92 

20 

50 

73 

72 

16 

25 

50 

76 

13 

54 

1 diastolic 

blood pressure at follow 

up \isit was 


IniproNed. 


Onlj twehe of the patients had a diastolic blood piessuie below 90 aftei 
operation AVe belie\e, ho\\e\ei that theic were definite evidences in ceitain of 
e other hvpeitensne patients that the opciation impro\ed their clinical status 
ni T compared ivith the control subjects This result was aceora 

pushed Nvith a minimum postoperatuc disability patients left the hospital ten 
0 twehe days after opeiation and wcie able to icsume full activity in two to 

ibree months 

Sixteen of the splaiichnicectoniized patients who had had a 20 miii de 
diastolic blood piessure weie compaied with sc\enteen patients who 
gM slight inci eases m prcssuic one xear after operation In gen 

in t / 7 ? subjects in the gioup which impioved weie younger had a highei 
pressure, contained inoic females and showed a greater fall in 
ooa pressuie after tetractlnlammoniiim than did those in tlie gioup showano 
poor results 

four patients renal hemodynamics were studied before and at 
anoua time intervals after operation Renal blood flow (paia aminohippurate 
i«arance) was usually unchanged but filtration rate (mannitol or thiosulfate 
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fli.s.^aZ.ct:j 'tnued to lail. witu a coiiscOLi.eDi dcrt.l.T.e m rliiapua irauioa. In 
5‘^ cn pa’^icnts '.'Uii a 20 per lent posroreratiTe rcdiiLi’on ui mtan o'oodpito 
-lire tee rceal rdood f O”- wras r>.ajiiiained and mere a c-umcqucut decline 
in icral r* aLstance auggfcjtmn iome nostoDeran^'c renal vayyilatanen 


41 THE AETEEIOLES OF THE SKEC IX E-rSE.\TIAL HYPERTENSION 

Edo e a Hixes Je , 21 D , Rochesxef 2Iixx , axd Ecgexs 1L Farbep, iLD 
(By Ix\Tr-iTioxj, S\x Fkaxcisco Cmi? 

It 13 genci-allc actepted that a diirusc d’aturbante oi the aitenal side oi tlie 
'a*''u}ai sc -^icm cciata m hypei tension. Curioush enough the cutaneous arten 
olar Dedb m jieople ’nth essential hypertension have not been studitd adetiuateii 
i Oi tun. lea-son eve relt that a controlled studv oi the artenolar bed oi the Jan 
in a trroup oi pci'Oiis> v ho had essential Inperteusion might be oi value 

ilatcnal loi this studv v\as obtamed iiom the upper arm lumbar region 
and call oi fill- -tcio peiaon^ who had nomial blood pressure and irom seunt' 
persons vlio had nioderaie to severe essential hvperieusion TheskmnosO 
lamed by means of excision and pimcn All the material m the mpe ensiv 
group was secured nom living people The vonugest peison with mpei eiisw 
was 29 vears old dm oldest peiisou was SO ’ ears or age the r 

years Of the ni.\-two specimens of skin removed iiom peisons w o p„n!> 
inal blood pies>utc loidy weie taken irom living people and twelve wer 
tamed at neciopsv * i, 

Sections for microscopic study were made A Bauseh ™ .gpjtion 

ejepieee was used over a Ingh-powei objective which produced a ° 
of 430 tmies (43 . 10) With this instrument the 
wall of the vessel and diametei of the lumen weie measuied «,fpnolfswe 
slide from left to light and made measurements of the fii'st mui 
saw m each slide j]ie ^all 

A measuiable tluckenmg of the arteiiolai wall and a 'j],g slan of 

to-lumen ratio as compared with normal weie found ^ ^ of the ar 
patients with hcpci tension The aveiage of the w all-to-lumen la^^^ 
tenoles of fifty-two peisons with normal blood i 

sev’enty pei'sons who had essential hvpei tension it was 1 1 
were equallv aftected m the same case ^ nuclear eIeM®b 

be the mod 


of the 


Qualitativ’e changes were also present Hvp^^P^asia ot 
le media and thickenmg of the inner elastic lamina aPP™r«^ 


to 


u± LUC ulcuju aiiu inicKenmg of the inner eiasiie luuuuc i.,-,- occurrcif 

common changes Oceasionallv, complete occlusion ot ‘ l ],\peiteiisi<»' 
Although the arterioles m the skin of peisons who had maliA 
were more piofoimdlv altered than were those of peisonswiio * 


A aiucieu mail wen; j.-- ncniit Hi i***’' - 

of hjTiertension, equallv severe qualitative changes were piesem 
of a number of persons who had the other tvTes of liTP®V X niteiiola'' 
With normal blood pressure had medial h'^Tieitiophy oi 

42 RETINAL ARTBRION^NOUS NICKIf^^Ct 
II A Long-Terxi Study of the DEVELOPiiuxT op 

P VTiEXTS With Hypertension 
SxiMUEL A Shelburne, 21 D , DjVLLVS, Texas ^ 

We reported our studies on the significance of '""l.fsSetv w 
tenovenous nioking in patients with hypertension beioie ^jgjits 
her, 1939 We have now le-stndied a group of these same i 
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to ten j ear inter\als and ln\t followed for the fiist time tlie development of 
artenov cuoiis nicking fioiu the e uhest stages to the latest e have thus shown 
for the first time that the so called eailj lesion actinlh develops into the late Ic 
Sion The importance of distinguislniiQ these lesions one fioiii the other will be 
emphasized Coloi di ivvings ot nniisml claiitv will he picscnted showing the 
various tjpes of aitcnovenoas nicl mg iiid otiici letinil utcinl changes found 
m hv'perteiisiv c patients 

43 THE LN&ULI\ TOLLRAXCE OV THE H\PLKTENsi\r PATIENT 

GezvdlTvkvts vnd Jvck Lvsnui 11 D (B\ Invitation) 

Chicago, Ili 

The insulin tolciance of fiftj hjpeitcusne patients have been studied One 
tenth of a unit of insulin pei kilogiam of bodv v\ eight w is micctcd mtiav cuouslv 
and blood sugar levels wei-e deteionmed at 13 30 CO, 90 and 120 minutes aftei 
each injection A noimal lesponsc was cliaiacteiized bv a drop of the blood 
sugar to about 50 pci cent of the fasting level at thiitv minutes followed bv a 
return to normal in the next two houi'S 

In the piescnt senes of fift> patients 16 pci cent showed complete and S 
per cent showed a paitial lesistance to the mtiavonoiis dose of insulin This 
insulin I'csponse was used to measme the picsence of coiticoadienal activitv 
Saeh hj-peractnitj may be one of the causes of immediate fiiluic following 
splanchnic nerve section although delated impio\ement nnv occur 

In addition, our previous obscivations that tlic insulin lesistant diabetie 
patient becomes insulin sensitive aftei splanchnic ncivc section was ohseiwecl 
in two patients with dialietes in this sciics 


44 PALPITATION 

Edw \rd IIassie, 31 D , AND Herbert C Wifoan'd, 11 D (Bi Inwitation) 

St Louis jMo 

Palpitation is a symptom usually much moic alaimmg than serious It 
consists of an unpleasant sensation of the hcait's action vvlietbci slow oi fast 
i^^ai or ineoulu It moie ficquentl) does not indicate piimaiv physical but 
rather a psvchic distiubaiicc 

hunched patients fiom Baines Hospital imvate pnctice and the 
vashingtou Univeisitj Clinics presenting vaiious degices of palpitation weic 
studied to deteiniine the cluiical chaiactciistics of this condition Of this 
«roup appioNimateh half were chuic and the othei half hospital patients 
foil! pel cent weie females and 36 pez cent males Palpitation was noted 
^ a prnuji\ complaint in approMmatclj half the cntiic giouji and as an 
accessory comphmt in the lemainder The commonest a^e incidence was in the 
Aoup from 40 to 50 jcai’s and ne\t m older of ficqiiencj v\eic the sixtli and 
•ourth decodes One hundred umetv Hag (49 per cent) had a severe foim of 
PaTitation, 183 (46 pei cent) had this symptom to a model ate degree and 22 
w per cent) cousideied it mild In women the complaint appeared moic con 
ui the severe foim 

. fhc 152 patients witli caidiac and vasculai disease tlic piintipal 
'0 ogle factoi's included aiterioscleiosLs and hv pei tension (53 jier cent) hv pei 
alone (IS pei cent) and ilieiimatic fevci (7 per cent) Seventeen per 
-L ll^o total gioup had e\tiacaidnc conditions of diveise tjpe The ar 
fajlhmias eneounteicd in tlie 325 patients who had clectioeardioc,ranEs in 
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eluded ventiiculai e\ti asystoles (22 pei cent), auiiculai fibiiUation (12 per 
cent), sinus tachycaidia (9 pei cent), sinus biadycardia (6 pei cent), anclien 
tew instances ot ainiculai exti asystoles, auiiculai lluttei, and paiowsmal 
auiieulai tachycaidia Two patients had complete lieait hlock Two hinulicd 
twentj -seven patients had basal metabolism tests, only tliiee had lates aboie 
+30 pel cent, and nine iveie in the lange fioiii +20 to +30 per cent Onlv sl\ pa 
tieiits had clinical hypeithyioidism 

Two hundied twenty-eight (57 pei cent) of the entiie gioup piesentedpu 
maiy neivous complaints, and of these patients, 57 pei cent had a definite an\i 
etj state, 22 pei cent weie typical of neuiociiculatoij asthenia, 12 pei cent 
piesented pioniinent menopausal sjunptoms, and 9 pei cent weie psycliotit 
Analj SIS of the eases levealed no significant evidence that such factois as diicniia, 
fevei, digitalis, oi smoking had any diiect comiection with this svniptom E\ 
cessive intake of alcohol oi coffee seemed to pioduce niaiked palpitation In 
doubtedly the most common etiologic factoi was the piesence ot a significant 
anxiety state, and when this ivas associated with emotional stiess oi fatigue, 
palpitation became not only a fiequent, but also a most tioiiblesonie symptom 


IND 


100 


45 OBSERVATIONS ON ONE HUNDRED PATIENTS AVITH 
MYOCARDIAL INFARCTION WHO SURVWED 
UP TO SIX YEARS 

G Y Mills, MD (By iNyuTAiioN), P Cisneros, MD (By Invititioin), 

L N Katz, MD , Chicago, III 

We haye leeently had the oppoi trinity to make a ^ 

patients who had suivived an acute myocardial infarction for noni on 
years , 

Oui patients represented a cross section of the j^^o'^tlieir 

eupations, interests, and income Most of the patients had jPle 

foimei ]obs In most instances the ymiingei patients weie moie iCo 
to resume a full share of pieyious actiyity after recovery than ^ 

to lia'C 


In general the trend was toward a higher blood piessiue at ^ 


that which existed at the time of infarction IMales weie (g,]sioii wai 

hyper tension with the gieatest incidence on the fifth decade ,i,Q„iaphic 

the most fiequent finding among patients with little elec i = 

restitution peinalcs 

Angina pectoris occiiiied four times as frequently m jjg ,io ida 

with the gieatest incidence in the sixth decade Theie ^gg^diogiapliu- 

tionship between angina pectoris and the amount ot e ec 
restitution decade 


Heart failure was seen most frequently in restitutio” 


L- OCCll lllV/OU Xi j. . 

Almost all of these patients showed little electiocaidiogiap n 

Combinations of angina, hypertension, and heart fai gjgggdes ^ 
quent among males than females, especially in the fifth and si ^ gombniatiou 
of the patients with complete electiocaidiogiaphic restitutio 


most tre 

None 


of angina, failure, or hyiiei tension 

klore than fiye times as many males as females weie ‘“[gyioiis - 
gieatest incidence wms in the fouitli decade Patients wn*‘ i ^ ,,rgp to 
01 atypneal infaietion electiocaidiogiaphic patterns 


‘asiini: 


otomata 


>’ flic 

lateral 


' V ntph to 

had 


ui iiuaicLioa eiectiocaiciiuj^icipiiA^. iTxfnniitic P^^^**^**^* 

asjmiptoniatic Approximately two-thuds of the g ot their 

no distiirbanes of conduction, ihythm, or yoltage at tlie t 



proceedings of T\\EM\ first VNNUiL MEETING 


14S9 


46 LNTRAVENOUS CATHETERIZATION 01 THE HEART IN THE 
DIAGNOSIS OP CONGENmVL HEART DISEASE 

Do\ W Ch VI ii vN, ilD , Lloyd J Gugle MD (By Inutytion) 
Houston, Tex vs 

Recent advances in siUoical alteiUion or collection ot ceitain congenital 
defects of the heait and oieat \cssels mike it impeiatnc that moie aceuiate 
diagnosis of such lesions be mide Intiavcuous catheteiizatioii of the heart has 
been a useful aid to asceitain the condition in patients suspected ot having sucli 
congenital abnoimalities 

A 6 Frencli oi 9 Piench special cathetei is mtioduced into the median 
basilic \em and passed undei fluoioscopic contiol via the subclavuan veui and 
supenor vena cava into the light side ot the heart and into the j)uImonaiv alter) 
and Its blanches The oWnOii content ol simples ot blood aie obtained at vai 
ions sites and should not diffei iioimallv bv moie than 19 volumes pei cent 
Picssures m the various sites aie recoided bv means of a Hunilton manometei 
This pioceduic has been used m 58 patients with oi suspected of having 
congenital defects of the heart oi gicat vessels The losults illustiatc its value 
to ascertain vvhethei oi not the patient has a defect to indicate the opeiabihtv 
ivhen defects aie discoveicd and to suggest the prognosis 

In cases of auricular septal defect the owgcn content of the blood fiom the 
right atiiuni is greater than that lu the vena oavac In patients with ventiicular 
septal defects, a significant incieaso in owgen content in the blood fioin the 
rioht ventricle is deinonstiated when compnied witli that in tlie atinim Septal 
defects niav also be deinonstiated b) passing the catlietci through the defect 
into the left side of the hcait Patent ductus aiteriosus is diagnosed bj finding 
au inci’easo in o\jgen content of blood from the pulmonaiv aiteiv as eompaied 
^ith tlie right ventricle and occasional!) bv an increased pulmonai) aitenal 
pressuie Cases of c)anotic congenital heart disease aio piesented showing the 
usual absence of left to right shunt Oanotic patients with inci cased pressure 
m the right ventricle 01 pulmoiiaij aitcrj aie discussed Combined lesions such 
^'5 c)auotic congenital heart disease with patent ductus aiteiiosus mav be found 
and patients with such abnormalities arc desenbed Seveial patients who 
''ere suspected of congenital defects but in whom the cathetei ization studios 
"ere noriml aie desenbed A ease in which a pulmonaiv vein was found to 
eniptv into the right (?) oi common (?) atrium is lepoited Complications of 
die procedure includnig piemature ventriciilai contractions phlebitis and 
renospasm, are discussed. 


dietary and HORilONAE INPEUDNCBS IN BXPERBIENTAL 
ANURIA 

G iLvssoN, Ph D (By Invitation) A C Concoii vn, M D , vnd 
Irvine H Page, JI D Cleveland Ohio 

The importance of diet m the treatijient of uremia lias been recenth empha 
b) Borst The present study was devised to test expeiimentally the ei 
eets of high iso calonc (9 Cals pei 100 sq cm hodv siuface per dav ) cnibo 
'"drate fat and piotein diets and of the piovision of hoimones (desow 
® icosteioiie acetate and free testosteione 5 mg dailv of aqueous suspension) 
survival times and azotemia (blood uiea N) in hilaterall) nephreetomized 
AU treatment was begun at the tune of ncphiectomy 
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Data aie sumnicuized m Table I _Siuvival was definitely impioved and 
azotemia gieatly diminislied by administiatioii of iat oi eaiboliydiate latliei 
than pioteiii Suivival was somewhat moie pioloiiged and azotemia deceased 
by administiation of caibohydiate latliei than fat 


Table I Mean Survival Times and Blood Urea Nitrogen Levels in Bilateraili 

Nlphrectomized Eats 


DIET 

TRE VTMENT 

NUMBER OF 
ANIMALS 

SURVIVAL 

TIME 

(HR) 

BLOOD UREA NITROGEN 
(MG) 

AT 30 HR 1 AT IS HR.* 

Protein 

0 

40 

42 

264 

5a0 


DCA 

10 

44 

203 

513 


Testosteione 

10 

44 

240 

461 


DCA and testosterone 

10 

52 

281 

510 

Carbohydrate 

0 

20 

93 

112 

134 


DCA 

9 

127 

89 

131 


Testosterone 

9 

118 

100 

130 


DCA and testosterone 

9 

116 

60 

90 

Fat 

0 

10 

74 

135 

175 


DCA 

9 

79 

113 

167 


Tesotsterone 

9 

74 

121 

i/3 


DCA and testosteione 

9 

71 

122 

166 


•In Survivors 


Tieatmeiit witli lioimones had no significant effect on snivival time 
less of diet, and little effect on azotemia The data indicate a deciease iii oloo 
iiiea in lats tieated with DCA and testosteione on the lugh caibohydiate aie 
It IS not established that this change is significant and it is, in am ease, evKlen 
that it does not impiove suivival 

These e\peiiments substantiate the beneficial effects claimed by ?? 
the tieatment of uieniia by administiation of a high caloiic diet, comp 
laigelv of eaibolndiate They do not confiim the suggestions of otliei’s 
hormonal tieatment is ot value aftei nephiectomy 


48 PLASMA PEOTEIN STUDIES IN CHILDEEN WITH 
RHEUMATIC FEVER 

Elizabeth L Knapp, PhD (By Invitation), Joseph AV Giffee, MS ( 
Inaitvtion), and Robert L Jackson, MD , Iowa Gita, low i 

Recent statistical studies completed by this clinic levealed ^i^glu'ldren 
low leciiiience rate foi a liigliH susceptible gioup of young lueu , care 
nho had lecened special attention to impiove then diets anale\e 
Pi 101 to management, the diets of these children commonly w 
deficient in piotein The i elation betiveen anahmis and aiijumm oufJ 

Avas studied In geneial the electiophoietic paitition between t fl^nnogeu 
the total globulin fi actions confiimed the chemical analysis j],e more 

fiaction tended to be liighei by the electiophoietic method gonsutcntb 

active phase of iheumatie fevmi the values foi plasma albiinnu gjobulm 

and maikedlv deci eased, while the values toi gamma tiad’O'' 

and fibiinogen vveie incieased The changes m the condition 

vveie paiticiilailv piononnced AVitli inipiovement m tnuiid tbe 
the child the distiibntion of the plasma ® „Qi]iial vah’^s 

Eetiiin of the sedimentation late and the plasma alhnmm 
eially occnired simultaneously, but eveeptioiis vveie obseive 
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49 THE REIiIEr OP EDEALV IN NEPnROSI‘4 BA PL ISALV ALBUMIN 
AND GELATIN INFUSIONS 

WiRBEN B Cooknev, MD, Detroit Mich 

Seven patients mtli adnnecd ncplnotic edema mIio had been tieated bi 
the usual methods Mitliout liencfit, \ieie oUin 1 use mioiints of salt poor plasma 
albumin intrai cnoiislj Tlieie Mere tuo failiiios one of Mhieli Mas a death 
from mfection Pom cases piogicsscd to i sitislacton remission after the 
marked diuresis which mts ohtniied and one nse is still pindiiig Thiee pa 
tieuts have been dniiescd most STtisfnctoiih Mith 10 pei cent gclnlm in distilled 
water and tliico have been tieitcd Mith both „chtiii iiid Tllniniiii Mith veij 
satisfactorj results These e\peiienees stion^li su^^est tint i gieath Instcncd 
remission in cases of the nephiotie sindionie is ottiii possible hceause of the 
effective diuiesis hiought about hi tins method 

50 THE ACTION OP SEA LRAL I ARDIAt GLACOSIDLb ON 
ENCITABILITA and CONDUCTION ALIOtITA IN THL DOG HEART 

Gordon IC Mob MD, ind Rihel AIenuez AID (Bi IwiriTiON) 
MCnico U 1 

DigitoNin (Digitaliiio Natucllo), Ian itoside I (t edihiiid) oiiahain 
(Aiiiaud), and k stioplniitliosido (btiophosid) iieic studied iii dogs uudci 
chloralose anesthesia The lieait m is esposed and ciectiodcs attached at various 
points on the siiifaco of the ii^lit iiiiiclo and both iciitiicles to pcimit measure 
meat of \V eonductioii linear coiidiietioii on the sin face of the leutiicles in 
response to elcetiical shod s And the thicshold of olcetiical e\citabiliti of both 
anrido and lentiiele Tlie gljcosKks iieie injected at thiiti iiiimito mtonals 
tn doses caleiilated to kill the heait in about foiii horn's 

Auricular eseitabilitj began to dimmish after the first dose, icaching 50 
per cent of noimal at 50 to 70 pel cent of the lethal dose Aniicnlai aiiest 
occurred at about SO pel cent of the lethal dose nhen auiiculai excitabilitj was 
17 to 45 per cent of noiinal Slioitli theieaftei the auiicles became 
completeh nie\citable 

Ventricular eseitahilitj inei cased sli„litlv (10 to 20 per cent) aftci the 
rst dose, but after the administration of 60 to 80 pci cent of the lethal dose 
“opi to dimmish lapidh TOachiiv lo'uls of 50 to GO pei cent of noimal shoith 
““ore death Although the fiist idioicutiicul ii heats Mere lecoided at a time 
wueii the lentricle was moie than noiinallj cNcitahle the fieqnencj of e\tia 
?“ejes niercased leading eventually to multifocal ventiicidai ihvthms and 
Pnllation, as the excitabdity diminished below noimal levels The ectopie 
activity produced hj to\io doses of digitalis cannot theicfoie he esplained m 
itrms of electrical eNoitabihtj but nthei of iiici cased automatism 

V conduction, as espeeted was slowed piogressivelj after the fimt dose 
111 complete block oecuried at 55 to 70 per cent of the lethal dose Sevcie 
t P^|rment of A V conduction was evident befoie anv slovvin,, of intravcn 
icular conduction could ho measuicd Afcntiiculai conduction fioin i stiinii 
"eg to a recording clceti-ode less tlnn 15 mm distmt vv is laiciv delaved and 
ton accelerated even m the teimmal stUeC of intoxication The time intcivul 
th 1 °il distant elcctiodes vv is not altcicd until about 70 jici cent of 

, “ “eil dose had been admmisteied hut then meicisod pio^icssivelv nnlil 
uca propagation of a foiced beat fiom the point of stimulation to i 

er electrode must lepiesent chiellv museulai conduction and to a dist int 
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point chiefly Puikiuje conduction, it would appeal that digitalis specifically tie 
piesses the specialized conducting tissue Digitalis hbiillation becomes possible 
when conduction in the Puikinje tissue has been depicssed so much that an 
excitation wave has not yet leached the most distant fibeis at the time nhen a 
new impulse has begun 


51 ETIOLOGY OP AUEICULAE FIBEILLATION AND THE 
jmechanism op its PEEPETUATION 


J G ScHLicHTER, M D , Chicago, III 
(Introduced by L N Katz, MD ) 


Obseiiations on man and the dog aie piesentecl which lelate to the etiolop 
ot auiiculai fibi illation and the mechanism of its peipetiiation Vagal btiiiuihi 
tion and anoxia aie the main etiologic factois in the initiation and peipetiiation 
ot auiiculai fibi illation 


Vagal stimulation ('mechanical and chemical) maA induce auiiculai fibi il a 
tioii Acetylcholine injected diiectly into the blood stieam was used m our 
expel iments to pioduce chemical vagal stimulation Modeiate anoxia le 
the thieshold of the auiicles to the initiation of fibi illation but does ’p'- ” 

this aiihithmia pei se, maiked anoxia, on the othei hand, inci eases the tii s 
old to initiating fibiiUation 

Anoxia of the auiicles was found oi piodiiced (1) bj' 
obstiuction of its vaseulai supply, (2) by a deciease in the amount ° 
camels, (3) by a deei eased oxygen content of the blood due to anoxic ’ 

and (4) bi luteifeience with tissue respiiation The .„inPoii 

lagal stimulation and anoxia can be plotted in a''graph and on this c 
the cause ot the peipetiiation of auiiculai fibiillation can be ^ „ pmi) 

clinical implication of these findings and the theiapeiitic appioach to 
lem aie illustiated and discussed 


52 DICUkL^EOL AND QUINIDINE IN THE 
TEEATMENT OP CHEONIC AUEICULAE PiBEILLAl 

E V Peigin, MD (By Invitation), xVND S A AVeismix", 

Los Angeles, C vlip ^ 

This lepoit consists of a study on thiity-thiee cases C'ouub 

fibiillation tieated fiom the outpatient depaitment of the => 

Geneial Hospital 

The pill pose of this investigation was to (1) add elmm>ate 

agauist possible thiombus foimation in the aniicle and the jjpatmg 
the piobabiliti of embolic phenomena aftei lestoiing a ciio 
to noimal ihythni, (2) to le-establish noimal sinus jjeait ami that 

the diffeience betiveen the caidiac output in a slow “ 

ot the heait aftei it has been lestoied to noimal sums ihV 

Matei lal — 

Sex Twenty-nine males, foui females 

Age lange 17 to S3 yeare 

Etiology Eheumatoid gioup, twenty-one cases 
tiiision gioup, tvelve cases 

Duiation of fibrillation Appioximately two veal's 


aiteiiosc. 
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Technique — (1) Patients iiere fiist digitalized (2) Ciiculatiou time le 
nous pressure, and vital eapacitj neie tlien deteimiiied (3) Dicuimiol ins 
administered until a piothiombin le\cl of between 30 and 20 pel cent vas 
obtamed (4) Quinidme theiapi i\as then gneii in daih incieasing doses 
The mavimum amount of quanidinc given an\ patient in a twentj foui lioui 
period was 30 grains (5) Aftei normal sinus iln tlim was obtained ciiculation 
tune, venous piessiiie, and vital eapacitv vveie again deteimmed 

Results — In eighteen of the thiitv three patients 55 pel cent normal 
rhythm was lestored It was also lestoied in ten patients 48 pel cent of the 
rheumatoid ^loup and eight 67 pel cent of the aitcriosclerotic and hvperten 
Sion group 

Laboratory findmgs in the lestoied gioup 1 ital capacitij ineieased on the 
average of 20 per cent Venous piessntc loweied on the avenge of 60 mm 
emulation time ether uicreased on the aveiagc of 3 seconds Calcium glu 
conate mcreased on the average of 8 seconds 


53 EXPERIMENTAL STUDIES ON THE COJIBINED ACTION OP 
digitalis (CEDILANID) and QUINIDINB (IN CATS) 

S a Weisman, M D , Los Angcles C vlif 

The meaning of the term ‘combined action of ciuimchne and digitalis on 
theh^rt, as discussed in the liteiatuie perhaps wan ants some clanfleation It 
usually refeis to the action of these dings on the heait affti thev have been 
given foUovving each other at varying time inteivals 

The purpose of this studv was to (1) leinvcstigate tlie plnimacologio action 
“^“Shalis and quinidme on the heait after giving these drugs in consecutive 
order at varying time intervals (2) to studv the effect of these drags on the 
tort after both drags are administered tO;,ethei and (3) to i emv estigate the 
It Qiunidiue on respiration following the administration of digitalis and 
tne effect on lespiration after these dings aie given simultaneouslv 
hi studies vvcie made on the (1) mortalitv (2) heart late, (3) 

Mood pressure, (4) eleotioeaidiogiaphic changes (5) respiiation 
h — It was found that theie appeared to be less toiic effects on the 

arart and the respiration after these dings were administered together than 
when they were given in consecntive order 

The clmical application of these obseivations is discussed 


51 PAROXYSMAL TACHYCARDIA LOW NODAL IN ORIGIN 
BENEFITED BY CARDIAC SYMPATHECTOMY 


Paul A Meredith, M D (By Invtt vtion) Ford K Hicr, M D , and 
Wesley A Gustafson MD (By Invitation) Chicvgo III 


SSyeai old, cyanotic, white female a complete invalid because of in 
paroxysms of tachycardia lasting up to fifteen minutes iii duration 
“‘^ai'vring till! tv to forty times pei day was admitted to the hospital foi 


^ General medical historv was of evanosLs since hiitli iheumitic fever at 6 
cer'h diphtlieiia at 7 mastoidectomy at 7 at 22 veais she had liad a 

eurovaseular accident with hemiplegia and aphasia which essentiallv cleaied 
SIX mouths 
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The exact natuie of the congenital caidiac anomaly was not deteimmed, 
but it was clinically diagnosed as coi tiiloculaie biatiiatum Tlie laboiaton 
A\oik-up levealed a slight polycythemia (hematociit, 55 pei cent, BBC, 55 
million) and electiocaidiogiaphie evidence that the oiigiii of the impulse of the 
caidiae stimnlns vas eithei low nodal oi high m the bundle of His 

The hist attack of paiox3'smal tachycaidia noted by the mothei was nhen 
the patient was 31/2 ^eais of age, and the attacks had piogiessed fiom once a 
month to the pieseiit fiequencj’^ It was eaily noted that vomiting caused a 
cessation of the fast late and this and othei manipulations weie utilized b\ 
the patient Electiocaidiogiaphie tiacmgs weie taken when the patient would 
initiate a paioxysm of tachj’-caidia b-y exeitioii and then stop the same bi 
phaimgeal stimulation Caidiae asystole up to 3 seconds 111 diiiation followed 
this coni ei Sion of ihjthm 

It was siiipiising that the autonomic neivoiis sj^stem exeicised coiitiolovei 
caidiae impulse of such low oiigin To establish the piesence of this control 
a phaimaeologic appioach was taken, jueldmg the following lesiilts Atiopine 
sulfate, gnen bv hj^podeimic needle, within ten mmutes pioduced a taclijTaidia 
which peisisted foi seieial hoiiis, qiiniidme snliate in minimal doses lesulted 
m an niciease in fieqiienej’’ and diiiation of the paio\3'sms of tachycaidia, 
Piostigmiue pioduced no change, digitoxin in theiapeiitie and neai toxic doses 
gave a deeiease 111 fiequeiiei’’ and diiiation of the paioxysms, diisopiopjl 
fluoiophosphate lesulted 111 deci eased fiequency and diiiation of the paioxjsms 
(Di-isopiopvl-fluoiophosphate destioys cholinesteiase which in turn allows en 
haiicement of the vagus thiongh piolonged action of acetylcholine ) 

In the light of these findings it was felt xvaiianted to lemoie the cai la 
autonomic aeceleiatois (the caidiae sympathetics) in an attempt to staij 
the caidiac ihxthm at its slower late A two stage bilateial 
tomx of stellate ganglion and the fiist, second, thud, fouith, and fifth tho 
neixes was done _ 

Since suigeiy the patient has expciienced only about five paioxys 
tachycaidia pei da\, lasting only a few seconds 


55 THE EFFECT OF APPREHENSION CAUSED BY THE TECHNlCAb 
PROCEDURES ON CARDIAC OUTPUT 

UiwRENCE G JLxy, MD (By Invitation), Alene Bennett, MD 

iiox), A L Lvxe, 5ID (By Inxutvtion), E D Fetch, H 
(B\ Ixmtxtion), jMvra Lynn Schooxier, JID (By Inx'itationj, 

YND Rayyiond Gregory, MD , Galveston, Text's 

In the course of studies of the eftect of spinal anesthesia on of 

the xaiiability due to appiehension was so extieme as to ma ® uoiDial 
these studies wholly iinieliable because initial contiol xalues 


w-iiieJ 


uiese scuuies wnoiiy iinieiianie oecause iiiiuai wincf 

basal lange could seldom be obtained Fiiithei 11101 ejhe caiuia^^^ ^i^^ 


unpiedictablv dining the course of the pioceduies 
aid normal values wmie always high 


The vaiiations 


thod 


101 mai values wmie always high a.rpot FiA nic'imt 

This report is based on a study of caidiac output by the .^j (]eteiniia‘'' 
111 twent3^-foui indniduals There w'eie iiexei less than thic . jn iiiu*^ 
tioiis of cardiac output during an experimental period g^j^ental pc'"^, 

patients four consecutive cardiac outputs wmie done at „ R geiierA 

It wms 0111 belief that high values xveie due to ^PT^®.\|pmnts to use tbe 
the rate of 0x3 gen consumption bore out this belief „ oa eiiteiia 
appeaiaiice of the patient, pulse lates, and lespnatoiy late tne 

citemeut tailed to con elate with either oui cardiac output 
oxygen consumption 
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^Yllen contiol \aluca of caidiac output weie normal limits, spinal 

anesthesia to the fiist tlioiacic nei\c did not cause decicase m caidiac output 
^Yhen contiol caidiac output ^aluts wcie high spinal anesthesia caused them 
to drop to noiinal lc\cLs Tins is pxolnbh due to tempoiaij denei\ation of the 
heart caused hy the hioh spinal ancstlicsia 

Oui frequent mabilit\ to obtain noimal caidiac output \alue3 foi contiol 
obseuations caused us to sedate our patients ivitli Nembutal moiphine, and 
scopolamine piior to and duim^ the obseivatious The uniformly noimal 
control cardiac outputs which we obtained in twcUc patients with such sedation 
liave been so satisfactoi} as to make us believe that sedation is essential in 
studies winch aie directed at deteiminino the effect of certain pioccdures on 
cardiac output 

tG the effects of acute UYPOXIA on the SENSITIMTY OF 
THE HEART TO VCLTY U HOLINE 

C CVLLFBVUT jMD (B\ InMTVTIOS) "\I 1 FLDM Jr il D {B\ IWlTATIOV), 
& Roduvrd Ml) (B\ IwiTiTioN) VXD L \ Kvtz MD Chic vgo, III 

This laboiator} has iccentl> been eiioa^ed m a studs of the physiologic 
responses of the ciiculation to acute hypoxia Me have shown that during 
acute seveie hypoxia the response of the blood vessels to cpmcphime is ^leatly 
reduced and that tins substance peisists in the blood btvond the hypoxic peiiod 
when relief of hypoxia is quickly introduced The eftect of hypoxia on the 
action of acetylcholine on the caidiac paccmukcis has also been analyzed In 
the piesent study the effect of hypoxia on the scnsitivitv of tlic heart to acetyl 
choline was measured 

111 nine dogs catheters were inserted into the left femoial artery and passed 
under fiuoioscopic control into the icgioii of the sinuses of Valsalva One 
hundred two injections of acetylcholine weic used during hypoxia and the 
decrease m rhythmicity and conductivity which was produced was recorded 
electrocaidiographically The threshold dose of acetvlcholine injected via the 
catlieter required to produce slowing or block was establrslied duimg air breath 
inia before and after each hypoxia test NitiOoCn bieathing v.aa substituted for 
air to produce the hypoxia It was found tliat the sensitivity of the heart to 
acetylcliolinc mcieased progressively witli the continuation of nitrogen breath 
ing, as illustrated in Table I 


TVDLE I 


DURATION 01 HYPOXIA 
(SEC ) 

1 INCHEVSEIV It K DISTVNCE i 
1 (SEC ) j 

PRESENCE OF V \ BLOCK 

ContTol 

0 

0 

30 

03 

0 

00 

05 

+ 

100 

11 

+ 

140 

17 

+ 

ISO 

25 

+ 

220 

3S 

+ 


Relief of hypoxia bv leoxygenation resulted m a letuin of the acetylcholine 
to normal within tlic next minute or two 
The cardiac slowing and asystole sometimes seen m acute hypoxia may be 
related to a similar potentiation of acetv Icholmc action It is possible that the 
apparent inciease of cardiac sensitivity to acetylcholine is m reality the result 
continued presence during hypoxia of endogenous acetv Icholme in mcreasmg 
amounts summating with that injected 
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57 THE EFFECT OF CERTAIN SYSIPATHOLYTIC AGENTS ON THE 
CORONARY BLOOD FLOW OF THE DOG 

George V Leroy, MD , L A Nalefski, MD (By Invitation), and 
Harold W Christy, MD (By Invitation), Chicago, III 

The effect of tetiaethylammonium biomide and Dibenamme on the coionan 
blood flow of dogs was investigated using a modified IMoiawitz cannula teclunque 
foi nieasiiiing the coionaij sinus outflow The conditions of admmistiation 
appioxiraated those used in oidmaiy clinical piactiee With tetiaethvlam 
momuni bioinide theie was no influence on the coionaiy sinus outflow wlnle tlie 
ding was being in 3 ected Aftei the intiavenoiis infusion was completed, a small 
inciease of the flow was iisiiallj^ obseived The diug had no effect on the 
eharacteiistic coronaiy vasodilatoi action ot adienalin Intiamusculai injection 
of tetraethj lammoniiim biomide had no detectable influence on the coionan 
blood flow ovei a period of seveial horns When Dibenamme was given bv 
venoclj’^sis, no change was seen m the coionaij' flow dining, oi foi seveial hoins 
aftei, admmistiation With the doses used the peripheial vasopiessoi action 
of adienalin was eithei leveised oi nullified The typical coionaiy vasodilatoi 
action of adrenalin was not affected by Dibenamme In dogs that had leceneu 
Dibenamme, stimulation of the peiipheial ends of the cut vagi lesulted in a 
modified i espouse It is appaient that the action of these symipatholytic agents 
on the coionaiy blood flow is distinctly diffeient fiom then action on the blood 
flow m the estiemities Smce these animals weie all noimotensive it was not 
suipnsmg to find that theie was only a moderate deciease in sj stohc blood 
piessuie dm mg the admmistiation of tetiaethylammonium biomide aiidDibeim 
mine The fact that these sympatholj'tie agents which aie capable of maikedlv 
mci easing the blood flow of the limbs did not altei the coionaiv blood now is 
of clinical mteiest 


58 DIBENAMINE 

Maurice Hardgrove, MD , and Daniel J Mendelson, MD (By Invh'^t®'') 

Milwvukee, Wis 

A study was made of the effect of Dibenamme (dibenzyl beta cHometl^i^^ 
amine) on blood piessuie and the peiipheial aiteiial system Toxic e ju 
noted The drug is a teitiaiy amine and is sj'mpatholytic and adie 
action , 

Dibenamme was given mtiavenoiisly to six patients Five 
had essential hypei tension and one had iioinial blood piessuie o ipjijena 
tuies weie deteimmed on foui of the patients aftei the adnunistiation 
mme The fiist patient studied leeeued a dose of 2 5 mg pei M ogi 
othei five leceived a dosage of 4 0 mg pei kilogiam 

Dibenamme caused a maiked oithostatic hypotension tempei“ 

twenty-foui houis m aU slx patients It also caused a rise m ® ggeuned 
tuie of the loivei extiemities The maximum rise in to 

ivithm tliiee to five houis aftei giving the drug and ^tisted loi 
foity-nme houis The vasodilatoi effect upon the skin lasted ° j Yomituig 
effect upon the blood piessuie Toxie leactions consisted ot i 

m one case and thiombophlebitis m anothei Marked g 

occuiied m all patients on assuming the standing position i >,^ 3^1 

disappeaied upon leclmmg Contraction oi the pupils of the mouth 

congestion oceuiied m five, and two patients complained of dijn 
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59 THU EFFECTS OF DIH\ DROEK&OCORNINE ON THE 
PERIPHER IL CIRCULATION IN HAN 

Dimel IV IIyyes, jSID (By Inyitytiom) Kiiilii L 1\ ykim JID PhD, 
BiyvrdT Horton, JID, ynu C.uSTAYLi. \ Peters AID (By Inyitytion) 

ROCHEblEH, JIiNN 

effects of the intiaYenoiis adimiiistiation of diln dioeioocoinme (DHO 
on,i .^“^hotONic alkaloid on skm tcmptntiuos blood pitssuie lieait latc 
nf blood floYY Y\eic studied in twentY liinmii \oliinteeis The action 

lip ^ cliietl} SYinpathoi^tic and theicfoie the ding is consideied to 

admniisteied to sin patients In intiaYcnous infusion in 
pai.pp dihYdioeigocoinine pel 100 e e of phYsiologic 

tnfpi “''<5 to foniteen patients tij a singU intia\ciious injection The 

Hnivt Yaned fiom 0 25 to 0 4 ni„ Coiitiol Yaliics toi skin tempeiatuies, 
heart late, and blood flow weic dcttrmined before the diu" 
TiPniSi"™’ obserYdtions were aoiin letoulcd at le^ulai interYals for a 

tenon aieraging siNtj Syc minutes aftei administiution of the dru„ The blood 
Tipnpr***^ deteiiiinied bj means of a venous occlusion jilctliY sinograph with a com 
lippn, spirometei reeordei Skin temiieiatuies weio recoided bj means of 
ilp|»m^“"^ 1 ‘0 the skm oyci the foieliead oyci the light and left 

' Jt ™useles, and oYcr the light and left ipiadiKeps fimoiis muscles 
Hnnri produced an OYei all aYeia„c lucieaso in peiiplieial 

PTtrpn!,*" niiper i\tiemities and 6S pel cent m the loYvei 

111 tkn"”i^ nineteen of twentj cases In sjute of the increase m blood floYV 
tlipm ®'^tremities the skm tempeiatiues weie slighth decieased even duimg 

toe miamial mot ease m blood flow 

tinn pf a pressuie feU m the two liYpeitensive patients aftei administia 
in ntip tlihydroergocoinme The decicasc of svstolic piessme was 58 mm Hg 
Hu m 30 mm Hg m the otliei while the diastolic pressure fell 18 mm 

Yia« r, rormer and 10 mm Hg m the lattei In uormotcnsive subjects there 
Yias no sipificant change m blood piessure 

hppfp^ decreased in cveij ease with an aveiage leduction of 13 

uedia per minute 

leactions ^\eie moie fitquent than had been leported other in 
111 " nn louver dosage Nasal coUcestion nausea licadache flush 

o) uigency for uiinatioii and -vomiting -vvcie the side reactions observed 


60 RELATION OF TOBACCO SMOKING TO DISE iSES OF THE 
respiratory AND CIRCULATOR! SYSTEJIS 

^ A JtiLLS JID, YND JIVRJORIE JIlLLS POHTER JID (Bv INVITATION) 
Cincinnati Ohio 

liousp't satisfactorv pictiiie of notmal smoking habits we made a 

a ^erh 1 survey in ever\ census tract of tlie citj of Columbus, Ohio, -with 
of Questionnaire on indu idual smol mg h ibits of persons ovei 20 y ears 
1,000 persons of each sex and coloi were interviewed and the 
and sb gioups and citv distiicts (suburban intermediate 

smokin^V N details of this sinvev will serve as a useful basis of normal 
Th*’ futuie studies when thev aic published lu detail 

ui CiiiG*^ smoking habits of pei-sons dving of buccal and lespiraton tract cancer 
and "Detroit weie compared with those of the Columbus controls 

e louovvuio differences noted (1) The incidence of cigar and pipe smok 
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mg was veiy significantly higliei among both the buccal and the lespiiaton 
tract male cancel victims than among men of coriesponding ages m Columbus, 
while the incidence of nonsmokeis was significantly lowei than among the proper 
Columbus controls Cigarette smoking meidenee did not diffei signifieauth 
from the Columbus standaid foi either these male or female cancer Mctims 

With individuals siifteimg liom piilmonaiy tuberculosis in Dunham Eos 
pital (Cincinnati), the pipe and cigai smolang habits of men were tound to be 
similar to those of the proper Columbus controls, but the incidence of cigarette 
smokmg was significant! j liigliei than normal among both male and female 
patients Studies on smoking habits of pneumonia victims are not vet fai 
enough along to report 

Although tobacco smoking has been strongly indicted in vaiious diseases of 
the ciiculatoiy system, adequate detailed and convincing proof has been lacking 
up to now To supply proof which could be quantitatively essajed on a matlie 
matical basis, we mailed questionnaires on tobacco smoking habits to the next of 
kin or informant named on death certificates of all white persons dying m 
Cincinnati from eoionaiy heart disease diiinig the txvo jeais 1946 and 194( 
From the letuiired questionnaires the following findings were obtamed (1) 
all nliite victims under 40 years of age xveie cigarette smokers, (2) the Iieavi 
piepondeianee of cigarette smokers gradually decreased to near the expected 
normal by the age of 70 years, but by then pipe and cigar smolnng was signin 
cantlv above normal, (3) at all ages the percentage of nonsmokeis vas len 
significantly beloxv that found among appropriate Columbus controls 

This survey is being e\tended to include peptic ulcer and ceitaiii other 
states in which nicotine effects on the autonomic ganglion ceUs might plaj a loie 

It does seem clear that cigar and pipe smoking is significantly related to 
cancel of the an passages and lungs, xvhile cigarette smokmg is signineaii j 
related to infectious diseases of the respiratory tract Cigarette smoking beo 
65 X ears of age and pipe or cigar smoking aboxe that age are significantly le a 
to fatal attacks of coronary heart disease 


61 FACTOES INFLUENCING THE T WAVE OP THE ELECTRO 
CAEDIOGEAM, AN EXPEEIMENTAL STUDY EMPLOYIhO 
INTRACAVITAEY AND EPICAEDIAL LEADS 

I Effects of Heating xnd Cooling of Subepicardial xnd 
SUBENDOC XRDIAL L XMIN X 

Heriixn K Hellerstein, j\I D , and Irving M Liebow, MD , Clfvel\''’d, 0 
(Introduced b\ Hvrold Feil, MD ) 

Only recently has the question been raised as to the of the 

zation and lepolaiization of the subendocardial lamina to tlie ° ],,is 

electiocaidiogiam The employment of intiacardiac catheter e jIip 

facilitated the study of the electrical uifluence of the otelectiRjl 

present study this technique xvas employed to investigate the gene sub 

events established by changes in the rate and direction of hertmg 

epical dial and subendocardial lamina These changes w'cie 
and cooling the epicardmm and the endocaidiuni Intia- chaiiga'k' 

(epicaidial) e\ploinig unipolar electrodes xveic used The me gpicaidnini 
the temperature of the subendocardial surface relative to ^ through u' 

consisted of intiodueing physiologic saline at various temper ^,i,jnges "cre 
dwelling intiaeaxitarj catheter electrodes Epicardial then 
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produced b> local application of cold and hot sahnc soaked pads and lee cubes 
of vanous sizes The eftects iveie immediate with rapid letoien occurung m 
tea seconds to too minutes 

Negatne T naves oceuiied where the c\plormg electrode immediately sub 
tended arc TS which had lelatnelj ox absoluteh letaided lepolaiizition positive 
T waves occuned nliero the e\plormg elcctiode faced areas ivhich had lelativelj 
or absolutelv accelerated rcpolanzation 

It was found that negative T waves occurred 

A In the cavity (1) when the cndocaidiiim was cooled (2) when the 
endocardium was not altered, but the cpicaidium was heated 

B On the epicardium (1) when the epicaidium immediatelv under the 
electrode was cooled, (2) when the endoeaidium subjacent to the epicardial 
exploring electrode was heated (3) when the cndoiardium of the opposite wall 
was cooled 

Positive T waves occuned 

A In the cavitj (1) when the endocardium was licated, (2) when the 
tpieardium was cooled 

B On the opieaidmm (1) when the subjacent cpiciidium was heated, 
(2) when the subjacent endocardium was cooled 

Direct evidence has been obtained that changes m the electrical state of 
the subendoeardial muscular lamina modifv the form of tlie electioeardiogiam 
Clianges in the T wave can be pioduccd bv changing the late and order of 
endocardial epical dial laminar rcpolanzation 

Ihe relation of our results to the modem eonccjit of ultered rcpolanzation 
'll an evtensive conducting medium is discussed The spatial i elation of the 
evplormg electrode to a theoietical surface at the juuclion of the normal and 
alteied areas is used to account adeijuatelv for the findings 
The practical value of these observations is discussed 
The present results confirm and evtend pievious observations on the con 
tnbution of the subendocardial mjocardium to the clcctrocaidiogiam 


® V DIRECT WRITING OSSILOGRAPII FOR RECORDING DATA 
OBTAINED BY THE METHOD OF CARDIAC 
CATHETERIZATION 

lioiTlV Scott, MD, vvd Henrv A Zimviervivn MD (Bv Invitition) 
CnEVEUvNO Ohio 

IVith the cooperatiou of the Brush Development Company of Cleveland 
we have adapted their direct writing six channel Ossilograph foi recording 
s'wmtaiieouslj such data as the electioeardiogiam femoral arterial pressure 
'Otracardiae or pulmonarj arterial picssure the respiratorj ejele tune m sec 
and the BaUistotardiogram By using stiain amplifiers, pressure transmit 
'“W, and strain gauges we have found that this system recoids accuratclv van 
auoiis in blood pressure as checked with the Hamilton manometer Furthermore 
j system has certain adv antages such as linearity of range scale, mobility , and 
an-ect vusualuation of phenomena bemg iccorded and it is simple to calibrate 
1 recorded by the Ossilogiaph and dciived from obseivitions on patients 
n n heail disease are presented in s senes of lantern slides 
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63 A COMPAEATIVE EVALUATION OP EXTEEMITY AND 
PEECOEDIAL LEADS IN THE DIAGNOSIS OP ACUTE 
AIYOCAEDIAL INPAECTION 

Irwtn E Callen, M D , and Jack W Pischer, M D , Chicago, III 
(Introduced b\ Edmund P Polfi, MD ) 

Theie has been a gieat deal of eontioveis^ conccining the lelatne nieiiE 
ot standaid leads I, II, and III veisns extiemity potentials aVn, aVi, and aVi 
In addition the decision wfiethei to use a piecoidial position with CP, CR, or 
V as the indiffeieiit electrode has not been decided Oui pin pose was to evaluate 
and eompaie these leads m lecent acute ni^oeaidial infaictioii 

Pifty patients weie studied, of whom tuentj-five iieie shoMii bv seiial 
electioeaidiogiaphic, clinical, and aiitopsj’^ data to have had an acute npocaidial 
infaiction Of these twenty-fiie patients, seven shoved equal diagnostic findiugs 
in standaid leads, extieinitt potential leads, and pieeoidial leads Six had 
anteiioi immlveinent and one posteiioi Theie weie five in vhoni the piecoidial 
leads showed the most significant findings The extiemitv leads I, II, aud D 
and rYh, aVi,, and aVp weie not noimal hut showed no acute invoh enieiit as 
manifested bj S-T segment elevation oi T-wave imeision In five the extiemi ) 
potentials aVn, uYl, and aYr weie moie helpful in making a diagnosis than v ere 
the standaid leads In these the piecoidial leads veie veiy useful also foil 
patients with posteiioi infaietions showed the best changes in the 
leads, piecoidial leads not being of much aid Poiii otheis with posterioi 
voh ement weie definitelv aided by piecoidial leads 

The second studv conceining the use of the left foot, the 
cential teiminal as the indiffeient electiode position did not leveai sig 
diffeienees The xoltages weie not the same, but foi clinical fo 

closeh lesembled one anothei that we felt one mdifteient electiode po 
be as useful as anothei When an S-T segment was elevated oi a | 

inverted oi a deep Q wav^e in esent in CP 4 , foi example, it was sinu ai 1 

in CE^ and V^ , icniostic 

In conclusion the extieniity potentials uVr, uYl, ^ sw'iufi*^^'''* 

changes moie fiequentW than the standaid leads I, II, and ID " dn, 

clinical differences w’eie seen between CP, CE, 01 Y piecoitia 
diagnosis of acute myoeaidial infaiction 

64 THE ELECTEOCAEDIOGEAPHIC EESPONSB TO THE 
ANOXEMIA TEST IN PATIENTS WITH 
HYPEETHYHOIDISM 

w TIeetov, HD 

Irwun E Callen, MD (By Invitvtion), and Egbert w 

Chicago, III 

Obseivations of an anoxemia test that had b^n noinial o'j 

talnng thvioicl extract levealed a positive test The ^^itli thniia 

discontinuing tlnioid This led to the stucH ot u, at tlie s' miha"'-' 

hvpeithyioidism All nine patients weie selected caieiiu ^ "DC a'' 

wmie of leceiit duiation, the basal metabolic rates ‘ jauiation ic"’"' 

30 pel cent, the age was undei 40 veal's, and lepea e 
no evidence of eaidiac disease , .ulmduals "ho^e Ha 

It was then piesunied that v\e weie dealing wit 1 1 pt ha'C had 
weie noimal except foi aiw influence the In pei tliyi is 
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In all nine patients posituc tests \\cic obseivctl TIil S T segments became 
depressed below 1 mm and T w'i\o iincisioii especmlh m Leads I II, GP^ and 
V Here seen As tbe hjpeith>ioidism was contiollcd bv medical management 
propUtbioin icil oi siugeii, the response to the anovemia test was not as 
dramatic Fuitliei studies are ni piogicss at this time 

Tins test with the pioduetion of anoxemia Ins shown objectuch the 
damagiUo effect of the hjpoith;)ro}disni implication one might inticipate 
that patients with noiiinl tliMoid glands takiiu tlnioid extract foi piuposes 
of reduction would show similai chingcs 


65 ELLCTROCARDIOGfi VPHXC CHVNt.Ls FOLLOW I\G MEALS 
IN PATIENTS WMTIf A\GI\ V PL( TORIS 

Behn\rd BrnMVN, MD, CixcrxsvTr Ohio 
(Introduced uv Toiinson Mttiimp MD) 

Standard muvod meals, consisting of 90 grinis carbolndiate 40 giams 
protein and 40 gxams fat were guen to tlnrt\ two patients with ai^ina pectons 
Electrocardiograms wcic taken on all patunts bofoio mtals and thiit\ minutes 
toliowing the moal In some cases clcctrocaidiogiams were also taken slxt^ 
Minutes and nmet) minutes following meals Waini food and waiin liiiuids 
’'tore used m each meal In appioxmntoh 25 per rent of tJie patients there 
occurred a to nini dcpicssion oi the s T segment and deielopmeiit of or 
in existing concaMt> of the ST segment In pstients showing thts 
® f change following meals lopcat clcetioeaidio,,rams sliowed these findings to 
DC consistent Fourteen iioinnl contioh in the same age gioup exhibited no 
similar cliangc 

The effect of mculs on tlic eleetiocai'diogiam in these normal controls was 
imuar to that rcpoited br Simonson Vlcxandci Ilenschel and ICe>s in normal 
moividuals These changes consisted of the following a significant incieasc 
ja heart rate, dccicase in Q T intciral dcciease in amplitude of the T ware 
ncroase in QRS amplitude and shift of the olcttrical axis tow aid the left Tlie 
patients with angina pectoris exhibited these changes also 

The electiocardiogiam changes induced br tlic ingestion of food in the 
uginal patient suggests the possibihtr of cmplovnig tins or similar methods 
San additional aid in detecting coroinn insufeiencr 


66 GIRCUL VTION TIMES FOR ANMOC IRDIOGRAPHT 
George C Sutton, II D GeorgfE AVewf JID Hikri B Grint MD vnd 

EdH VBD Cr WlRNTCK, M D ChIC IGO, In, 

(iNTRODucfD m Don C Sutton MD) 

<lia„iioslic justifiCTtion foi the pufoimdiiee of an„ioeaicIiograpli 3 
I, depends upon obtaining a satisfaclon ievoangiocaidiogram Tins 

of to do Mlieii usiHo the metliod of Robb and Steinbet" because 

'"•ultj in dcteimiiuiig in adiaiiec wlicn the contrast media ■svill fill the 
to “’“I aoitn Piciious nictiiods of dcteimining ciiculation times prior 

lj,‘“''’‘“‘tTrdio„rapli 3 Iitm, not been totally satisfaeton Bspennients in ciicu 
not ? eonduuled bj om gioiip eonfiiiiied tlio nork of others who had 
eil that increasing the soliinie injected dtcieascd the eiieulation time In a 
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group of twenty adults, none of whom had valvular caidiac lesions, increasing 
the volume of saline diluent fiom 5 to 50 ml decieased the ethei aim to pul 
monaiy capillaiy ciiculation time by a mean of 1 3 seconds A similai increase 
in volume decieased the sodium cyanide aim to eaiotid sinus eneulation time 
bv a mean of 6 3 seconds The increased volume of mateiial lapidlj injected 
into the aim vein aeceleiated the circulation tune to the light heait and 
thiougli the lungs and left heait as well Angiocaidiogiains timed on the basis 
of ciiculation times deteimined by the use of quantities of mateiial equal to the 
eontiast media used (50 ml in tins series), and injected in a manner identical 
to the media, produced satisfactory levoangiocaidiogiams 


67 A COhlPAEATIVE STUDY OP PEEIPHBEAL AND DIEECT 
INTEACAEDIAC ANGIOCAEDIOGEAPHY 


George 0 Sutton, M D , George E Wendel, M D , and 
Harry E Grant, M D , Chicago, III 

( Introduced by Don C Si'tton, M D ) 

Two methods aie available foi the peifoinianee of angiocaidiogiapb} 
The first method, utilizing the injection of the contrast media into ^ ^ 

aim vein, fails to provide satisfactory visualization in a numbei o P 
This oecuis most fieciuently in adults who possess thick, 
walls 01 dense mediastinal oi lung lesions which lessen the contias o 
filled stiuctuies Diiect intiaeaidiac injection of the eontiast , , jjjg 

of a catheter intiodueed into the jugular vein m the -nro 

light auricle is the second method A comparative study or 
ceduies has been made hj^ the group woiking in Preble Laboiatoiy 


68 THE APPEAEANCE OP NOEMOBLASTS IN THE 
PEEIPHEEAL BLOOD IN PATIENTS WITH 
PULMONAEY EMBOLISM 

jM C P LiNDERT, ]M D , AND Howlyrd L Correll, D , Mh " VLKEE, 

(Introduced by hlAURiCE H yrdgrove, MD ) 

1 f the peiiph^rai 

Greater attention is being directed toward the studj changes, 

blood in cardiac failure and associated conditions The 6*^^ ^ References 

mcludmg the cellular elements, have been observed and ^®P , infiequ*^'^^ 

to the cpialitative changes of the cellular elements ^ ^Peial blood 
Duimg the past two years we have carefully studied the 1 .jgjj ■\Ve 
all cases of pulmonary embolism that have come to oui jesultant right 
lepoitmg SIX eases of pulmonary embolism or thioinbosis, v' gjicam 

heart failuie and the appearance of noimoblasts in the per I findings o* 

Other less noteworthy ciualitative changes were obseiveu, s yhicli 

leticulocvdes and polj chiomasia All cases were ^^itop > o 

showed extramedullar V hematopoiesis The explanation jj,e ni(^ 

noimoblasts is not known Acute severe anoxia woii sudden 

plausible etiologie factor However, the anoxia piodiic ^eiipharal b ‘0 

changes has not been reported to release noimoblasts o gf 

In view of this, it is ±elt that other factors must p , jiemo])sis 
additional factors postulated include tissue destruction 

(To be concluded «u Hie December t** ) 
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VII SIei \nouc ‘iTUEirhi o\ Pui pifs ^►lked W itii I \i FiiuLbiONS 

GeoroeV JIann, II D , Robert P IiFvfk Pul) DonudII W atmn AID 
Ricit\RDL Sm\thf, A B , Dsii iiiwEs l)!u PhD \oinuN 
/imoHECK, AID VND Fredrick J Stiff AID 
Boktos AIcss 

T he preinntion of fat eimilMoii!. iiitli hipli < iloiic (oncentiations for 
parenteral supplementition oi replacement nt oril feeding has been stud 
led intermittently lij niious woilcers for o\<r htt\ ceais ’ ' Repoits ha\e m 
tlicated varying eonehisions as to the pnctKabiliti ot piepitmg an emulsion 
of fat that cm be giien intraicnoush foi nutiitional pin poses AA'ork done 
m this laboratory over the past si\ jeais his shoiui that fat emulsions suit 
able foi mtraienous admiinsti ation cm he piejiaied ami that the ealoiies m 
such preparations me available foi eneigv ie<|iurimtnts when the emulsions 
ate given intravenously 

The t\penments dcsoiibed in this papei vuie undertaken in an effort 
to study the effect of inti a\ eiions fat emulsions upon gi ow th nitrogen bsl 
once, and selected biochemical and hcmatologie functions Two litters of 
puppies were used to determine (1) vvhethei voung and lapidlj growing 
animals, with a consequently high cnlonc leqniiomeiit can utilise an emulsion 
of fat given intravenously (2) vvhethei daily mfusion in large amounts (1 5 to 
WO Gm of fat per kilogiam of bodv weight) of the emulsion now used in 
this laLoratory” willlead to eithei histologic hematologic or metabolie injurv 


experimentvd 


The puppies uere hou ed in an air conditioned room in indmdual metabolism euges 
permitlmg accurate collection of urine and fetea Tho\ w rr uciglied daily Nitrogen bal 
studies were conducted on a tliree-da) interval schema The animals ut-re maintained 
throe da)8 on a neu regime and the nitrogen intake and output were then meisured for eacli 
of throe consecutive dajs and the balances ncre computed for each dog Nitrogen deter 
oiinations on diet and excreta were done by the macro Ivjeldahl method 

Hematologic studies were done on Wood collected in a dr) springe from a foreleg vein 
oai transferred to a tube containing balanced oxahte Hemoglobin deterniinitions were done 
oy a direct photometric method o During infusion periods blood wa'^ drawn for hematologic 
chemical studies just before the start of an infusion this was usual)) twentj four hours 
after the last infusion 


menia^A‘?'S, Department of Nutrition Harvard School of Public Health and the Depart 
“ Bloloirical Chemistry and Lcffal Medicine Harvard Medical School 
PuBii ii' D waa supported In part bj grants In aid from the Wllllama and A^att^rman 
Corporation New \ork N 1 the NaUonal Daio Council .Chicago 211 the 
Kalamazoo Mich the Nutrition Foundation Inc New York N Y and the 
-inuank iiemorfal Fund New \ork 


the Nutrition Foundation Inc 

New \ork N 1 

for publication Aug 17 2WS 
*^ul»lon No 35 composition In grams coconut oil 300 phosphatide fraction BF 30 
lose 35 water C34 for details of preparation see reference 5 
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Total berum protein and serum albumin were determined by tJie metliod of Hone, 
serum nonprotein nitrogen bj tlie nesslerization procedure of Kocli md McMeekin,s and 
serum bilirubin by the diazotization procedure of Malloy and Evelyn ^ feeruni totil md 
free cholesterol deteiminations were done by the method of Sihoenheimer and Sjern 

Bromsulfalem excretion was determined by the method preiiouslj described ilc 
Kibbinii and plasma prothrombin by the method of Link Plasma volumes were deter 
mined by the method of Hoppei and co workers^ and red blood cell fragility by the method of 
Mintrobei^ or Parpait Eecal lipids were determined as follows Collections of the tnenU 
four hour feces for each dog were mixed in a Waring blendor with the additions of 95 percent 
ethyl alcohol and concentrated hydrochloric acid until acid to Congo red An aliquot of the 
mixture was dried in vacuo and extracted with dry chloroform for twenty four hours m i 
Soxlilet extractor The chloroform was then removed in vacuo, the residual fat taken up in 
low boiling (40 to 60° C ) petroleum ether and filtered into tared beakers The ether was re 
moved and the chloroform extractable, petroleum ether soluble lipid determined by weighing 



Fig 1 — A photograph of the apparatus used for Infusion of anin 

Infusions of fat emulsion were carried out by placing the animal ^fter 

mal box in an upright position A foreleg was secured with adhesive infusion s<-l 

paring the area for injection, the needle (No 20 or No 22) attache seiurdf 

was inserted into a vein on the dorsum of the leg When the needle ha For no 

m place the infusion could run for several hours wathout discomfort to e con 

curate measurement of infusion rates we found it advantageous to use jj-stcni "'d^ 

sisting of a graduated cylinder as a reservoir, a Murphy drip bulb, an manom*''^' 

positive air pressure maintained by an attached blood pressure cutf an 
(Fig 1) _,„..nmTnbleI 


The composition of the various diets fed the puppies in these stud: 


shown 1 
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WET 1 

D1 1 

(0\1 '■f) 1 

p- 1 

(OXI 1 

(JUXl-S DOG \IL\I t 

(OM <^o) 

Liuuu (crude) 


10 

Protiti) 

-51 

Lircrevtnct Wilson’s 1-0 


2 

\ li 

SO 

tnlieuscr Jlusoli stram K 

to 

10 

1 ut 

00 

OaiJtcs Doj, Vfinl 

Q 

ra 

Pibtr 

2 0 

Pt'Uro'^ 

05 

0 

N 1- g 

19 0 

Salt inixfuri IV 

a 

0 

Moisturo 

7 - 


J niol CUtni I3rt -I 3 1341 
tManufocturor a analjal'j 


hxpcamcnt 1 — V littei of cioht Lnbiatloi utiicvci |)iippics icaicd in Ihi'? 
laboraton uib weaned at 6 weeLs ol a^c ami dunn^, two wed s were giadualh 
IransftriLtl to diet X)1 TJic animals wtit lid ad lii)ituin tlie dnih food in 
take w IS mcasiuxd, and nitiOoCn balaiitcs were dtleimincd at intervals 

Vftcr an nutiil tonti'ol peiiod foiu puppies (\os <10) OOG 907 and 909) 
Win. stilted on dailj infusions ol a 30 poi itnl lotonnt oil enuilsiou stabilized 
with a I pci CLiit phosphatide pitp n ition— 3 nuilsioii No la “ Two pups 
iVos. 904 auvl 908, wtit kept as contiol annnaK ind lul lation 1)1 ad libitum 
The initial inlusions weit gutn iapidi> at a i iti ol 2 to 4 ml pti minute 
iiwl led to two iiuiiiedutc to\ic leictions On flu Gist dav of infusions the 
'uniinis showed evidenct of vasomoloi eollijise with pnk mucoiLs membiaiies 
aiul sometimes with diowsincss ind dtfetation iJus uaetion occiuied iftci 
iio moie than 25 ml ot the emulsion had been civen Vftci hvt to ten imn 
tttes With the infusiona continuing at the initnl i ite the animals recovered 
The reiction did not wocciu on suceessut da>s 9 he second conipheatiou of 
iiiimednto nnpoitaneo was the occmience of vomiting ind auoie\ii Vomit 
''Iff appeiieel cither ns n result of inpid infusion oi iftei long continued in 
fusion at a slow ntc Since appetite is detci mined in put caloric letiuire 
meat the infusion of such a huge amount of fat (iO Om of fat per kilogram 
if bodj weight) to supply calories would bo expected to decieaso the onl 
intake of food to the point of seuous limitation of jirotcin vitamins and mm 
orals riiese limitations vvoiilel lu tuiii ag^iavatc the moiexn and if con 
turned for my time would ^^ive use to sciious deficiency complications When 
ttie lumtntioii of oral intake became appaient (after five to seven davs) the 
infusions weio stopped foi five days and the animals including the two con 
trol piipf), v\oro trnnsfcricd to a diet ol Games Dog Heal to allow them to re 
giui nutiitioiial eQUilibiiiini Infusions in the expciimental animals weie com 
luenced igim at a rate of J to 5 ml per minute but m a total quantity to sup 
only 1 5 Gm of fat pei kilogiam of body weight per day This was well 
tolerated After aix days the quantity of emulsion infused was iiicreosed to 
3 Qm of fut pel kilogram At this level of infusion giowth was good and the 
luiinals were m positive nitrogen balniico while receiving approximately 20 
per cent of their caloric requirement ns intrav enous fat Digs 2, 3 4, and 5 
show the data on oral food consumption, infusion of fat growth, hematologic 
data, and nitrogen balance obtained on these foui puppies The hematologic 
data reveal a moderate but significant fall m hemoglobin led blood cell count 
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and hematociit Similai blood changes haA'e been leporte ,j„eniia 

oratory by Colluis and co-Avoikeis It is of interest to note a ^ piesented 
piodueed is selt-lunited even though infusions continue ^ 

on Pup No 909 ui Fig 5 paiticulaily emphasizes this point ^ aht pe'‘ 

The puppies leceived 3 6ni of fat per kilogiam of body A'eio^ , 
foi SIN days and then the amount of infused fat ivas mciease ^ 
tat pel kilogiam At this higher level the lesults nell au'^ 

foim Puppies 905 (Fig 2), 906 (Fig 3), and 907 g wrew P*’"''*' 

lemained in positive nitiogen balance, but Puppy 909 (rio dais a” 

and Avas foi a time in negatwe mtiogen balance 
this infusion level of 5 Gm of fat pei kilogiam of bodj o 
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>le 3— Data obtained from Dog No 306 Experiment 1 — Infusion of 30 per cent fat emulsion 


ataiii gnen 10 Gm of fat per kilogiani pei da> and continued on this regime 
for an additional twenty four days with the object of determining the effect of 
'“ntmued laige infusions of fat At this extiemelj high level of fat infusion 
Ihe blood lipid level leinained high even twenty four horns after the last iii 
fusion indicating that the infusions weie surpassing the utilization and stoi 
ige rates Theie was occasional \omitiiig duiiiig or immediately aftci the 
uifusioiis Oral intake of food lemained csseiitnllj constant for the first two 
"eeks following this high level of fit md then progressnely diminished It 
"ill be noted that theie was a steady gam of weight with an increisingh 
Positiie iiitiogen balance, until the sea ciity fifth day of the experiment Aftei 






^pTfllP^gMTAt TiMB (&ATrt 

nt fst 

Fis 4 —Data obtained from Dog No 907 Experiment 1 — infusion of 30 per ce 

this time, the oial intake fell to inadequate levels, the ol 

and gaunt and died on the ninety-fiist experimental day Ov^i c 
the expeiiment, this animal had received 3,030 Gm of fat by vein 
minal use in blood values was piobably due to dehydiation the 

centiation The precise cause of this dog’s death is not °mpor 

anoiexia and inadequate intake of essential nutnents weie no c 
tant factois The loss of fat toleiance as indicated by piogiessn 
ity of toleiance curves may be of significance aintainetl on 

The two contiol pups (N'os 904 and 908) which had been and 

a diet of Gaines Dog Meal giew well, showed a noimal 
except foi occasional lespiiatoiy infections, appealed m goo 






DOC 300 



Fie u— Data obtained from Dog No 009 Experiment 1— infusion of 30 per cent fat emulsion 
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Pathology of Animals in Expeiiment 1 Table II indicates the lelationsliip 
of the infusions to the time of autopsy of this group of animals At post 
mortem the animals in Experiment 1 showed no gioss changes Microscopic e\ 
amination of stained sections revealed that the lungs of animals 905 and 907, 


Table II Summary op Pat Iviusions is Experiment 1 


DOG 

DA\S INFUSED 

TOTAL PAT INFUSED 
(GM) 

DA\ S AFTER LAST 
INFUSION ANIMAL 
SACRIFICED 

COMMENT 

904 

0 

0 


Control animal 

908 

0 

0 


Control animal 

907 

22 

647 

18 

Tolerance good 

906 

26 

1,225 

110 

Tolerance good 

905 

33 

1,466 

20 

Tolerance good 

909 

63 

3,030 

5 lir 

Animal dirf 


infused for thiity-thiee and twenty- two days lespectively, contained occasional 
accumulations of multmucleated giant cells These were giaded 1+ accoiding 
to the criteria pieviously outhned ® No gianuloniatous lesions iieie found 
Fat stains of the livei weie not remarkable The hone mairow showed a mod 
eiate degiee of hyperplasia The remaining oigans weie noimal Animal 909 
showed evidence of terminal pneumonia with peiibionchial infiltiation of m 
flaminatoiy cells, but neithei giauulomatous noi giant cell-containing lesions 
weie found The control animal (No 904) saciificed at this , time showed sum 
lai evidence of pulmonaiy infection suggesting a viral disease Infusion anima 
No 906 was not saciiflced until one hundred and ten days after the as m 
fusion The lemaining control pup (No 908) was saciificed at that time 
Neithei animal showed any evidence of histologic changes 

Expenment 2 — ^^Vlth the experience of the preceding study a 
peiiment vas designed to accomplish two puiTioses (1) to avoid the imn^^^^ 
ate toxic leactions and anorexia complicatmg the first expenment i 
Oudieious adjustment of the rate and amount of infusion and composim 
the diet, (2) to study seveial metabolic functions of the animals m oi^^ 
determine the effects of both the complete emulsion (Emulsion 
phosphatide emulsifiei BF2® alone . . jx gf i6 

A litter of eight mongrel puppies was placed on diet D2 ( u 
weeks of age The animal procedures and nitrogen collections weie 
as described for the pieceding expenment In addition to hema 
les, the following determinations Avere made at regular inter va mtro 

protein and albumin, serum total and free cholesterol, seium ^ plasma 

gen, plasma Amlume, bi omsulfaleiu clearance, serum biliiu m, 
piothiombm concentration ]j jach as 

The eight ammals Aveie divided into four groups of cent coco 

indicated in Table III Anim als I and II ivere infused ivith a ^gniul 

nut oil emulsion stabilized with 3 per cent of a phosphatide , ^gpiiatidc 
Sion 35) animals ni and VI, Avith an emulsion of 3 per ijut i' ere 

fraction BF2‘’ Avithout added fat, animals IV and V iveie ^t sencd 

pan -fed Avith animals I and II respectively Animals V a 
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as controls, neie not infused, nnd were fed diet D2 ad libitum The infusions 
uere gnen at a late of 3 to 5 ml pci mmiitc and animals I and II which le 
ceived the fat emulsion obtained a total of 2 Gm of fat per Icilogiam of bodj 
weight pel da> from this souice for the fiist two da\s 3 Gui of tat pei kilo 
gram for the nc\t &e\entecn days, and 5 Gm ot fat per kilogram foi the last 
tuelve days 


TiBIL III Si MMAR\ OF I \T IVH SlOVb IN EvPERIMBST 2 


1 





I 

I TIME UTER 





TOTAL 

1 TOTAI 

1 I-IST 

1 



IMLSION 

COCOMTOIL 

PJIOSPUO 

1 INFLSION 




TIMF 

INH SED 

1 UP1DBF2 

! S VCFIFICEI) 

HOG 

INFUSION 

ORAL 1001) 

(DUS) 

(OM ) 

(CM ) 

' (DUS) 

I 

30% fat emul 

Diet D2 ad libitum 

31 

1 <00 

1/1 

16 


Sion 






II 

30% fat emul 

Diet D2 ad libitum 

31 

1 ISO 

no 

16 


Sion 






III 

3% BF2 

Diet D2 ad hbitum 

31 

0 

106 

16 

VI 

3% BF2 

Diet D2 ad libitum 

31 

0 

142 

16 

IV 

0 

Fair fed uith Dog 

4 

302 

2 9- 

9 

V 

0 

P ur fed uith Dog 

n 

4 

-02 

-9- 

5 Ur 

MI 

0 

A<1 libitum control 

0 

0 

0 

0 

VIII 

0 

Vd libitum control 

0 

0 

0 

0 


The comse of this experiment is chaited in Figs G 7, 8 and 9 Fig 6 
presents the data obtained on animals I and II which were infused avith the 
30 per cent of fat emulsion The data emphasize again adjustment of appetite 
and oral food intake to maintain a constant total calorie intake These two 
puppies giew well if not better than the ad libitum fed control animals 
(animals Vll and VIII, Fig 9) although they obtained 25 to 30 pei cent of 
their total calories from intiavenous fat Fig 7 sliows the data on animals 
III and VT and it is seen that the phosphatide mateiial BF2 alone had little 
siny, effect upon appetite or grow th 

Nitiogeu assimilation was compaiable in the infused dogs with that of 
the control, uoninfused ammals In shaip contrast Dogs IV and V, pan fed 
^nth Dogs I and 11 were barely able to maintain then body weight and nitro 
gen equilibrium (Fig 8) They were, of comse receiving fewer calories to the 
extent of the caloiies furnished by the pai enteral fat to Puppies I and II The 
Srowth curves of each pair of animals in this expeiiment have been a\eiaged 
and are all presented foi compaiison m Fig 10 

Smee Puppies IV and V weie behind in giowth it was decided to give 
them large infusions of fat to see whether there would be a piompt gam. in 
eight Accordingly, ok the fifty second day of the experiment a senes of 
lour infusions of a 30 pei cent fat emulsion amounting to 10 Gm of fat per 
kilogram of body weight weie given Unfortunately this emulsion was pre 
pared by a different procedure and pioied to be unstable in vivo As Figs 8 
uad 11 indicate it was immediately toxic Because of the toxic reactions of 
tills poor batch of emulsion animals IV and V are excluded fiom the discus 
I’lon of post mortem changes 
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GROWTH CURVES OFPUPPIES 



Hematologic studies levealed a small but significant and 
of hemoglobin, hematociit, and led blood count duiing the fii^st two 
the infusion peiiod This change was of the same magnitude m t 
leceiving the phosphatide BF2 alone as in those leceiving ges of 

Seium biliiubin deteiminations duiing this peiiod did not levea cm 


inci eased blood destiuetion . ^ jggreascd 

Determinations of led blood cell fragility revealed seemed 

lesistance of the infused animals’ blood cells to hypotonic 'j, since 
to be caused by the phosphatide eniulsifiei lathei than by the a 
the effect was no gieatei in the dogs leceiving the coconut oi ^ 
in those leceiving only the phosphatide The mechanism ot 
not been estabhshed , fj,]g serum 

Neithei the seium piotein coneenti ation noi the total j Serum 

protein calculated fiom plasma volumes was significantly a 
albumin coneenti ation and total circulating serum albumin normal 

nifieantly changed The seium nonpiotein nitiogen lemaine 
limits 
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All luteiestmg and peilnps significant finding detected m the infused 
animals "was a striking mciease in the piopoition of fiee seiuiii cholesterol 
This mciease became significant ti\o "weelvS nftoi the stait of the infusions 
and it was moie maiked iii the amimls lecenmg only the phosphatide 
stabilizei One week after cessation of infusion the latio of fiee to total 
cholesterol had leturned to noinnl The seiuin eliolesteiol changes in Puppies 


CHOLESTEROL VARIATIONS 

IN DOGS 

AFTER INFUSION OF LIPIDS 



IV and. V which received foui infusions of a pool batch of emulsion begin 
•ling on the fifty second day of the expeiiuxent aie of mteiest A week aftei 
the last of these infusions the latio of fiee to total cholesterol had iisen from 
'i normal lange of 0 25 0 33, to 046 Theie was a small mciease of total 
f'Crum eholesteiol, and theie was a piompt mciease of biomsulfalem reten 
bon Pig 11 IS a graphic lepieseiitation of the cholesterol data 

E\eept in Dogs TV and V after the> had lecened the unstable and toxic 
emulsion, the hvei function, as deteiniiued by seinl biomsulfalem tests re 
Sealed no abuoimahty to eon elate with the seium eholesteiol Plasma pio 
Ihrombiu deteimmations at the close of the infusion peiiod were normal 
The possibility of an increased fecal excretion of fat bj the ammals le 
fat emulsions was consideied and hence twentj foui hoiii stool speci 
**iens Were analyzed for total lipids Table IV lilustiates the fecal Iipid ex 
t-fetion of the animals foi an aaeiage peiiod It is seen tliat fecal lipids are 
not increased during the infusion of fat Uimaii studies showed that the 
nnne contained insignificant amounts of lipids 
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Table IV Fecal Lipid Excretion During Fat Infusion in Experimem 2 


DOG 

INFUSION 

average 24 UOUR FECAL LIPID 
EXCRETION (on ) 

I 

Fat, 5 Gm /kg 

3 53 

II 

Fat, 5 Gm /kg 


III 

Phosphatide, 0 5 Gm /kg 

2 71 

VI 

Phosphatide, 0 5 Gm /kg 


IV 

0 

1 bo 

V 

0 


VII 

0 

4 06 

vni 

0 



Pathology of Animals in Expei iment 2 The animals in Expeiiment 2 were 
saeiificed foi post-nioitein study as indicated in Table III The gioss appeal 
aiiee of the oigans and tissues ivas noimal Table V indicates the oigaa 
weights at autopsy These weie not unusual except foi the spleens ot am 
inals III and VI which weie significantly enlaiged Sections of the tissues 
were pieseived in 10 pei cent foi malm foi histologic study and othei sec 
tions of the lungs, heait muscle, hvei, spleen, panel eas, and kidneys weieie 
moved and immediately f i ozen at -20° C and stoi ed at this temperature foi 
lipid analyses 


Table V Organ Weights op Animals in Experiment 2 at Autopsy 


DOG 

MATERIA! 

INFUSED 

INFUSION 

DURATION 

(DAYS) 

INTERVAL 

AFTER 

INFUSION 

BEFORE 

AUTOPSY 

(DAYS) 

LUNGS 

(GM) 

L 1 R 

HEART 
(GM ) 

LIVER 
(GM ) 

i 

Fat emulsion 

31 

16 

40 

65 

95 

530 

II 

Fat emulsion 

31 

16 

45 

65 

115 

560 

III 

Phosphatide 
fraction BP2 

31 

16 

18 

45 

65 

380 

WE 

Phosphatide 
fraction BF2 

31 

16 

42 

62 

100 

500 

VII 

VIII 

0 

0 

0 

0 

0 

0 

35 

37 

52 

54 

97 

78 

385 

371 



36 


42 37 



Microscopic examination of sections of the liuigs of no un 

showed them to be noimal Sections stained with sudan H the sec 

usual fat deposition Sections of heart muscle weie noimu as ' 
tions of aoita No intimal lipid deposits could be demonstiatec^ jjoimal 
and lymph nodes xveie not unusual and the adienals appeaie 

The spleens and liveis of all infused animals showed an KuP^'-''' 

ment which appeared as bi ovTiish-black granules in 

cells This pigment was more piomineiit in animals II aiu j^ggiviiig the 
received the phosphatide stabilizer alone than in the i^jonal sui ill 

emulsion of fat All the infused ammals weie found to or 

focal accumulations of mononucleai cells m the livei , t cse^^c ideated 
to ten cells negative foi lipid by sudan stain Theie weie u^^^ ^j^g 
giant cells Theie was no evidence of abnoimal fat eposi 
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The kiduejs weie found to be noimnl m all amnials The marro^v uiifor 
tanatel), was not suitably fi\cd for adequate study 

The histologic changes following the infusions ^vele thus of two t>peb — 
both minimal hist infused animals shoued in incio ise of pif^ment deposition 
ni the phagocjtic cells of the Iner and sinusoids of the spleen and second scat 
tered small round cell infilti ations weie found in the luei 

Ltpid Analysis of Otgans Prom immals in hspenment 2 The frozen 
tissues ucre thawed and two poitions of each oi gan weie dissected free of ad 
heient tissues One poitiou was weit,bed wet dned m an o\en at 105'^ C for 


Table VI lapia Contest and Distribution in tiu \ vknh h Oro \ns 4ftep Infusion 
(All values ej^pressed ns j,rams per cent of drj weight all ^ iiue'< are menus of duplicate 
(letcrmin vtions on tissues from two inimai i 


OEQAN 

INFUSION 

F\T EMULSION 
(30% COCONUT 
OIL) 

niOSf IIWIDE 
KUUTION 

CONTROLS 
(VO INtUSIOV) 

Liver 

Total hpid 

ns 

no 

13 3 


Total fattj acid 

7 09 

S0f> 

5 05 


Phospholipid 

9 14 

s :>9 

7 80 


Neutral fat 

-58 

341 

2 46 


Total cholesterol 

0 74 

10- 

0 4p 


Free cholesterol 

0 60 

osa 

0 30 


Kater cKoksterol 

0 08 

i> * 

0 15 

LUBg 

Total hpid 

li 1 

14 7 

174 


Total fatti acid 

7 73 

1 42 

9 45 


Phospholipid 

8 79 

9 04 

9 90 


Neutral fat 

3 01 

316 

4 02 


Total cholesterol 

2 02 

2 14 

185 


Free cholesterol 

2 01 

2 02 

185 


Fster cholesterol 

Fol 

0 12 

boo 

apleca 

Total lipid 

101 

6 70 



Total fatty acid 

4 17 

2 80 

4 45 


Phospholipid 

6 28 

3 58 



Neutral fat 

0 81 


1 14 


Total cholesterol 

1 50 

1 29 



Free cholesterol 

1 53 

1 29 

170 


fester cholesterol 

0 00 

0 00 


neart 

Total hpid 

no 

12 1 

18 5 


Total fatty acid 

7 95 

0 59 

11 1 


Phospholipid 

9 3S 

8 59 

9 20 


Neutral fat 

2 20 

180 



Total cholesterol 

Obi 

0 54 

0 55 


Free cholesterol 

0 52 

0 54 

0 45 


Ester cholesterol 

0 09 

0 00 

010 

hjiijicj 

Total hpid 

15 w 

J6b 

17 5 


Total fattj acid 

8 78 

8 18 

10 4 


Phospholipid 

11 1 

117 

12 7 


Neutral fat 

2 59 

1 50 



Total cholesterol 

12S 

1 7a 

1 55 


Free cholesterol 

US 

163 

1 50 


Ester cholesterol 

QUO 

0 1- 

0 05 

I’ao.crcas 

'total hpid 

136 

139 

15.- 


Total fatty acid 

6 46 

0 92 

8 85 


Phospholipid 

8 85 

4.58 

64 


Neutral fat 

3 75 

4.50 

5 40 


Total cholesterol 

0 90 

102 

110 


Free cholesterol 

0 87 

102 

1 05 



Ester choUsterol 

0 03 

0 00 

0 05 
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foitj’-eight liouis to a constant weight, and the percentage diy matter calcu 
lated Airother similar portion was weighed and ground wrtlr three times its 
weight of anhydrous sodiunr sulf.rte until a fine, puik powdei was obtained 
This material was aii-diied, tiansteiied fiiiantitatively to Soxhlet thimbles, 
and extracted twenty-foui Iroiiis with ledistilled, dry chloiofoiiii The ehloio 
form was removed and the residue diied in vacuo The lesidual hpids were 
taken up in low-boiling petroleum ether <irid filtered through fat free paper 
into a 100 ml \olunietiic flask The contents were then made to rolumervith 
ethei and ahquots taken lor giavimetiic deteimination of total lipids Ad 
ditional aliquots were taken for deteimination of total and free eholesteiol 
liy the Schoenheimei-Speiiy method'”, oi phospholipids and free fatty acids 
by the titnmetie method of Alan and Gildea'* , and foi deteimination of total 
lipid phosphorous using the method of Youngbeig'® The pei cent of total 
lipids present as neutral fat was then calculated by differ ence These data 
are summaii/ed in Table AT It is seen that the total lipid content of thesa 
organs examined tionr each animal wms not significantly dilieieiitin the tom 
intused aninials or in the noninfused animals The values obtained are siiiulai 
to those lepoited b} othei woikeis'® ±oi normal dogs and eoiifiira the his 
tologic evidence which lerealed no abnormal lipid deposits in the tissues 

The liveis of the four infused animals showed an increase of total choks 
teiol Orel the controls This increase is associated with an increase o e 
ratio between the free to total cholesterol components This w'as the o J 
tissue which showed an abnoiniality of cholesterol content The changes ueie 
of the tjpe already described in the plasma, the total cholesterol conten « 
increased w'lth a marked increase in the ratio of free to ester eholestero 
noted, the plasma cholesterol ratios had letuined to normal sixteen cavs a 
the last infusion 

DISCUSSION 

The data obtained in these studies give additional suppoit to^fi^ 
from this laboratory that a ptopeily prepared emulsion of tiiglyceu^ 
uiti avenously is utilized for eneigy i equn ements The use of htteis o 
ing puppies has proved to be a sensitive indicator of these caicful 

also been shown that proper selection of phosphatide * jjjfused la 

preparation will give a stable emulsion of fat which can read y 
amounts up to 5 Gm of fat per kilogram of body weight per 
amount of fat represents 20 to 30 per ceirt of the caloric tlje tis 

actively giowurg animal Alicioscopie and chemical ^(iiicb 

sues of infused animals revealed minimal cellular reaction nr 
is transient and after a few wrecks leaves no apparent anatomica g^j^jguce 

Although two of the puppies in Expeiniient 1 sliowmd A^heu 

of histologic changes which may be attributed to the these 

sacrificed two to three Aveeks after the teimmation of tie n^^ evidence 
changes were of questionable significance Ceitauily jpns of 

of iiieAeisible tissue damage as the result of eontinuec m 
amounts of emulsion 
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Aiiimal 90G was found to be fiee of lesions foui to file months latei and 
Dog 909 which had receiied oiei 3 kg of fat intrai enouslj in i peiiod of 
SLitythiee diys showed no histologic eiidenee of damage when examined 
at the end of the infusion period ruithcimoie histologic data corioborate 
metabolic data iiidieating that the infused fat was disposed of in an oideilj 
fashion and was appaientlj eoinciUd to eiieigv and growth lequiiements 
veil when as iiiiieli as 10 Giii of fat pci kilo^iani pei dav was infused theie 
i\as no e\idence that fat was deposited m the hvei oi othei organs to the 
aetriment of function at these sites Chemical aiiahsis levealed a distiirhanee 
of cholesteiol metabolism leading to an ineiease of lice cholesterol with a 
coiieoiiiitant reduction of estei cholesteiol in the plasma A similar change 
of the cholesteiol distiibution and content was found in the livers of all in 
use annuals sixteen days aftei the last uifusioii Tlieic w^as no evidence of 
excessive deposition of lipids in the hvei oi othci viseeial oigaus Livei 
imetioii tests did not indicate iiijuij to this oigan otliei than the dLstuibance 

0 c 0 esterol nietabolism A model ate anemia was coiisisteiitlv obseived in 
the infused animals hut it seemed to be self limited and impiov-ement was 

omp -ivith cessation of the infusions Since the 'iiieinia was of equal degree 
e animals leceivmg only the phosphatide stabihzci it appealed not to be 
ue irectly to the fat In nianj respects this anemia icsembled the anemia 

01 mfection 


th I appetite to the amount of infused fat suggests that 

e ora intake is determined iii pait by the total ealoiic requirement The 
^^reii eral use of fat emulsions of high caloric concentration allows a piomis 
approach to the pioblem of supplying adequate caloues in a small fluid 
e^^ume for andniduals who aic in caloiic deficit and unable to take sufficient 
niouth Howe\ei, if calorics piOMded by vein aie sufiScient to 
uce maikedly the appetite and hence oial intake one may soon encounter 
^ aggravate complications related to an inadequate intake of pioteui vita 
unless caic is taken to pie\ent the onset of such deficiencies 
the t ^ ohseivations that the immediate symptoms the anemia 

ransient luei lesions, and the distui bailees of cholesterol metabolism weie 
^ as well marked in the animals recciaiiig llie phospliatide stahilizei alone 
tie animals infused witli fat emulsions suggest that despite efforts to 
Purifj tlie phosphatide stabilizer this component of the emulsion 
piineipalh lesponsible foi ana undesirable effects tliat were pioduced 


'CHOU. puppies aveie used to assaj the contribution of an intia 

^ emulsion of 30 pei cent coconut oil to cneiga lequiiements 

^ J^^Sed by giowth and mtiogen balance giowing puppies aveie 
„„ jj utilize up to 30 pel cent of then total eneiga lequiiements supplied 

^ fat emulsion intraacnously 

nit data indicated no distuibance of plasma pioteins nonprotein 

01 Inei function duiing the infusions 

lafiise/^ noimocytic anemia deaeloped in the animals that weie 

regaidless of whcthei they weie infused ivith fat emulsion or just 
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the phosphatide stabilize! Tlie anemia ivas self -limited, lesponded favorably 
when the infusions weie stopped, and in many lespeets resembled the anemia 
of infection 

5 Histologic examination of the vaiious visceial oigans levealed no 
abnoimal lipid letention Occasional tiansient, focal collections of mononu 
cleai cells weie seen in the Inei foi a few weeks after the infusions 

6 Chemical lipid analysis leiealed no lipid letention but did indicate a 
distill bailee of eholesteiol metabolism, loth in the plasma dm mg infusion 
and 111 the liveis of infused animals 

We wish to express ipprcci ition to the following companies who have supplied us gen 
crouslj with \ irious ni itermls used in this research A«soci ited Coiicentmtes, Inc, Elmhurd, 
Long Island, N Y , The Upjohn Compinj, K il ima/oo, Mich , Merck and Companj, Inc, 
Rihwvy N J , Rese ircli ind Development Boird of General Foods Corp, Hoboken, N J, 
Wilson L ilionitorios, Clin, igo. 111 , ShetTicld F irms Co , Inc , New York, N Y , Corn In 
dustnes Rese ircli Found ition. New York, N Y , and Anheuser Busch Co , St Louis, Mo 
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THL ELEGTROPHOItbllC ANALYSIS Oh SERUM 
PROTEINS OP THE BLOOD DISCRASIAS 


Ra\ K Brown M D ,• John T Read M D , Bruce K Wiseman MD 
VXD Wesle\ G Prance Ph D 
Columbus, Ohio 

R eports ot the eleetiophoictic aiiahsis of seium pioteins in the seveial 
dii)ea.ses imolviiio tlie blood cells oi then pi€cui‘soi‘s aie uncommon in the 
medical hteiatiire In most mstancLs the data presented have been lecorded 
incidental to bioadei considciations of piotein analysis oi secondan to hema 
tolo„ic and histopathologic studies Numerous lejioits have been made of the 
serum piotein changes in multiple myeloma and eliaiacteiistie patterns have 
been recognized * ’ ^ ♦ However, none of these have consideied the effect on the 
serum proteins of a iecentl> suggested foim of chcmotheiapj In view of the 
close relationship of diseases of the reticuloendothelial svstem® and the piob 
able sites of foimation and altciation of the scrum iiroteins furthei iiuestiga 
tion of the serum protem aichitectuie of these lolated states appears indicated 
In the present stud} the changes occurring bv elcctrophoietic analjsis of the 
serum proteins in various types of leucemia peinicious anemia, infectious mono 
nucleosis, polycythemia vera, and icticulum cell sarcoma are anahzed 

The object of this stud> was to learn (1) whether theie is a pathognomonic 
serum piotem architecture in one or more of the disease states under considera 
tioii and (2) if there is any corielation between the qualitative and quantitative 
changes observed, the related histopathology and tlie simpler clinical laboratorj 
proceduies 

materials 

The patients used for tins studj were 'iduntted to tlie Uni>ersity Hospital between 
S«pt 1, 1946, and Dec 30, 1947 The diagnosis was established b> historj plijsical examinn 
tion, and blood and bone marrow studies using the supravital and standard W right s staining 
teehniquea Routine and indicated special laborato j piocedurcs including lymph node 
biopsy were accomplished in each instance 

The distribution of patients into diognostic categories was as follows chronic rojelocytic 
leucemia three, acute mjelocytio leucemia two chronic monocytic leucemia two acute 
Dionocjaic leucemia, four, chronic lymphocytic Icucetnia two, acute lymphocytic leucemia one 
®altiple mjeloma four reticulum cell sarcoma one pobcytliemia vera one, infectious mono 
nacleosia two pernicious anemia in relapse two The classification of patients and the acute- 
^ess or chromcity of a given case were determined bj the cellular niorphologj of the pcnplieral 
blood and bone marrow m addition to the duration of illness prior to hospitalization 

METHODS 

All the serum analyzed was collected under sterile precautions while the patients were 
in the fasting state, prior to transfusion ond all but sjmptomatic therapv The exception to 
this rule was the second sample taken from patients with ni}eloma who had been treated 

Starti^L''°T"’ ^be Departments of Medicine and Chemisto The Ohio State Universlt> and the 
^Miriine Loving University Hospital 

«welved for publlcaUon Auff 24 1P4S 
Electrophoretic analyses 
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with Stilbanudine After collection the scrum uiis rcfrigcrateil at -20 C and the analysis 
was made after an interval of three to twenty one da>3 had elap ed Aseptic teclmique "was 
employed up to the time the erum was dialyzed preparatory to electrophoresis 

The frozen samples were thawed and diluted from 7 volumes to 25 volumes with 010 
ionic strength barbiturate buffer at pH 8 6 The diluted serum was then dialyzed at a tcm 
perature of 1 C against eight to ten times its volume of buffer thrice changed during a 72 to 
168 hour period The dialyzed s.m)ple3 were then c\ammed in a standard Klott electrophoresis 
apparatus using Longsivorth 's technique ^ V 2 cc cell was employed for intervals up to 
*’^0 minutes at potential gradients of about 5 aoUs pei centimeter at thermostat temperatures 
of about 10 C Several photographic exposures of each, nm were made The conductivity 
readings for the descending mobilities were mado on the sample wlule those for the ascending 
mobihties were made on the buffer at 0 C 

Mobilities wore determined from three different plates and aieragal for each ascending 
and each descending boundary The'iO two figures were then averaged to give the figure re 
ported Concentrations were estimated by making enlargements from the photographic plates 
so that the new areas were from to forty times the areas on tlie plates The resulting 
areas were then traced with a planimetcr four times and the results averaged This proce 
dure was done once for each ascending and descending component Tlie values were then 
converted to per cent protein using iin ^ 00200/pcr cent for albumin and An = 00219/per 
cent for all globulins Unless otUerwaso indicated the results given are the aierage of the 
values from the ascending and descending boundaries 

RESULT'^ 

The data from the Uectiophoictic i)atteini> of the sera of the Naiious 
disease entities are set forth in Table I Two of tbe noimal anahses (leterniincd 
bj us are added as well as the noimal limits of mobilities approMinate lelatiie 
and absolute conoentiations of tbe various fi actions ‘ 

In tlie group of chronic louecmias lusted there is a qualitative deviation 
from noiTnal m the gamma globulin boundaiy wliicli migiated at a sloivei lato 
than would be anticipated noimallj This phenomenon was observed in all 
tipes of chionie leueemia and was piescnt in the sera from the patient with 
Polveythemia vera and the one with reticulum cell saicoma Generally the 
leucemio sera showed a decrease iii the approximate absolute eoiiccntiation of 
albumin The two cases of chronic monocjtic leucemia and one of tlie acute 
eases had normal albumin values The decrease in albumin in leucemia was 
suggested by Keilhack® using the Howe technique of sodium sulfate precipitation 
One of the patients with cliionie monocytic leucemia (3a) was seen early in the 
disease and at that time had a liioh normal albumin concentration As the 
disease progressed this value became maikcdlj lower 

The leueemic sera rather uuiformlj demonstrated a rise in the approximate 
absolute and relative concentration of alpha 1 and alpha 2 globulin The eases 
ef reticulum cell sarcoma and polyexthemia wcic sliglitlj elevated in this moietv 
These globulins were within noimal limits in the seia of the cases of peinicious 
anemia and infectious mononucleosis 

The Icucemie seia in „ciieial (except the thioiiio Ivmphatic) dcmoiustiatcd 
a rive of the approximate absolute and iclative concentiation of beta and „amm i 
olobulin The seia of the chronic Ij mpliocj tic leiicemias were lielow normal foi 
oamma glolmlm Both cases of infectious mononucleosis demonstrated a rise iii 
*be relative and absolute values for „aiiiina globulin Sera fiom the patient 



152fa 


BROWN, RLAD, WISEMAN, AND PR \NCE 


With leticulum cell saicoma showed a maiked use of gamma globulin both 
lelative and absolute, and noimal beta globulin The ease ot polycythemia pre 
sented low values toi beta and gamma globulin The eaily case ot cluonic 
monocytic leucemia and the acute monocytic leucemias demonstiate a lathei 
maiked inciease in the lelative gamma globulins The cases ot peiiiicious anemia 
weie within noimal limits foi the appio\imatc lelative and absolute values of 
beta and gamma globulin The total pioteui concentiation values of all sera 



Fie 1 


tiactionated weie not compaiablc with those detei mined by the 
methods, and in all but one sample the albumin-globulin latio was o^ 
computed on the basis ot the electiophoietic analysis These a 
ratios deteimined by electiophoiesis tall well below the accepted pijg of 

Eepiesentatn'e schlieien pattciiis aie shoivn in Fig 1 pio 

the patients with acute monocytic leucemia demonstiated a sma 
gamma globulin peak which we have not obseived m noimal 1, U is 

was seen in pievious analyses ot this tjpe ot seia (Fig 1, ^ a 

pattern fiom a patient with cluonic lymphocytic leucemia mono 

veiy low gamma globulin peak One pattern (Fig 1, C) fiom not 

cytic leucemia shows a notching of the alpha-2 peak which w'as p 
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as maiked m chionic myelocytic leueemia Fig 1, D is fiom a case of chiomc 
myelocytic leueemia and discloses an unusual abuoimality of the beta globulin 
spike 

The data liom seia of patients having a conhimed diagnosis ot multiple 
myeloma aie piesented in Table II The aichitectuie betoie tieatnient and m the 
untieated eases confiims the lepoit by Kekwich' that theie aie two types of 
abnoimal patterns in myeloma, a high beta globulin peak and a liigb gamma 
globulin peak Theie seems to be no obvious coiiclation that can be made le 
gaiding any quantitative oi qualitative changes in the peiipheial blood protein 
pattern aftei the administiation of Stilbamidine The values aie shown m 
Table II 

DISCUSSION 


In a study of the changes in mobility of the electiophoietic pattern of seuim 
following expel nneiital liuins, Peilmann and co-y\oikeis“ found a new boiuidaiy 
ivliich migiated at a slowei late than gamma globulin Seibeit’- noted a similar 
component in half of the tubeieulosis cases analyzed One analysis of a 
patient with acute Ijmiphocy tie leueemia lepoited by Longswoith and associates 
shows a tendency to slow mobility at the gamma globulin boundaiy Though oui 
cases of ehionie leucemias show'cd this tendency to sloiving, none of them dis 
played a sepaiation ot the peak into tivo paits 

The geneially loivcied absolute coueentiation of albuinm has been noted in 
vaiious pathologic states Leutschei,** in his leview’ of the subject of electio 
phoiesis points out the conmioii oceiuience of this tiend and hence it caiino 
be consideied as chaiacteiistic of the blood dysciasias This deviation roiu 
noinial has been pointed out by otliei authoi-s ® m both acute Ijmp oej i 
and my eloey tic leucemias 


The absolute concentrations of the alpha-1 and alpha-2 glo 
generally rncr eased over normal iir the leucemias of this study ^ 
stated that an inciease in the alpha globulin is the first change w 
place 111 acute injury or infection The fraction of alpha glob 
responsible for this increase w'as not designated However, it w'as pies 

^ The relative values 01 


chronic as y\ell as the acute leucemias of this senes 


L that the 


alp ha-1 and aIpha-2 globulin yveie similarly^ increased Choiv^^ has s m 
use of alpha globulin may be dependent on a fall of albumin, wit i of 

for the alpha globulin attained by^ increased protein intake an Pjgie 

the albumin fi action Hoyvevei, nr several of our cases (Table , > 
yveie elevated absolute alpha globulins, the albunuii fraction {Ijo 

normal limits Fuitheimoie, in one case of chronic lyniphocy dais 

administration of 50 Gm of serum albumin daily for a peiio 0 ^ alpha 1 
restored the albumin to normal levels and only slightly ^ ^jje gamma 
globulin However, the alpha-2 globulin appioxiinated noima^ chionm myd° 
globrdin content remained essentially'’ the same In one case 0 ,uth 

cytic leueemia, plaemg the patient on a high protein diet j.[je alph^* 

protein hydrolysates did not restore the albumin fraction jioii«‘'^ 

globulms appreciably even though all liver function studies we 
limits 
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A relative elevation of the gamma globulm is said to be a phenomena ob 
served in the chronic state of disease and injury " Oui data would tend to 
support this, though the abei ration was prominent in some acute eases and ab 
sent 111 a few of the chionie ones 

Both cases of chrome Ijmphocytie lenceniia piesent a low value for both 
relative and absolute gamma globulm Howell” noted that leucemic individuals 
do not lespond normally to infection or to mjected antigens Krebs'® noted 
dmimished value of gamma globulin in simple malnutiition One patient with 
chionie lymphocytic leueenua given a series of mjections intiavenously of ty 
phoid vaccine did not develop antibodies as shown by the Widal test which 
remained negative The administration of cvtiact of the adrenal cortev did not 
alter the antibody response oi the electrophoretic pattern Eepetition of tlus 
experiment after restitution of the albiimm fraction did not influence the gamma 
globulm Blood volume deteimmations*” piioi to and following the administra 
tion of cxtiact of the adrenal cortex demoustiated a modeiate increase and this 
factor was tal en into account in the lattei deteimuiation It is possible how 
evei that the pituitaiy adrenotrophie hormone may be involved in the gamma 
globulm component as Dougherty and White have pointed out m individuals 
with noimal ly raphoev tes 

In the eases of monocytic leueenua and reticulum cell saicoma, marked 
elevation of absolute and lelative gamma globulins is seen The explanation 
for this rise is obscure but may he i elated to the similaiity of the fundamental 
histopathologic defect m both entities, the leticulum cell and the monoblast 
being closely lelated in the polyphyletic tiec ‘ 

Both patients with infectious mononucleosis had elevated absolute and 
relative gamma globulin values and moderate dimuiution of the albumin frac 
twn The heteiophile antibody was strongly positive in both cases Although 
the etiology of this disease is unknown,’® much evidence has been submitted” 
demonstrating the widespread involvement of the leticulo endothelial system and 
other organ systems which could account for the deviation of the protem 
pattern from normal The cases of pernicious anemia m relapse both demon 
stated normal albunun values and uoimal globulm fractions As would be ex 
pected from the approximate relative oi absolute mciease of the various glohu 
hn fiaetions, the albumin globulin ratio was consistently decreased, often to 
subnormal levels and even less than 10 AU weie below the lange within which 
68 per cent of the normal cases should fall and most weie not within the limits 
which includes 94 5 per cent of normal subjects ’ 

lu Table HI tlieie is a comparison of the electrophoietic protein detei 
nnnations and the lesults of the clinical laboratory piocedures performed in 
the respective disegse entities The loutine laboratoiy protem determinations 
were not comparable to the total protem or A/O ratios as detei mmed electro 
phoretically The latter technique in most instances gave unifoimly lower 
latios than those obtained by the routine clinical laboiatory methods Nitske 
■md Cohen’* recently have demonstiated the inadequacy of the routine total 
protem determinations in cases of Hodgkin s disease and leueenua These 
authors utilizing a methyl alcohol fiactionatioii technique, deraoustrated lower 
albumin and elevated globulins by this method than by the usual clinical methods 
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The coiiektion of the changes in piotein aiclutectiue and the ^dllecl chmcal 
laboiatoiy piocednies aie paiticulaily difficult to evaluate as the pnraaiy dis 
ease piocess, and many secondaiy effects ot the disease may altei each deterinina 
tion The albumin-globulin latio oi total piotein deteiminatioii did not beai 
any consistent lelationship to the othei piocednies The basal metabolic late 
and the uiic acid deteiminations A\eie inoie consistently involved oi alteied m 
the leuceinic state Tliese two deteiminations have been lepeatedlj imestigated 
in this condition and aie assumed to be elevated by lucieased piotein catabolism 
and the bieakdowm of leucocytes The eephalin flocculation and thymol tur 
biclity tests w'eie maikedly elevated and the piotluombin time diminished when 
the excietoiy tests of li\ei function showed alteiation The thymol turbidity 
and eephalin flocculation tests in low titeis boie no constant relationship to 
an abnoimal A/G latio and then .ibeiiations may be explained in pait by the 
oeciiiience of abnoimal amounts of beta and gamma globulin ui the seia Cohen ® 
has demonstiated by cleetiophoietie studies the lelatioiiship between the thymol 
tiiibidity test and the beta globulins The eephalin flocculation test is also 
lepoitedby this authoi to be moie closeh paiallcl to inci eases of gammaglobulin 

The degiee of infiltiation of the bone niaiiow by leucemic cells was detei 
mined by peifoiming foui difteiential counts of 200 myeloid cells each and 
aveiaging the lesults By this gioss deteimination the degiee of infiltiation 
appealed to lefleet itself in a lowei A/G latio by the electiophoietic teelmique 
No eoiielation betw'een the small luimbeis of plasma cells in the bone mariou, 
lynniih nodes, oi autopsy specimens and the piotein aichitectiiie was noted 

Investigation of myeloma seium by electiophoiesis has been as thoiong 
as that ot any single disease, and its schlieien iiatteius can be as nearly pat iog 
nomonic as those seen in any'’ moibid state As stated, oiii results coufimi tiose 
111 the liteiatuie yvliich lefei to tyvo abnoimal ty'pes of iny'eloma patterns, one 
yvith a maiked luciease in the aiea of the beta globiihn (cases 1 and 3) an 
othei yvith the majoi piotein inciease in the gamma globulin fiaction (eas 
2 and 4) In treated patients, the one yvith the beta elevation prior to le 
ment shoyved an ineiease in this fraction tolloyving therapy In the gamma y^^ 
no consistent effect of Stilbamidine on the protein aiclutectiue yvas o se 
No significant changes yveie noted in tlie peiipheial blood oi hone maiiow 
could be ascribed to the theiapy' 


SUMMARY 

The electiophoietic patterns of vaiious blood dyseiasias aie 
leucemic states are associated yvith a diminution in the 
amount of albumin and a use in the absolute amount of globulm ^ 

globulin ratios fall beloyv the limits of normal m most js noted 

and alpha-2 globulin aie iiici eased in most instances and the values, 

yvith both normal and diminished total dlbiimin values Gamma g o ggP 

both absolute and relative, weie elevated in monocytic demon 

sarcoma, and infectious mononucleosis Chionic lymphocytic lowered 

strated low relative and absolute gamma globulin values A mai^^ l^^^g 
plbumin-globulm ratio appears related to the degiee of mfilti^i lo 
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nnirow b} leuccnuc cells as ^\ell as when the excietor^ and inetabohe functions 
of die U\ci dcmonstiate impaiiinent No alteiation in the seiinn piotein aichi 
tecturc was noted follounig Stilbamidnie thciapj 

TUo lutKors wish to oppress their apprcciiition to Dr Quentm Van Winkle Ph D , 
Department of Cliemistry, Ohio State University for Iiis assistance m tho preparation of the 
analytical data 

RM-EREVCES 

1 Kekwicli E V The Serum Proteins m Multiple Myelomatosis Biocliera J 34 1248, 
1940 

Gutman, A B , Moore, Dan H , Gutman E B McClellan V and Elabat E S Frac 
tionation of Scrum Proteins m Ilyperproteiueiinn Witii Special Eeferenco to Multi 
plo Myeloma J Clin. Investigation 20 7uj 1941 

3 Moore D 11 , Kabat E and Qutmnn V B Bence Jones Proteineraia m Multiple 

Myeloma, J Clim Investigation 22 G7 1943 

4 Sliapiro, S, Boss V and Moore D H V Viscous Protein Obtamed m Large Amount 

Prom tlio Serum of n Patient With Multiple Myeloma J Clin Investigation 22 
137 1943 

o Snapper I Tho Influence of Stilbanudinc and PentamuUno on the Course of Multiple 
Myeloma, J M A 133 257 1947 

0 Wide Vbraliam, and Dougherty, T P Influence of Pituitary Adrenotrophie Hormone 

on Lymiplioid Tissue Structure m Eehtion to Serum Proteins Proc Soc Exper Biol 
Med 66 20, 1944 

7 Longsworth L G Bocent Advances m tho Study of Proteins by Electrophoresis Chem 

Bev 30 323 1942 

8 Moore, D H and Lynn J Ekctrophorttic Mca<?urcmonts on Isornial Human Plasma 

J Biol Chem 141 S19 1941 

9 Keilhack, M The Protein Content of Normal and Pathological Human Bone Marrou 

Deutsches Vrch f klin Med 182 57 1938 

10 Dole V P Tlio Electrophoretic Patterns of Normal Plasma J Clin Investigation, 

„ _ 23 712 1944 

11 Perlmann, G E Glenn, W W L and Haufman D Changes in tlio Electrophoretic 

Pattern m Lymph and Serum in Eapcriniental Burn J Chn Investigation, 22 
02/ 1943 

1 Seibert, F B , and Nelson J M Electrophoresis of Scrum m Chronic Tuberculosis 
and other Chronic Diseases Vni Bov Tuberc 47 06 1943 
13 Longsworth L G Shedlovsky T and Maoinnes P A Electroplioretic Patterns of 
Normal and Patholocical Human Blood Serum and PI isma J Exper Med 70 399 
1939 

1^ Leutscher, J V Jr Biological and Medical \ppIicatiou3 of Electroplioresis Pliysiol 
Bev 27 G21 1947 

15 Shedlovsky, Tlicodoro and Scudder John Comparison of Erythrocyte Sedimentation 
Rato and Electrophoretic Patterns of Nonna! and Pathological Human Plasma 
J E.\per Med 75 119 1942 

■^0 Cliovv B F Tlie Correlation Between tho Vlbumm and Alpha Globulin Contents of 
_ Plasma J Clin Investigation, 26 883 1947 

Howell K M Tho Fuluro of Antibody Formation m Leukemia Vrcli Int Med 26 

^ <06 1920 

iiJebs E G Depression of Gamma Globulin in Hypoprotememia Due to Araluutntion, 

. J Lab Su Cun Mki> 31 85 1946 

iJ Qregarson M S, Gibson T J and Stead B A Plasma Volume Determinations Mitli 
n Dye T 1824, Am J Physiol 113 54 1935 

^ White Abraham and Dougherty T F The Pituitary Adrenotrophie Hormone Control 
of the Bate of Belease of Scnira Globulins From Lymphoid Tissue, Endocnnologv 
36 207, 1945 

1 Wiseman B K Tho Origin of tho White Blood Cells J A M ./L 103 1923 1934 
Julianelle L A Bierbaum, 0 S ind Moore C V Studies m Infectious Mononucleo 

^ «3 \nu Int Med 20 281 1944 

^ Read J t and Holwig F 0 Infectious Mouonucleosi<? Vrch Int Jfed 76 376 194o 
Nitske C A Jr and Cohen P P Serum Protein Changes in^Myelogenous and Lymph 
. otic Leukemias and Hodgkin s Di ease Blood 2 loi 1947 

iinWiidgt C M and Borer V Relationship Between Oivgen Consumption and 
„ Nitrogen Metabobsm H Leubenua Irch lot Med 51 o89 1933 
^ Vohen p p an(] Thompson Francis The Serum Protein Fraction Be ponsiblc for the 
Thymol Turbidity Test, Proc. Central Soc Clm Bescarcli, Vol 19, 1940 



ELECTEOLYTE PARTITION IN PATlENTa WITH EDEMA OP 

VARIOUS ORIGINS 


Qu vLifAnvE A\D Quantitative DuFiNifiON oi> Cviions and Antons in 
Cardiac Dfcoaipensaiion 

I’]ditu B Farnsw ortu, jM D , \nd Jacob S Krakusin, M S 

Chicago, III 

^\T in riiE Tlcumc vl Assist vncf oi Lora Bflle Hughes, B A , M T (ASCP) 


T he lole oL the kidneys in the pioduction ol edein.i has been exammecl by 
vanous gioups of investigatois’ ■' as methods foi the study of lenal physi 
oiogy have been developed Although agi cement has not been geneial eon 
eeining the sequence of events tianspinng in the kidneys duimg the acciimu 
lation in the tissues ot edema fluid, it is .it least conceded that such events 
do tianspiie and that salt and watei aie not simply diftusiiig acioss the 
lapillaiv membiaiie in icsponse to an elei'ation of hydiostatie piessuie, butaie 
being ineom])letely exeieted by the kidney This concept is by no means 
novel, and appeals in standaid tevts oi a decade oi two ago® Piuthei elaiifi 
cation, howeAci, has been delayed b^'' the difficulties, iiilieient in the study of 
leiial physiology in man, of establishing a allies foi fiitiation i ate sufficiently 
aeciuate to seiAc as a basis foi the calculation of leabsoibed substances The 


A olume of plasma Avoiked by the kidneys in a given peiiod of tune is so laige, 
and the defect lu salt and watei excietion capable of leading to edema is lela 
tively so small, that the significant ineiemeiit tends to he lost in the physi 
ologie Aquations of the inulm oi mannitol cleaiaiices as ive aie able to le 
teimine them at the bedside Thus, if the cleaiaiice of inuhn is found to vau 
only to the extent of plus oi minus 5 oi 10 c c pei minute, that laiige of eum^ 
01 physiologic Aaiiation, is so laige in i elation to the fecv cubic centimeteis 
Avatei 01 fiaetions of milliequivalents of sodium Avhich lepiesent the 
ehai aetei istic of eaidiac decompensation, that physiology desciibec 
teims must be accepted Avith leseives Even moie inaccessible to the 
inA'^estigatoi aie deteiminations capable of yielding conclusiA^e 
ceimng the factois goveiiiing diftusion and active leabsoiptioii in 
and distal tubules and the stimuli Avhich may modify these piocesses in c 
states 

Beaimg m mind these limitations, Ave have chosen to 
the aiteiations in uiine eleetiolytes eailiei lepoited m gioup stu les 
to sodium and chloncle The depiession of uiinaiy f ^ggiee of 

caidiac failuie appealed to be a constant finding implying a lug 
specific selective tubulai leabsoiption than has been geiieia 
Thiough a moie complete delineation of i elationslups, AVitli vai yiUo 

From the Depaitments of SledJCine and Cheimstij Noithwestern 
School wpilth Service 

This studj was aided bj a grant fiom the United States Public 
Recei\e(l for publication Julj 31 1048 
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loads it was oui puipost to define the \auition of clectiolyte patterns and 
fluid bihiice with sufficient iccunc> niul completeness ns to bung out chaiac 
teiistics tending townid a lecognition of possible causnl agents In adopting 
an appionch simil ii to th it of Gamble we weie able to n\ail oureehes of ac 
cejited d lU jiei taming to the noimal state 

■METHODS 

The tMO subjects selcctojl for tins ntudj were *<uffcrmg from rlieuinatic heart disei c 
ttitli con^cstuo failure F U u la a 30 jc ir old woniaiMuth mitral stenosis and msufficicncj 
who was liospituliztd in conj,03tuo failure She was dischargcil improved after the e\perimental 
I^noil but was twice reliospitalizcd duriiip the 'lUljsequent si\ montlis because of fluid reten 
tion. \V S was a 23 year old man who was first seen in the chmc and hospitalized because of 
advanced rheumatic liiart discasi with cou(,e3ti\c failure He was discharged improved nftoi 
the reported period of studj and trcitmciit but was lit<r iJuuttcd to a veteran s ho pit il 
in termin il condition Tho uutop j report indicateil rluunuatir uivohcment of the aortic and 
Qutral valves, cardiac cirrhosis, and pulmonary infaretiyii 

Uoth patients were hept it bed rest for tin fir t fortiiif,ht of their hospital staj after 
winch thej were permitted to move about the wards as tliev wishcJ Botli were allowed fluids 
ad libitum and both were ti'on a low salt acid ash diet Th e«timite<l electrolyte content 
of tho diet, m nulliraols per day, w is 


SoillUDl 

37 01 

(average 44) 

Potassium 

103 


Calcium 

13 


Magnesium 

12 


Iron 

4 


Phosphorus 

63 


Sulfur 

32 


CJiloridc 

n-40 

(avenge 30) 


Unno specimens were collected under toluene and were kept refrigerated throughout the 
collection period pH was determined on tho simples ns soon as they were received in tho 
laboratory If aramoni v and phosphate determinations could uot bo earned out immediately 
iliquot samples were frozen in solid carbon dioxido and wore maintained at -<0 m a Dewar 
flask until ready for use 

Vnalytio procedures used in the determination of ionic constituents were for the most 
part as recommended by Peters and \an Slyke* All determinations were performed in dupli 
cate or triplicate 

?odtuw — Gravimetric method of Butler and Tuthill Some of the gravimetric urinary 
values were checked using a colorimetric adaptatiou of tins procedure 
Potassium ■ — Gravimetric procedure of Freeman and Burnll o 
Calcium — ilicrotitration by the method of Tisdall and Kramer 

^(^Onesium — Precipitation according to the method of Simonson Westover and Wert 
man 10 Color development however, was by the phospho molybdate technique of Gomori n 
Immoma — Determination was by ncsslcrization following aeration from alkaline solu 
as m tlie metliod of Foliu and Farmer i 

Chloride —.Modified Vollmrd Ilarv cy titration In mauy instauces especially when pro 
Was present these were checked by tho Van Slyke Hillcria modification of Sendroy s 
“xlometric procedure 

Phosphate — The metliod of Gomori« was used after dccolonzntion and dilution ililli 
fams phosphorus were converted to millicqmvnlents pliospliate (IIPO^) by use of the appropri 
factor ns iiidic ited by the pH of the simple 

Jnorgamc Sulfate — Turbidimetnc measurement of tho barium sulfate precipitate n This 
18 ailmm edly a comparativelv crude method but it gave atisfactorv results and recoverie 

Recentb reported deceased at home- 
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Orgamo Acids — Total t^\eutyfour hour excretion waa calculated from aliquota titrated 
according to Van Slyho and Palmer Creatine and creatinine Mere removed by shaking nitli 
Lloyd's reagent as recommended by Grecnwaldis Titritiou nas earned out between pH 8 0 
and 2 7, using a glass electrode for determination of end points Correction for the ex 
istence of some of tJio acid m tlio free form as recommended bj Gamble^ was not made because 
titration curves indicated such a multiphcitj of constituents that it was impossible to estimate 
which was the predominant acid 

Filtration rates and effective renal plasma flow were determined bj the clearances of 
mannitol and sodium para ammo luppurate Analytic procedures were those of Corcoran and 
Pageie and 11 AV Smith and associates '7 

Serum clectrolyto determinations were mado by adaptations of the methods already 
described for urine 



F1& 1 — E w electrol>te and water excretion with diuretics 


results 

During coutiol periods as thioughout the admimstiation of diuretics, 
■iodiuin. was consistently low both m i elation to intake total lomc coiicentra 
bon and to chloride 

Othei electrolytes shoxved no significant variation E W maintained a 
consistently highei level of calcium output than did W S , a finding consistent 
nith preiious observations that indnidual lexels tend to be constant though 
■^luable from subject to subject ** 
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Of the mineial diuietics admini&teied, ammonium cMoiide, potassium 
chloride, and potassium acetate appealed to be most etfective as diuietic 
agents It is notable that the maximum effect of each of these substances 
was leached aiouud the thud day of theiapy, aftei which both fluid and electro 
lyte values declined towaid eontiol levels Foi example (Fig 2), on May 23 
the uiine volume had iiseu from 1,590 to 2,230 cc ivith an almost identical 
intake, and the sodium and chloiide, lespectively, fioni 5 to 75 meq and 34 
to 160 meq Aftei this duuetie peak, the output of salt and watei declined 
notwithstanding the continuation of the same medication 



Fiff 2 — W S elect! ol>te and water excretion ^\ith diuretics. 


Although minoi i espouses in the sodium output weie mm 
monium chloiide, potassium ehloiide, and potassium acetate ( yarv 

the daily output tended to lemain at a level fai below iioima va 
ing salt intakes = CalcW"* 

Ceitain findings pecnliai to the specific dnuetics aie g (Table 

excietion is distinctly inci eased with ammonium chloiide, t us the 

II) on May 30 showed a calcium value of H 0 meq , with ^gjeasin? "'ater 
beginning of the diug Potassium acetate was effective m m aud 

output, but the mine lesultuig fiom its administration effect 

chloiide As pieviously lepoited,'” a piompt and sustame 
was demonstrated 
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Meicuual diuiebis m W S lesultecl in a sodium value of 197 meq, with 
a ehloiide of 159 meq , giving a latio of 1 2 In the case of E W , the inciease 
in sodium exeietion was substantial but not sufficient to appioacli a noimal 
latio with the ehloiide In one instance (W S) the disci epancy between 
sodium and ehloiide appealed to be compensated by a tlueefold mciease iii 
phosphate excietion Othei eleetiolytes weie unaftected 

Filtiation lates and eftective lenal plasma flow aie given m Table HI 
The filtiation late in the ease of E W was within noimal limits befoie and 
thioughout the peiiod of this study That of W S, was leduced to appiox 
imatelv 50 pei cent ot noimal Tins maikcd dispaiitj in filteimg powei was 
accepted as a desiiable qualification in the selection of these subjects 


Table IH 



FITTRVTIOV r VTL 

1 V FECTD E BEVAL PLASMA FLOll 

PATIhNT 1 

(ML /WIN ) 

(Ml /MI\ ) 

E W 

119* . 

531* 

W S 

5bt 

303 1 


•Aveiage of tweho doteiininatlons 
tAierago of three detoimlnatlons 


DISCUSSION 

The choice of total quantitation of individual eleetiolytes as an appioaeh 
to the evaluation ot the kidney in edema foimation appealed to oftei seveia 
mamtest advantages It, indeed, the impiession of vmiious woikeis is couec 
that the kidney is unpheated in the events leading to fluid leteution, possi ) 
in a pi line lole, then it should be deteiminable whethei such inteiven lo^ 
deiives fiom the piocess of filtiation oi ot leabsoiption, and whetiei 
autonomous oi lespousible to some othei agent 

Assuming that the seium sodium values* lepiesent unbound 
these patients as in the noimal, then the sodium filteied daily may e le 
calculated and will be found to aveiage 22,381 meq m the case o 
9,438 meq in that of W St Compaiison of these values with the 
intake daily of 44 milliequivalents shows a dispai ity so impi 
coinage the attempt to i elate failuie of excietion to failuie of^ ^g^cliawide 


the lattei function has with lespect to the inajoi tissue eleetiolytes noimal 
maigiii of safety The effective renal blood flow is seen to be wi^ 

111 E "VV and i educed by appioxiniately 50 pei cent m W ijjood Ho"" 
that lenal impaiiment as indicated by a i educed filtiation late an 
IS not mvaiiably associated with caidiac decompensation 
It IS likewise notewoithy that impaiiment of the 
ted to dinunish leiial woilang capacity The demonstia ec ^ 


pected 


of excess quantities of sodium, hence peifoimaiice of theiefo^ 

inrlinn+dc i mmi ojx c 1 4-n o +-i T-f COfilllC. nlansible to hvpotn > 


indicates the leveise situation It seems plausible 




•Plasma sodium and ehloiide concentrations for ^ W , , 2 ^ ,„eq ,.5 

spectlveh Those for W S at time of dlschargo were 119 "'?4, „ secondary cirrli 
level in the latter case ma> have been associated ^Mth the exjs ® __ jjjQq /21 hours 
tFiltration rate (ml /mm) x serum Na+ (meq /ml) X ■“ 
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that the stimulus to tlie e\cessivc leibsonition. of sodium is specific and that 
it depends upon iihysiologie faetoi’s, chemical oi humon,!, lather than, upon an 
mjuied or invalid kidney 

The behavioi of sodium uith the administntion of imnei al diuietics as in 
dicated m Tables I and II is predictable ui teims of piniiaiA lespoiise W S 
IS seen to ineiease mine output someubat and conconiituntly sodium output 
with potassium chloiide, ammonium chloiidc, and potassium acetate With 
the fii’bt two substances in paitieulai, the sodium inciease is many times 
greater than that of watei, and, notwitlistandmg the admimstiation ot the 
ehloiide salt, the chloride output is less sliaiph ineicased than is the sodium 
In no case did the diuietic effect last moic than two to foui da>s, although the 
iiiedieation was continued for seveial more days 


The biief duration of diuiesis is an obsci\ation of clinical importance 
■IS well as physiologic inteicst If potassnnu chloiide foi evample, is capable 
of augmenting the mine ^olumc foi so shoit an inteival of time it could well 
he aigued that a rotation of mmeial salts might be adopted m the manage 
ment of chiomc eaidiac decompensation 

In both patients the admimstiation of a meicuiial dmietic resulted in a 
unne output of appio\iniatel} twice that of the control le\e]s, but the increase 
in sodium output wis c\en more maikcd The release of salt and watei bv 
merciuial piepaiations is by no means a novel obseivation, but the absence of 
sioinficaut changes iii othei clcctrohtcs is a mattei of considerable theoretic 


niteiest If the augmented alisorption of sodium and, to a lesser degiee, ehlo 
tide weie a function of a factoi so nonspecific as renal blood flow, it is difii 
•lult to concei\e of that factoi as being abolished by the admimstration of 
mercuij to which a maiked stimulation of renal cnculation could haidly he 

attributed 


Tuinmg uow to the excietioii of potassium as shown in Tables I and IT, 
only mmoi fluctuations aie obsei\ed which Avith those of ammonia, probably 
reflect shifts in cation anion balance A poweifully alkalimzing effect is noted 
ni the uiiiiL undei the influence of potassium acetate a lesult which serves a 
Ireful purpose in clinical piactice wheie alkalimzation b\ sodium salts might 
oe undesirable It is also of inteiest that when the potassium intake is ele 
vated by the ingestion of 100 miUimols of potassium salt a positn e balance is 
established and a considerable poitioii of the element is held in the body 
The values foi ammonia in the mine show the noimal response to the in 


S^tiou of ammonium ehloude As in Gamble,' Chart 29, an elevation follows 
that of cldonde and is pioloiiged bejoiul the chloiide A tendency to inveise 
proportionality with sodium and x>otassium can be tneed compatible with the 
classical thcoi> of ammonia as i spaiei of fi-\ed base This interpietation be 
comes open to question in the study of hepatic cuihosis presented in the foi 
papei Oigamc acids found m the mine undei went Mitually no 
‘^oantes thiou^hout the pciiod of the experiments The uune calcium, mag 
•cesium sulfate and phosphate offei no particulai giounds for discussion 
''fflnn the fiamework of the present study 
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The desciibed shifts in electiolyte components should be consideied as 
metabolic lenal function tests As such they leveal no suggestion of lenal 
incompetence The piobability is stiong, theietoie, that a kidney which is 
able to maintain acid-base balance, pieseive blood levels, and synthesize am 
nionia, is letaining sodium in lesponse to factois acting upon it and not 
thiough ineonipetence 

Consideimg now the situation in teiins of fluid compartments, the chn 
ically visible inciease in evtiacellulai volume chaiacteiistic of cardiac de 
compensation is analogous to the situation desciibed by Stewait andEoiiike^ 
in which laige infusions of isotonic sodium chloiide aie given daily foi four 
days and the extiacellnlai fluid is thus iiici eased by appi o\imately 80 per 
( ent of the oiiginal volume Examining the data lepoited by these investi 
gatois, we And that at the end of thiee days the positive fluid balance has 
been leveised and the iiiine output exceeds the watei intake by almost 1 
litei The sum of the exeieted sodium and chloiide libeially exceeds them 
take aftei the flist twelvc-houi peiiod, and the latio of sodium to chloride m 
the 111 me nevei di ops below 0 89 The plasma values are not extraordinary 
If it IS objected that the iiiei eased venous piessuie present iii cardiac decom 
peiisation could not have opeiatecl in Stewait’s iioinial subject, it imght be 
pointed out that this situation was well simulated by the forced increase in 
plasma volume lesulting from the daily administiation of 6 to 7 liters of 
per cent sodium chloiide If we may then concede that the cases are com 
paiable with respect to the fluid compartments, we aie in a position to appiMi 
dte the distill bailee in excietoiy watei and electiolyte pattern revealed m 6 
decompensated state It appears evident either that the noimal pitm aiy 
control of fluid volumes and electiolyte concentiatioiis is defectne m 
cardiac patient oi that the kidney is not able to lespond noimally to su 
contiol 

With respect to the second possibility, namely, tiibulai 
with respect to electrolyte contiol, the output of individual ions ° 
sodium, and to a lessei degiee chloiide, shows no leiial defect, 
spouses to sharp alter ations of ionic load and acid base g pie 

deviation from noimal behavioi (Gamble, Charts 29 30) The ca 
sen ted might be suinniaiized, then, by the hypothesis that to 
heart failuie with edema consists of a gross enlargement of t e 
fluid volume, which enlai gement somehow fails to elicit the iioima^ noimal 
factois acting on leiial tubules The tubules are behaving, m ac , > 
tubules 111 the presence of a deei eased extiacellnlai fluid volume 

SUMMARY AND CONCLUSIONS ^ 

Two patients with rheumatic heait disease and of 

studied foi a period of three to foiu weeks by ^nd the effect 

uiine electrolytes The deteiminations were earned <ni and urnie 

of various diuietie salts were evaluated in terms of ui 
electi olyte pattern 
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Estimations of renal filtration rate and blood flo\\ were made by the clear 
ance of mannitol and PAH In one patient both the filtration late and the 
effective blood flow were reduced to approMinately 50 per cent of normal In 
the second both functions remained well within noimal range 

The urine electiolyte pattern of patients m heait failure revealed a con 
stmt and specific chaiacteristic, namely an absolute reduction in sodium 
evcreted with <i lesiilting diminution in the ratio of sodium to chloride 

The leduction in the sodium chloiide latio was not associated with any 
other constant distuibance in electrol>te cxcietion 

Various mineral salts were effective ni promoting diuresis but this effect 
MIS of brief diiiation Outputs of vvatci and sodium which appioMinate the 
control levels were obtained in spite of the continued administration of the 
diuretic 

Admuiistratiou of a meicunal diuietic tended to abolish sodium retention 
and to increase sodium excretion to a much greatei degree than it did that of 
Mater 

In caidiac edema the glomemlai filtiatiou rate mnj be reduced oi it may 
be maintained within normal limits 

It is pioposed that the selective activities deseiihed b> the data aic e\i 
denee of normal response by the renal tubules to disturbances involving the 
regulation of fluid compartments 

Wo wash to express our siocere appreciation to Professor C J Farmer for his generous 
lupport and advice m this study 
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ELECTROLYTL PARTITION IN PATIENTS WITH EDEMA 
OP VARIOUS ORIGINS 

Quvlitative vnd Quvntitati\e Definitiov ot Cvtions ind Amons 
IN HePVTIC ClBRHOblb 

LdITU B PARNbWOIlTH, 11 D , VND J VCOB S Kr VKUSIN, M S 
Chic vgo, III 

With THE Technic iL Assist iNOE ot Lor-v Belle Hughes B\ MT (ASGP) 


W E HAVE previously indicated the probability of sodium letentiou of a 
specific nature oeeuriing in congestive failure and to an even greatei 
degree in hepatic cirrhosis ‘ With respect to cardiac failuie %ve have described 
the renal dynamics of salt and water retention in terms of the clearances of 
mannitol and PAH and the quantitative evaluation of urine elcctiolvtes An 
abnormal unnarv electiolytc pattern was demonstrated which was characteiized 
by sodium retention and a reduction in the latio of sodium to chloride* The 
purpose of this repoit is to demonstrate the qualitatively similar but quaiiti 
tatively oven greater retention of sodium and to some extent of cliloride in 
hepatic cirrhosis 


Two patients were selected in whom the clinical diagnosis of Lacnncc s cirrhosis was 
wpported by liver biopsy Both were men, 52 and 54 years of age respectively, jaundice 
was moderate and ascites was massive. After several days on a general diet the patients 
were placed on a diet containing a maximum of I 5 Gm daily of sodium chlonde Mineral 
and mercurial diuretics were administered as indicated m Tables I and II Paracentesis 
was done onco or twice on each patient, and the electrolyte concentration of the ascitic 
fluid was determined The cation anion balance was quontitatixcly itemized from daily twentj 
our Lour collections of urine whicli were preserved under tolueno and refrigerated Analytic 
nietUods employed in the determination of ammoiua magnesium calcium chloride phosphate 
sulfate and organic acids are described in the preceding paper * Sodium and potassium 
'u UC8 were determined by the Beckman flume photometer 

A few data were included from a third patient B G , of the same sex and ago group 
a wliorn complete collections wore difficult bccau'^o of incontinence and illiteracy The unne 
values are therefore scattered Tlie data are included because of the more regular blood 
studies available 


RESULTS 


The excretion of sodium was found to be exceedingly low with all dietaiy 
oads The urmary suppression of sodium, regardless of daily salt ingested 
even more refractory to diuretic treatment in these patients than in the 
patients in congestive failure reported in the foregoing paper 

Fluid output was also consistently low and the administration of meicunal 
diuretics resulted only rarely in a slight diminution in body weight, m contrast 
*b e effect in heart failure 


Ulo Departments of Mcdlclno and Chemistry Xorthweatem University School of 

^l3 8tud> -was aided bj a grant from the United States Public Health Service 
Received for publication Julj 31 1948 
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Cliloiide output was also exceedingly low and tended to be lowei than m 
heart failuie With i elation to sodium output, howevei, the dimmution was 
less extieme, hence the sodiuni-chloiide latio lemained lowei than in noimal 
subjects 01 in congestive failuie The use of meicuiial diiueties caused a 
greatei chloiide than sodium excietion This inciease m chloiide output was 
in turn fiequently associated with an meiease in mine potassiuni 

The excietion of ammonia in i espouse to the admmistiation of amniomuni 
chloiide was veiy different in tlie two subjects D E shmved the tjpical de 
layed but pi oti acted meiease in mine ammonia (Gamble, Chait 29),^ and J S 
appealed unable to synthesize ammonia 

Administiation of potassium acetate, 100 nieq daily, was associated with 
a low ammonia output, in the ciiihotie subjects as in the caidiac patient to whom 
the medication was given 

Sulfate excietion tended to be low, a finding which is piesumably to he 
coil elated with inteifeience with metabolism of sidphui containmg amino acids 
in the liver 

The excietions of calcium and magnesium weie \aiiable m both patients 
The deteirainant of these vaiiations appealed to be chloiide lathei than phos 
phate excretion 


DISCUSSION 


On inspection the data lesemble latliei closely those denied fiom the pa 
tients 111 eaidiae failuie piesented m the picceding papei The mitial contio 
peiiods, without dietaiy lestiiction of salt, indieate a letention of so nim, 
chloride, and watei These positive balances peisist notwithstandmg ™ 
position of eleetiohte loads by mineial diuietic medication and in ° 
frequent admmistiation of meicuiial diuietics These faets paiallel the = 
m congestiie failuie, and establish the fact that m Laennec s cuihosis so 
letention lathei than hypopiotememia is a majoi deteiminant of 
edema Heie again, m ciiihosis as m caidiac failure, the pattern is 
solely of filtiation of plasma watei and electiolytes through the cap arj 
but a moie complicated seciuence in which the leabsorptive activity o 
tubules plays a substantial pait As in the caidiac subject, ^ 
secondaiy oidei of such leiial paiticipation becomes a concern o un 


impoitance entities. 

Willie the letention of salt and watei lends similanty to tend 

ceitam shaip differences appeal Fust, the uiinaiy sodium indeed, 

to be lowei m oui thiee patients with ciiihosis than in congestive gjjseiice 

duimg the contiol peiiod on a geneial diet aU patients showe ^^g^j^gg^tiated 
of sodium when the giavimetiic pioceduie was attempted on ^ JggJ^ced, d 
mine Although the absolute chloiide content ivas also niai ileeidedlv 

was still high enough to yield a sodium-chloiide latio w ic dnu®!'*^^ 

lowei than those found m cardiac patients The i espouse to nie^ j^jjjjnnal vaiii* 

indicates a moie striking divergence Figs l‘''''^^!.Umnate^laysof 
tions m urine volume during the admimstiation on a jjiedical diuretic^ 
hydiin, and the body weight appears to be unaftecte } 
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FJg 1 — D E electrolyte and water excretion A\Ith diuretics 


The excretion of sodium is mildly augmented bj meicurj but, coiitraiy to 
experience witb patients in heart failure the effect on chloride is consistently 
^ore marked, and hence the ratio sodium chloride is not restored to normal at 
‘iny time These observations pose several questions fiistl>, are they the results 
of incompetent kidnejs second, are they due to abnormalities of electrolyte 
concentration in one or all of the fluid compartments 

With respect to the functional integrity of the kidneys the clearance rates 
of mannitol and PAH are given in Table III along i\ith the blood chemistry 
'slues jVlthough substantially below the normal they can hardly he taken to 
mdicate renal decompensation The fluctuation of urine values of ammonia m 
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urine e\erclioii of sodium was almost entireU suppiesscd The data gi\eii in 
Tables III and IV show nonnal conccntiations in plasma and ascitic fluid of 
sodium, potassium and chloride in the ease of D E , with similar \alues foi J S 
ivith the exception of the plasma sodium of 12‘1 meq Plasma sodium \alues foi 
B G declined fioni 141 meq on a free diet to 120 meq on a lou sodium diet 
A,t those two lc\els the mine output of sodium was 0 1 meq and 0 4 me(j le 
spectivclj The \olumc of the cxtiacellulai fluid tompiitmeiit ho\vc\ci was 
grossly enlarged, as e\idenecd b\ the niassi\c dependent edema as well as 
ascites of all patients licit again a situation exists which would iioimallj 
elicit a spontaneous diuicsis since it is the major function of the leiial e\cretor> 
mechanism to defend not onlj the conccntiation but the \olume of the extia 
cellular fluid "With respect to salt and watei then the kidncjs aie behaving 
as if tlie hodj were dehjdiated The paiadox is essentially the same as was 
found to exist in the state of licait faduic onlj to a moie marked degree 

The findings whicli we ha\c described support the impiession expressed b^ 
recent in\cstigators* ® that abnormahtics in watci distiibution in ciirhosis 
cannot be accounted foi solclj on the basis of plasma piotein deficicnc\ and 
diminished colloid osmotic pressure 


CONCLUSIONS 

The urmarj clcctrolj tc pattern in hepatic ciri hosis is similai to that in 
cardiac failuic The renal ictention of salt and water long recognized in heart 
failure, IS present to a moic marked degree in hepatic cin hosis 

As in. heart failuie, the mannitol and PAH clearances ma'^ be somewhat 
reduced, but the metabolic functions of the kidne\s arc cssentiallj unaffected 
and other urinary elcctioljtes exhibit the noimal responses to \ariation in 
electrolyte intake 

V^'atei and salt diuresis was minimal aftei administiation of meicunal 
diuretics One instance is shown bowc\ci in which a la\ish diuresis of electro 
btes was initiated bj IMercuhjdim 

In addition to tlic hjdiostatic factois opeiating in cirrhosis tlie genesis of 
edema and ascites in this condition is also attubutable to a letention of sodium 
and water This urinary suppression of sodium is independent of the plasma 
eonccntiation Since the competence of the kldne^s has been demonstrated bj 
clearance deteiniiiiations of mannitol and PAII as well as b\ quantitation of 
urine elcctrolj tes, the liyiiotliesis is suggested that the stimulus to salt and w atei 
retention is specific and tliat the same stimulus is piobabh actmg in both 
diseases 

We extend our warm tlianka to Dr A C Corcoran for Ins help m the preparation 
this paper 


RIIFEaiEXCES 

Electrobto Partition in Patients "With Edema of Various Origin'; 


^ Famaworth, E _ 

p ’3odmm and Chloride, Am J Med 4 338 1948 * tTf *1 

- f^a^nsworth E B and Krnlcusin J S Electrolyte Partition in Patients With Edema of 
Various Origins Qualitati%e and Quantitative Definition of Cations nnd \nions 
^n Cardiac Decompensation, J Lab ^ Cun’ Med 33 1534, 1943 
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Fiff 2 — J S eloctrol} te and water excretion with diuretics 

lespon&e to ammoiiuini cliloiide, potabsium in i espouse to potassium 
sodium 111 1 espouse to ammonium chloiide aie in themselves icnal 
tests and offei evidence that the kidneys aie not m default 
be called parenthetically to the difleiences in the two lecoids towai 
of the expeiunental peiiod D E toleiated the ammonium chloii e, 
daily, foi five days, and undeiwent a diamatic diuiesis of electiolytes, 

J S became comatose aftei tliiee days on similai amounts of ammonium 
and the medication was discontinued when the plasma CO. leac e 
pel litei Although the mine pH of this patient did not deciease e 
D E undei the same conditions, J S appealed to be una e 
ammonia and continued to put out a small volume of umie, pooi m^^ for 
in spite of cleaiance values almost identical with those of D E and 

this disci epancy is piobably to be found in the pool 
extieme anoiexia which chaiacteiized his hospital coiiise, m 
to D E who ate heaitily thioughoiit the peiiod of obseivation ^ and 

The second ciiiestioii which we have pioposed 
electioh te composition of the fluid compaitmcnts in ^ lo^yercd pl®^"’^ 

patients with ciiihosis have shown iioimal oi only sligi ' ^ ^^g^eial mstau 
sodium while on a geneial diet, lediiction in intake has lesin ec , ^ j^g^eier, die 
ces, in maikedly reduced levels At all plasma eoneen la i > 
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urine e\crction of sodium ^\as almost eiitirtU suppiessed The data gnen m 
Tables III and IV show uomial concentiations iii plasma and ascitic fluid of 
sodium, potassium and chloride in tlie case of D E , ^\lt}l similar \alues for J S 
with the exception of the plasma sodium of 124r meq Plasma sodium \ allies foi 
B G declined from 141 meq on a fiec diet to 120 meq on a low sodium diet 
At those ti\o Icicls the uiine output of sodium w is 0 1 meq and 0 4 meij le 
spectuclj The \olumc of the extiacellulai fluid compaitmeiit howeier was 
grossly enlarged ns e\idenced bj the massive dependent edema as well as 
ascites of all patients Ileic again a situation exists whith would noimallj 
elicit a spontaneous diuiesis, since it is the majoi function of the lenal cxcretorj 
mechanism to defend not only the coiicciitiation but the volume of the extra 
cellular fluid With icspcct to salt and watci then, the kidue>s aie behaving 
as if the body wcie dehydiated The paiadox is essciitialU the same as was 
found to exist in the state of heart failuie onlj to a moie marked degree 

The findings winch wc have dcsciibcd siippoit the impression expressed bv 
recent investigators* ® that abnormalities ni water distiibution in curhosis 
cannot bo accounted foi solclj on the basis of plasma pioteiu deficieiicv and 
diminished colloid osmotic picssurc 

CONCLUSIONS 

The urinary electioljte pattciu in hepatic ciiihosis is similar to that in 
cardiac failure The lenal letention of salt and water long recognized in heart 
failure is present to a moic marked degree in hepatic cirihosis 

As in licait failure, tlio mannitol and PAH cleaianccs maj bo somewhat 
reduced but the metabolic functions of the kidnevs aie essentially unaffected, 
and other urinary electiobtes exhibit the noimal responses to variation in 
electrolyte intake 

Water and salt diuiesis was minimal aftci admniLstiation of mercuiial 
diuretics One instance is shown howcvci, m whicli a lavish dmiesis of electro 
l>tes was initiated by Mcrculiydiin 

In addition to the hydiostatic factoi’s opciatiUr^ in cirrhosis the genesis of 
edema and ascites iii this condition is also attiibutable to a letention of sodium 
and v\atei This uniiaiy suppression of sodium is independent of the plasma 
concentration Since the competence of the Kidnevs has been dcmonstiated bj 
clearance detciminations of mannitol and P VH as well as 1)\ quantitation of 
uiine eicctrolj tes the hj potliesis is suggested that the stimulus to salt and w ater 
retention 13 specific and that the same stimulus is piobablj acting in both 
diseases 

,, ^^0 extend our warm tlianks to Dr A C Corcoran for Ins help m the preparation 
01 this paper 
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ON THE rPFICACY AND &APLT\ OP GLICINE ADMINISTERED 

BY VEIN 


George L Collentinf, Jk , B S MD 

]\IlL^\ VUKEE, \\ Ih 


T he current lapidlj incieasin^j use of amino acid piepaiations b\ the mtra 
^eno\lb loute has suggested a inoic specific stud\ of ceitam iftctts ot the 
simplest of these compounds, oljeiiic, \\hcn administcied b} this method A1 
though not a significant constituent of the a^allal)le commeicial pioducts since 
these aic pnncipallj acid oi cnzjmic hjdi oh sates of casein which contains 
little gljeme, this amino acid desexses consideration 

Because it is rcadil> synthesized in appaienth adequate amounts b\ the 
normal human body, glycine falls into the classification of noncsseiitial’ 
aimno acids — a connotation luiforliuiately accepted b^ ma^^ to be svnouv 
mous ^\ith “uminpoitant ” \\lucli ma^ e\plam the lad of attention to this 
compound in the field of paicnteial ammo acid preparations Ghcuie, how 
ever, is a component of many of the body piotcins (collagen is iich in ghciiie) 
Its roles in the syntheses of such nonpiotcin substances as creatine ^ glycochohc 
acid, glutathione,* tho piotopoiphyiin poition of hemoglobin* and uric acid* 
have icceived widespicad attention and confirmation m isotope studies during 
the last few years In each instance the ingestion of gheme tagged vvath N^® 
has been followed so quickly by the nppeaiance of labeled molecules of these 
products as to indicate the diicct paiticijiation of this 'inuno acid in their 
syntheses Glycine, moieovci, has long been known to take a leading pait 
^ the detoxication ineehanisius applied by the body against a large niim 
her of potentially haiinful pioducts of iiictabolisni Representative of this 
action IS the conjugation of benzoic acid, an oxidation pioduct of many toxic 
aromatic compounds, with gly cine to form hippurie acid 

The Quick test of livei function is based on the lelationship between the 
functional state of that oigan and the capacity foi syntliesis of hippniic acid 
from ingested benzoic acid It has been shown that supphing cxtia ghcine by 
niouth during the test will in some instances appicciably increase tlie hippunc 
acid output even when it is seiiously dimimshed in Inei disease Thus it is 
Evident that the actual ability of the li\ei cell to bring about the conjugation 
niay not be impaired, but that the lato of syntliesis of glycine is tlie critical 
^nsideiation Depiession of Hus latc occurs in noianal pregnancy to the ex 
*ent of 15 pci cent below noimal ® and in toxemias of pregnancy and other 
conditions the ability to detoxicate is much moic seiiously impaired 

Heie again isotope studies have shed some light upon the mechanism in 
yol^ &inuiltaiieous feeding of soilmiu benzoate and an excess of labeled 
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glycine lesulted m the utilization of e-vogeiioiis amino acid foi about one thud 
of the hippinic acid synthesis ® The body must have supplied the leniaimng 
fwo-thnds lequned foi the deto\ication Veiy little is knoivn of the source 
01 pieeuisois of this endogenous supply The obseivation of Chiistensen and 
co-woikeis that the ingestion of sodium benzoate is followed by a depiessioii 
of the fasting blood glycine lei el in human beings® has been confiimed in this 
laboiatoiy Piom this it would seem that the body maintains its glyeme le 
bOives fieely mobile in the lilood stieani, and depends upon lapid synthesis 
to meet specific demands foi detoxication and othei piiiposes 


Eecently, Gubnei and associates’® haie employed the specific dynamic 
action of glycine to bung about some conceivably desiiable changes in 
peiipheial blood flow Then woik wms based on the eoiielatioiis that have 
lieen established between the metabolic late and caidiac output and penpheial 
blood flow ” By means of skin tempeiatiiie lecoidiiigs, oseiUonietiic lead 
mgs, plethy^smogiaphs, and oxygen consumption deteiminatioiis they have 
shown that the iiiei eased heat pioduction and oxygen consumption that follov 
the ingestion of glycine aie accompanied by a maximal increase in ciicula 
tion to the extiemities The skin tempeiatuie changes piodueed aie eqiiiva 
lent to those obtained with neive block and aie consistently gieatei in dm a 
tioii and degiee than those caused by alcohol The piesence of penpheial 


vasculai disease m some of then subjects did not altei the lesponse 

This consideiable multiplicity'’ of impoitant metabohc functions, viewed 
in the knowledge that the late of synthesis of glycine is depiessed ui a vane y 
of conditions, lends iilaiisibility to the idea that leasonable indications 
exist foi the supplying of glycine by v'enis when enteialnutntionisprec u 
The studies to follow weie undei taken to investigate some effects of gycme 


administei ed uiti av'enously 


EXPERIMENTAL 

For tlie determination of glycine concentrations in blood and urine, 
tolormietric micromethod of Alexander, Landnelir, and Seligmani^ nas giett 

only difference that a Cenco photelometer was used instead of the suggeste v ^ 
instruments This method depends upon the distillation conversion of aU jjact 

formaldehyde by the action of ninhydrin, the resulting formaldehyde 'vw® 

with chromotropic acid to produce a measurable color Metabolism e er 
made with a standard waterless respirometer fnsioni of ® 

I Two female dogs previously fasted for fourteen hours w ere given m^ the wt® 
cent or 10 per cent glycine in physiologic saline solution by simple inunediate^f 

of flow bemg regulated to take thirty minutes Blood samples were wi i lU’o® 

before the mfusion, immediately afterward, then one and two hours la er lioufl'’ 

specimens were obtained for the hour preceding admmistration of S to 05 
intervals after the drip began Two doses were employed one yvith ‘P® *“'*^*^ 

glycine per kilogram of body weight and the other to 1 0 Gm per exce^^awe saliva 

dose, both dogs showed signs of distress such as bradycardia, /j ,,, thin the nwf 

tion, and vomiting at the conclusion of the infusion These signs ,ntliout appa’®®* 

half hour, and on a subsequent occasion one of the dogs tolerated i preceding ex 

ill effect Table I is a record of urinary output of glyeme during to 
periments on one of the dogs 
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Hour 

! 100 ML 

•j%Gl\CiMv 

I 100 MI 

109o OL\CI\E 

1 

0 

0 2 mg 

307 3 

0 2 mg 

283 5 

0 1 mg 

1 a72 5 

0 2 mg 

1 252 8 

3 

18 0 

21 0 

109 2 

146 3 

4 

36 

4 2 

21 0 

38 8 

Total 

3-8 9 mg 

308 7 mg 

1 702 7 mg 

1 430 9 mg 

Infusion begun at end of control hour 1 liiratloii 

thlity minutes 




i Blood concentration cur\cs in doe and human beine (see text) 


adults, fasting' for t\\cho hours ucre given a total of about tivtntj 
of ‘^03c« of gljcine ranging from 12 to 10 Grn on a basis of 0 2 Gni per kilogram 

^Wonts' ^ nictliod of adiuiiustrutiou similar to that m the previous experi 
tho half I subject was given a dose of JO Gin (0 4 Gni per kiJognm) and at tlio end of 
incren injection lie noted a feeling of warmth and tingling in the extremities, some 

hour % ^'ilivation sliglit imusea and lightheadcdntss nil of which passed within a half 
low? ^oteworthj subjective manifest itioiis were mciitioiicd bv subjects given the smalhr 
Mtept the feeling of tingling which w is incou&tint 
^'I'l '^P'^'-initiis were taken tninuili ite)> before iiid after the mfuf-ion and at om two 

beforo**^T thereaftir Duplicate tracings to determine basal metabolism wore made 

inistration of glj(,mc and single tracings werb m ido 1 eforo each blood with Irawal 
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It was soon noted that the cuives of blood concentiations obtained on 
these lathei aibitiaiily selected doses in dogs and human beings showed 
sti iking siniilaiity Indeed, when aveiage ciiives foi each senes weie diami, 
they could be supei imposed foi piesentation In Fig 1, curve A repre 
sents the aveiagee of six closely coinpaiable cuives obtained in dogs ivith the 
smallei doses (0 5 Gm pei kilogiam) and of a dozen oi moie sniulai cmves 



Fig 


HUE IN UINUTE3 


2 — Per cent increase in oxj gen consumption ( J.) 
(F) same subject as (J.) after dose of 0 2 Gm per 


following dose of 
kilogram others 


0 4 Gm pot 


Idlogniui 


after latter dose 


Pnive B was oh 

fiom human bemgs given 0 2 Gm of glycme pei kilogiaui 
tamed with the doses that pioduced untowaid symptoms m 
human being (1 0 and 0 4 Gm pei kilogiam lespectively) 

In Fig 2, some cuives showing pei cent of usu’g 

consumption abote the basal level aie piesented A sPident 

only intiavenous saline without glycine, was peifoimed m subject 

acted as subject foi the glycine expenmeiit on six occasioi test 

showed a peifectly constant late of metabolism tliioug siuul‘'>^ to 

peiiod, but lesponded to the addition of glycme ivi m 
those piesented 
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Table II Hourly Outi ut oi Gi \ cine in Urinf op \ 75 Kilogilym M yn, Foli-oyv ing Intr y 
YLNOU b iNPl £>10V Ot QIYCINL IV SyLIVE 


HOUR 1 

luO ML 10%OIYCINE 1 

(0 2 GM /KG B W ) 1 

300 ML 10% glycine 
(0 4 GM/E.G BW ) 

1 

2 0 mj, 

2 0 mg 


1,72- 0 

3 997 6 

3 

1615 

347 8 

4 

28 4 

351 

5 

4 2 

10 0 

Total 

1 ')1S 1 mg 

4 390 o mg 


Infu Ion begun at enj of control hour 1 duratlou thlrt> minutes 


Uime studieb on the subject who leceued both doses lie lecoided in 
Table II, and those on two subjects who leceued only the small dose m 
Table III 


Table III Hourly Outi ut oi Giycine iv Urine op 70 ynu SO Kilogram Men Following 
Intravenous Infision op Qiycive 


UOUR ^ 


1 100 ML 10% glycine 

(0 2 OM/KO B VY ) 

1 


2 S mg 

2* 

1 544 4 

1 696 2 

3 


233 9 

4 

24 3 

31 4 

5 

75 

35 

Total 

1 7 1 b 9 mg 

1 96o 0 mg 


Infusion begun at end of control houi I duration thirt\ minutes 


III Blood gljcme coiiccntritiou curws were obtnmed with 0 2 Gm per kilogram dose 
Ri tMO patients with clinical chrouic hepatitis (portil iirrhosis) Diagnosis m each case liad 
hwn confirmed by punch lucr biopsj nud bj abnormal responses to at least three different 
liver function tests (bromsulfaloin, hippuric acid thymol turbiditj and cephalm flocculation) 
From the data in Table I\ it nia> be seen that the curves were practically identical to each 
other and to tlie curve presented ns tho average of all normal aJults The fastinj, blood levels 
we toward the higli range of iiornml but tlic response to tho infusion is strikingly close to 
the average 


Tyble I\ Blood Glycine Concentrations Obtainld in Two Pytients With Portyl 
Cirrhosis Given the 0 2 Gii Per Kilogram Body Weight Dose op 10 Per Cent 
Glycine IN Saline Compare With Curve A Fig 1 


TIME 
(illN ) 

1 1 

BLOOD LEVELS 

II 

0 

- 8 Dig 

3 0 mg /100 ml blood 

30 

32 0 

31 0 

90 

76 

78 

150 

5 6 

54 

210 

50 

4d 


COMMENT 

The intiavenous doses of gljcme leqiuied to pioduce signs of distress 
in dogs (10 Gm pei kilogiain) coiiespoiid closely to those lepoited In 
levns,’* Rikei and Gold ‘ind Loomis and Quick*® The do^^ that showed 
fiom the dose on one occasion and not on a sul sequent tiiil had i 
'’^’bbtlj lowei m iximuni blood le\el on the second occasion (70 0 mg pei 100 
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ml as compaied with 74 0 on the fiist) It is notewoithy that the blood eon 
centiation piodiicing symptoms is similai in the dog and man, although the 
dose pel unit of body weight lequiied to pioduce them is two and one half 
times gieatei in the dog In view of the fact that all subjects toleiated the 
12 to 16 6m (0 2 6ni pei kilogiam) intiavenoiis doses, even in the shod 
injection time employed, it may be said that tins lepiesents a safe dose 


Chiistensen and associates® and Gutman and Ale\andei,^^ the only m 
lestigatois who have published lesults of specific deteinimations of glycine 
in blood by the method used heie, haie lepoited fasting levels slightlv louei 
than those obtained in these expeiiments Initial levels m then subjects 
langed between IS and 2 3 mg, aveiaging 2 0, while the lesults pieseiited 
heie aie based on fasting levels of 2 4 to 2 8, aveiagmg 2 6 Theie was a le 
maikable constancy of this chaiaeteiistic in individuals tested lepeatedly 

The appaiently “iioinial” blood level ciiives obtained in the two sub 
jects with ciiihosis aie eonsideied an indication that a “glycme toleiance 
test” along these lines would have no diagnostic value in this disease, wheie 
the deficiency with lespect to glycine is in the late of supply lather than ui 
the metabolism of the amino acid piovided exogenously In this connection, 
howevei, the woik of Weiehmanii and Dominick on toleiance of mtiavenoi^ 
glycine in health and diabetes is woithy of mention They have denionstiate 
that following the admimstiation of glycine the amino acid nitiogen content 
of seium 1 etui ns within noinial limits much moie lapidly m healthy than m 
diabetic subjects'® Insulin caused a fastei letuiii Duplication of t ese 
expeiiments, using the specific glycine deteiniinatioii, might pioduce even 
11101 c deal cut lesults 

Pitts has shown that of the loui amino acids (glycine, alanine, 
acid, and aiginme) the late of lenal tubulai leabsoiption is logics 
glycine'® This piobably accounts foi the stnkingly low 
changed glycine even when the blood coiiceiiti atioii is as much as t ni j 
the fasting level 

The abiupt diop in the blood level, without conespondnig ininm} e 
tion, duiiiig the fiist houi aftei the infusion is an indication o e i^^^^ 

with which the glycine is metabolized The woik iiiiolved m 
deamination and ledistiibution of the lesultmg fi actions is re ecj^^ 
elevated caloiic piodiiction No pievious lepoits of specific 
of amino acids administeied mtiavenously to human beings co 
in the liteiatuie Inasmuch as the necessaiy total nitiogen me a o^^^^ 
were not undei taken, it is not possible to expiess the lesults o a ^^ggested 
that 1 elate them to the quantity of given substance iiietabo izec , gjjcme 
by Peteis and Van Slyke The metabolism effect obtame leported 

administeied by vein coiiesponds geneially m magnitude ivi 


by Gubner and associates to follow oial ingestion 


of specif"' 


Lusk showed conclusively that the inei eased heat Neverthe 

dynamic action camiot be utilized for the peifoimanee o activitv 

less, the possibility lemains that this heightened state o 
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which cau be induLed by the administiatioii of a piactieallj nontoxie, readilj 
available ammo aeid might well be desiiable foi example, in medical and 
surgical convaleseentb The nsboeiated augmentation of peiipheial blood flow 
cannot be ignored In any condition iii which the depression of the body’s 
abilitj to supply glycine is known or expected (as in pieopeiative fortification 
of the liver for bihary tract surgeij), the body should piofit fiom paienteial 
gljcuie in much the same mannci as it docs fiom glucose 

SUMM VRi 

Gljcme plays an impoitaiit lole in the svnthesis of body piotein cieatme, 
gljcoohohc acid, glutathione, line acid, and heme It is appaienth essential 
111 detoxication and exhibits remarkable vci’satility in general metabolism The 
possibihty of depiession of glycine synthesis in abnoimal states should be 
recognized 

Blood and lume studies following the mtrav enous admmistration of glj cnie 
are presented to demoustiate tlie lapidity of its metabolism and its lack of 
toxicit) even in high hlood coiiccntiations Specific djmamic effect is obtained 
when It IS given by this route 

As an adjunct to the usual paieiiteial piotem tlieiapy gljeine may be ad 
nuiustered intravenouslj with safety and with beneficial eftect when oial feed 
mg is not possible 
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DLTLRi\IINATION OF ANTIBODY CONTENT OF 
lA^IPHOlD CFEL EXTRACT'^ 


Fhvnces Spfvu, B V S 
Ml) 

R ecent mvestigT,tions^ of the lolc of 1\ mphooj tes> in antibod\ foimation 

ha\e focused attention on the leclimcal difficulties of seiolo^ic titiation with 
small volumes of cells Tlie pusent woil lepitsents an nucstigation of the 
reqununenta of sciolo^^ic technique using the small cell \olume aeailible fiom 
the Ivmph oi h miih nodes of expeiiment il anini ils 

The hmph was obtained fiom the cfieiont \essel ot the popliteil node of a 
rabbit The cell content of the hmph w is detenmned using a white blood cell 
pipette and a stand iid counting chambei as used foi i)euphei il blood e\amma 
tion The total cell ^olume was estimated b\ the foimula of Hams and co 
i\orkers^ in which cell volume in nidhlitcis equals the cell count in thousands 
times 0 002 times the number of miUilitcis of iMiiph The total cell volume 
a\ailablo iii oui evpeiimcnts \ uied fiom 0 001 to 0 01 nnlhlitei It was felt that 
the smallest volume that could be pipetted with ^ccu^ae^ in this woiE was 0 05 
nullUiter Emplojmg the pimciplc of Hcmohtic Svstem Adjustments ^ the 
following pioceduie for diluting hmph e\ti lets was followed using 0 2 ml 
pipettes graduated in 0 001 ml and test tubes 10 b\ 75 millimeters 


1 0 05 ml substance 

- 0 05 ml substance 0 05 
3 0 05 ml substance 0 1 
j 0 05 ml substance 0 15 
5 0 05 from tube 4 0 05 

^ 0 05 fiom tube 4 010 

' 0 05 fiom tube 4 0 15 

o 0 05 from tube 4 0 05 

0 05 from tube 4 010 

iO 0 05 from tube 4 0 15 


nii\ iemo\e0 05nil to contiol tube 

ini\ discaid 0 1 ml 

mi\ tiansfei 0 05 ml to tubes 5 6, 7 

rai\ discaid 0 05 ml 

mi\ discaid 0 10 ml 

mi\ tiaiibfei 0 05 ml to tubes 8 9 10 

mi\ discaid 0 05 ml 

mix discard 0 10 ml 

mix traiisfei 0 05 ml to tubes 11 12 13 


FACTOR 

1 

2 

3 

4 


12 

16 

32 

48 

64 


To each tube 0 05 ml of Salmonella tijplwminum antigen (deiisitj equal 
to McFarland tube mimbei 5) was added racks weie shaken and incubated in 
^ "ater bath at 37° C for two lioiiis wcie left in the cold lOom oiernight and 
•■ead the following moinni„ 

\ lomimnson of tins method of dilution ind the iibual maeiomcthod of 
“aplojing 02 ml of mateinl in bciiil dilution in 02 ml ot saline is ouen 
OR tile following page 

* 11 *^ ^thologj Laboratorj Experimental Bioloei and "Medicine Institute National 
Received for publication Julj 5 1918 


1503 



1564 


SPEAR 


MACRO 

Dll 10 20 40 80 160 320 640 
Seium 

1 4 3 2 + + 

2 4 4 3 + + 

3 4 4 4 4 4 +++ ± 

4 4 4 4 + + 

5 4 4 4 4 ± 


MICRO 

10 20 30 40 80 120 160 320 

4 4 '4 3 ± + 

4 4 4 3 + 

4 4 4 4 4 4 + 

4 4 4 3 2 + ± 

4 4 4 3 2 + + 


Lymphoid cell e\tiacts weie piepaied bv iieeziiig and tliaiviiig, lutli and 
without pieliiniiidiy ■washing of the cells After the lymph had been diaira, 
and the count taken, the lest ot the lymph was measiiied into a small test tube 
and centiifuged at 2,000 levolutions pei minute foi five minutes to sediment the 
cells The lymph w’as withdiawn with a capillaiy pipette and saved foi testing, 
the cells lemained ui the same tube To the estimated volume of cells, a volume 
of saline was added which would give sufficient mateiial toi testing wutli a 
minimal dilution factoi foi the cells Lysis of the lymph cells to evtiact anti 
bodies was eftected by fieezing wuth diy ice and thawnng at 37° C This process 
was repeated tliiee times A cleai supernatant was obtamed by ceiitiitugatioii 
and used in the serologic test outlined 

In addition, expeiiments w’eie carried out in which the Ij'mph ivas divide 
into two poitions One poition was treated as pieviousl} outlined In t e 
pioeeduie with the other, instead of extiacting the cells m the saline, they were 
gently lesuspended and centiifuged, and the saline was removed and save oe 
testing The cells weie lesuspended in a like volume of saline and siibjecte o 

the lysing pi oeess , a tie 

111 the example of lesults given below', the labbit had been mjecte in 
left foot pad with 1 cc of S tijpkimwium suspension equal in densi v 
McPailand tube nunibei five 


Antibodv' titei of unwashed cells of lymph fiom light popliteal no e - 
Antibody titei of unwashed cells of Ijunpli fioni left popliteal ^i°he Vp^atne 
Antibodv titei of washed cells of lymph fiom right popliteal no 
Antibod'V' titei of washed cells ot lyunpli fiom left pophteal no e 


Antibody titei of saline wash of right cells ^ 23 

Antibody titei of saline wash of left cells 2 260 

Antibody titei of light lymph 2 160 

Antibodj' titer of left lymph 2 480 


Antibody titei of seium ^ 

It appeals that the apparent high titei of extracts of cells ot 
entiielj oi in large part due to small amounts of Iv'inph adheren ^^jjggted 
cells, 01 to the sides of the tube Therefore these effects were 


further placed m a 

Poiu tenths mdlilitei of a serum with a titei ^j21ai) 

small test tube and the serum was carefully lemoved witi ^ 

A v'olume of 0 05 ml saline was delivered into the same tes ^2 salm® 

with a capillar -v pipette, whereupon a second volume 0 0 positive m a 

was added In serologic measurements the first salme vvasi 
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dilution 1 256» and becond w isli was positi\c m a dilution of 1 12 Had the 
titer of the salines been calculated in rofeience to a h\ iiothetieal volume of cells 
(00025 ml ) which had been fiozen ind thawed to c\1rut immune bodies the 
titer of the first wash would ha\e been 1 2S56 the second wash 1 324 Hence 
the presence of tiaces ot fluids containing immiiiiL bodies ^loath distoits 
titem whicli aie comjmted with icfucncc to extiacts of e\tromeh small \ohimcs 
of cells 


Again multiple washes weie used to eliminate the effects ol tiaces of bod} 
fluids 111 an imestig ition of the e\tiacls of tells of the popliteal node The 
detailed procedure was as follows The popliteal nodi was weighed and placed 
m a small beakei with i \olumc of saline nine to nineteen times its weight 
The node was cut sulhuuitl} to peiinit the leic isc ol the lells \ct leivc the node 
tissue m one minced section icndering hlti ition uniiceo'^san Aftci u cell count 
had been taken tlie cell saline suspension was measuKil info a small test tube 
and centrifuged (1 000 x gia\itv) foi fi\e minutes The supernatant was 
carefullj witlidiawn (refeiied to below as wash 1) and sa\ed for testing 
Droplets of fluid ohseived on the sides of the test tube weie remo\cd with a 
clean cotton swab Finplo} lug the same test tube the \olumL of ci Us (computed 
as count m tliousnnds x \olume m milhhtcxs x 0 0002) was ususpended in ficsli 
saline an amount winch was a multiple of the \oIumc ol cells and „a\c suffic 
lent material for testing Aftei this second suspension had been centnfuged 
the supernatant was withdrawn and sa\cd as wash 2 


The cells woic then suspended m an amount of distilled watei equivalent to 
lalf of wash 2 Vftei the cells had been Used thiou^li the combined effects of 
(istiUed watei and alternate ficczing and thawing i volume of 1 7 pei cent 
‘’OUium chloride solution equal to the amount ot distilled watei was added The 
mixture was shaken, allowed to stand then centrifuged The miciotcchmque 
''us used to estimate the amount ot aiitibodv piesent in the cell estraet as well 
the washes V tyincal result is piescntcd 


Wash 1 titer 1 80 (projioition computed foi weight of node) 
Wash 2 titer 1 30 (propoition computed foi volumo of cells) 

Cell extract titei 1 16 (piopoition computed foi volume of cells) 


SUMMARY 


The present woik represents an investigation of the leqiiiicments ol* sero 
ogic technique using the small cell volume avail ible fiom Ivmpli or Ivmph nodes 
cxpeiimental animals 


The experience of this lahoiatoi"} indicates that especial caie must he ex 
crciscd m the interpretation of titei-s because small caiivovei’s of fluid containing 
untibodies maj greatl} distoit lesults if these aie cxpicsscd in tcims of cell 
■volume 
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THE EFFECT OF NITROGEN MUSTARD AND X IRRADIATION ON 

BLOOD COAGULATION 


Leon 0 Jacobson, M D , Edna K jMarks, Evelyn G\ston, 
J Garrott Allen, M D , and Matthew H Block, M D ** 
Chic vgo, III 

INTRODUCTION 


A llen, Jacobson, and associates' ‘ lepoited that exposure to lonizmg ladi 
ations produced a piolonged whole-blood coagulation time (Lee-IVliite) m 
dogs and iii human beings as a lesult of the appeal ance in the lilood of an anti 
coagulant biologically siniilai to hcpaiin Moie leeentlj'^ Smith, Jacobson, and 
CO woikeis obseived a piolonged whole-blood coagulation time in five patients 
given theiapentic doses of nitiogen mustaid (methyl-bjs-(/?-cliloroetliyl) amine 
livdiochloiide) This clotting defect was identical to that reported b} Allen 
and co-woikei’S in the dog and human being lollowiiig exposiue to lonizmg 
radiation in that the clotting time could be letuined to noimal both in vivo an 
in vitro by specific autihepaiin substances such as toluidine blue and protaniiiie 
sulfate The piothiombin time and the ealcium and fibiihogen blood leves 
weie within noimal limits in these subjects Imt each had a seveie leucopema 


and thiombocytopenia , 

Reports bj" Jacobson and associates,® Spun and co woikeis,' an oe 
and co-woikeis® have pointed out the toxic effects of nitiogen mustau on 
blood and blood-foiming tissue of patients who weie given this 
tieally Although these authors lepoited pancytopenia, a piolonget ^ ° 

time, ecchymosis and cutaneous and mucous membiane petechiae, no o 
tion of significance in the whole-blood coagulation time was descine 

The dosage and schedule of aduiinisti ation of nitiogen 2 mg 

five patients lefeiied to weie as follows Two patients weie o''®'' rpjje in 
pel kilogiam of bodj'- weight inti avenously on foui consecutne mie 

jections weie administeied twenty-foui houis apait and the tota co^ 
was 25 4 mg and in the othei 26 8 railligiains One patient houis, 

jeotions of 0 1 mg pei kilogiam of body weight at inteivals o , jig of 


kilogLlIll, 
1 n se\ei® 


jeotions of 0 1 mg pei kilogiam of body weigiit at iniena ^nections of 

the total dose was 22 4 milligiams One patient was given oqO 

01 mg pel kilogiam at intervals of seven hours, the tota^ c^o^ hilog'*'”'’ 
milligrams One patient was given two injections of 0 3 j, se\e‘0 

each SEX hours apart, the total dose was 38 milligiams patieiik 

henioiihagie state, teiniinatuig fatally, developed m all o l^^matioii '" 
led us to suspect an impurity or some intiamoleculai othm P‘* 

drug 01 unusual sensitivity of the patient to the ding 

jl,e DepiO'''"'® 

Fiom the Biolog> Di\ision of the Aigoniie National Lahorato } 
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Receded for publication Aug 14 1948 Wpaltli Seruce 

•Senior Research Fellow Cancer United S'^'®®,,^}l|’,„ndation of O'p Coinn 
bv a grant from the tnieiican Cancer Societi on recoiiime 
of the National Research Council 


1506 



EFFECT OF MTROQEN MUST ^RD VND \ IRR VDLVTION OV BLOOD COAGULiVTION 1567 

tients tieitetl ^\lth the same lot mimbex of the cliug and with similai total 
dosage did not manifest this clotting defect noi Ins a new supiilj of this ding 
produced such a toxic leaction 

Because of the i ithei widcspicad cliiiicdl use of nitiogeii mustaid m the 
tieatnient especially of neoplastic diseases of the hemopoietic system and the 
senous implication of hemoiihage, studies in expciimental animals were un 
dertaken to elucidate furthei this effect 


iLVTERlVLS VND METHODS 

Swift ’a snuffle free rabbits of urnform age and weiglit (2 5 to 3 kilograms) were used in 
this stu(l> Prenoua studies witli nitrogen mustard in our laboratorie'*^ indicated that a single 
intravenous dose of 3 0 mg per kilogram of bod} weight produced a distructive effect on 
the hemopoietic sjstcm of this strain of rabbits approximate!) equivalent to 800 r total bodv 
\ irradiation Tlie effect of both of these agents on the whole blood coagulation was studied 
•iimultaneousl} for comparative purposes 

Technique of \itTogcn llustard Admmtitration — V dose of 3 mg of nitrogen mustard 
per kilogram of bod) weight was injected slowly into the marginal ear \eui of the rabbit im 
niediatelj after the chemical had liccn dissolved m phjsiologic saline A concentration of 
1 mg of the drug per 1 cc of «aline was used suicc this conccntratiou producel no sloughiug 
of the ear tissue and did not obliterate the ear vein 

Technique of X IrrdJifltioii — The xrajs administered in these experiments were gen 
crated oa a 200 kv machine operating at 15 milhaDipercs A 0 o mm copper filter and a 1 
aim. aluminum filter were used The half value lajcr m copper of the filtered beam was 0 98 
nuUimctcr The exposure was measured with a Victorecn condenser r meter equipped with 
a 100 r cliambcr Measurements wero made in air wathin a treatment box at the position oc 
cupied hj the center of the animal s bod) Victorccii chambers of 2o0 r full scale readings 
Were used as monitors 

hematologic Studies — 

ir/iole Idood Clotting Ttmc The clotting timo of tho wliole blood was determined at 
room temperature b) a modific ition of the Lee \Vliitc metliod „ Wiolo blood (Oo cc 
amounts) was measured into five or six small test tubes (10 by 75 mm ) and 1 c c, amounts 
"era pipetted into two or three large test tubes (13 b) 100 mm ) The larger tubes were not 
examined until clotting had been established la the small tubes The time which elapsed 
"een obtaining tho blood (first appearance m the syringe) by cardiocentcsis and the 
^ ting of two consecutive tubes which had not previously been manipulated was cousidered to 
the whole blood clotting time, and tlic blood was considered to be clotted when it remained 
“rm upon mversiou of the tube 

Tlatelet Determination — Platckt counts were made b) drawing blood to the 0 5 mark 
a whito blood diluting pipette aud diluting to the 11 mark with a 1 8 per cent solution 
, prepared sodium citrate TJio pipette was gcntl) shaken for one minute after 

^ha 1 ^^^ ®°^*re content of the pipette was allowed to flow into a small Lusteroid conical 
cells h aside at room temperature until sedimentation of the red 

ad occurred The platelet counts were then made on tho plasma whenever tune per 
““W («.thm tnentj four hours) 


Table I Augusts ok Pkotasiive &aLPVTE xsd Blood Used in tjie 
IIepvri-v Tolerance Test 


~3|3j4|5|6|7|8|9|l^ 
15 0 17 5 SFO 2lo 2o 0 27 5 30 0 3o 0 

0 25 0 25 0 2o 0 25 0 2o 0 25 0 25 0 25 0 2 j 

0 02 0 03 0 035 0 04 0 Olo 0 Oo 0 0o5 0 00 0 07 

tl m heparin In 3 c,c blood 

B protamine sulfate In 2 c.c normal saline 


— TOBL 

blood* ( 
''“"“‘otprotuimu. 
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Hepaun Toleiance Test — Modifications of the heparin tolerance technique developed bj 
Allen and co workers* m ere necessary to avoid the repeated inthdran al of large amounL 
of blood from rabbits Protimm sulfate which iias weighed on an analytical balance ivas 
dissolved in physiologic saline in a concentration of 1 mg of protamine to 2 c c of salmc 
This solution, which was prepared every other day, was titrated into a senes of ten small 
test tubes (10 by 75 mm ) as shown in Table I In performing the test, 3 5 cc of blood 
obtained bj cardiocentesis weie immediately idded to a tube containing exactly 0 02 cc of 
liquid heparin and gently inverted twenty times Immediately thereafter, 0 25 cc of this 
heparinized blood was added to tubes containing the graduated amounts of protamine sulfate 
described Each tube then was shaken gently iiid set aside at room temperature At the 
end of one, three, and twenty four hours, readings were made to determine the mmimum 
amount of protamine sulfate necessary to cause tlie blood to clot Normal rabbit blood re 
quires 17 5 to 22 5 7 protamine to bind the heparin in the amounts used With one excep 
tion, the one hour readings arc reported in this communication 

Prothromiiii Studies — Prothrombin determmations were made according to the Lmk 
Shapiro modification of Quick’s method n Commercial thromboplastin (Maltme) and botli 
diluted and undiluted blood pi isiiia weic used in these determinations 

Calcium and J’lbniior^en —Calcium determinations were made on the blood serum by 
precipitating the calcium as an oxalate according to the method of Clark and Colhp 12 The 
piesence of fibrinogen was noted by heating the plasma to 58° C m a water bath No quau ‘ 
tative fibrmogen determinations were made 


GENERAL PROCEDURE 


Rabbits xveie divided into tliiee gioups for the mtiogen mustard 
meiits Gioup I leceived nitiogeii mustaid (3 oi 4 mg pei kilogiam o o ) 
weight) iiitiavenously Gioup II leceived 3 oi 4 cc of physiologic sa 
kilogiani of body u eight iiitiaveuouslj’’ Gioup III consisted of norma 
treated animals that received neither nitrogen mustard noi sahne 
was used as a solvent for the nitrogen mustaid, Group II animals gj, 

saline served as a control for Group I, while Group III which lecene^ 
nitrogen mustaid nor saline served as a control for both Groups an 
Approximately 10 c c o± blood weie withdrawn from the rabbit by^^^ 
centesis using a dry 18 gauge needle and a diy 10 c c syringe ^ ^ 

half cubic centimeters of this blood were immediately tiansfeiie o 
ated centrifuge tube containing 0 02 cc of liqiud heparin for of 

eiance test, 0 9 c c of blood was transfer red to a tube containing 
sodium oxalate for the prothrombin determination, the blood 

pipetted ill 0 5 and 1 c c amounts into a senes of test tubes for 


clotting time as previously described ^ ^.^bbit 

Only one attempt was made to obtain blood from the ° ^ood 
AVhen that xvas unsuccessful no further attempts were ina e o o 


til the animal had rested (at least two hours) toleian*^® 

After a prolonged clotting time and an abnormal (61 

had been established, one group of animals was given to tieated 
cent dye content) intravenously, while another ^ ^^gjg given w 

protamine sulfate Both toluidme blue and protamine ^ g gj toluid"'® 
concentrations of 1 mg per Ice saline The dose* o j.jygiy, per kila 

blue given per injection were 3 and 4, and 2 and 2 5 mg , les 
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gram of body weight One gioup of animals that iecei\ed 3 mg of nitiogen 
mustard per kilogram of bod} weight icmaiiicd iintieated for comparative pur 
poses 

jVnimaL exposed to 800 i total bod} X ladiation weie treated similarlj 
one group receiving cither toluidine blue oi protamine after a prolonged clotting 
time had been established, while anothei gioup remained luitieated 



Fifi lA— Average clotting timo (I cc blood) platelet values, and heparin tolerance test (one 
hour results) In normal rabbits (blood obtained by cardlocentcsls) 
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RESULTS 

The mean aveiage of the whole-blood clotting time m noiuial untieated 
labbits vaiied fiom 8 to 16 minutes in tubes containing 1 c e of whole blood 
The platelets of the noimal labbits vaiied eonsideiably but weie usually be 
tween 250,000 to 500,000 pei cubic millimetei The hepaiin toleiance test gave 
faiily constant lesults in noimal labbits, 17 5 to 22 5 y of piotamine sulfate 
weie necessaiy to pioduce a clot in hepaiinized blood piepaied as outlined 
Thus clotting occuiied noimally in tube 4, 5, oi 6 (see Table I) The mean 
aveiage lesults of the whole-blood clotting time, platelets pei cubic millimetei, 
and the hepaiin toleiance lesiilts of seven untieated noimal animals aie shown 
m Figs lA and IB Fig lA illustiates the fluctuations in these deteiminations 
which a single animal may exhibit duiing a twenty-foui day peiiod of ob 
seivation Noimal annuals on which such deteiminations are made at fie 
quent inteivals ovei a peiiod of thiity days oi moie usually exhibit less van 
ation than this individual animal illustiates 
Effect of Niti ogen Musiai d — 

Clotting Time A piolonged clotting time of the whole blood occuired 
aftei the intiavenous injections of 3 oi 4 mg of nitiogen mustaid pei kilogiam 
of bodj weight Fig 2 shoivs the eftect on the clottmg time of sixteen rabbits 
given intiavenous doses of 3 mg pei kilogram An inciease in the length of the 
clotting time was piesent twenty-toui horns aftei iiitiogen mustaid adnimistia 
tion, leached a peak in cu ca foui to seven days, lemamed high about ten days, 
and letuined to a noimal value in the siiiviving animals by two weeks The 
effect of nitiogen mustaid on the clotting time of an individual aiumal is 
shown in Fig 3 The pattern of individual i espouse is similai to the mean 
values shown in Fig 2 except that the clotting time was not infieqiiently pio 
longed to 50 and 60 minutes in individual animals 

Platelets — The data fiom sixteen animals studied consecutively a ^ 
nitiogen mustaid admimsti ation aie shown in Fig 2 The mean 
decrease in the platelets per cubic millimetei had occuiied by the foiu 
aftei nitiogen mustaid admmisti ation, and lemamed below noimal 
CDca seven days The lowest mean platelet level (150,000 pei cu “ 

metei ) did not jiai all el the high iieak in the clotting time on the sei 
but the letiiin of the clotting time to noimal limits paialleled the 
the platelets to noimal values Even moie sti iking is the fact that t 
time in piaetically all animals had incieased pnoi to a significant 
in platelet values These facts aie cleaily illiistiated in individua an 
is shown 111 Fig 3 t d on the 

Hepatin Toleiance — In general, the effect of nitiogen gjottmg 

hepaiin toleiance paialleled the effect on the clotting time g^jfate v''® 
time of the animal lose, a greater concenti ation of piotaniine 
necessaiy to pioduce a clot in the hepaiui tolerance tubes ni o 
IS illustrated in Figs 3 and 6 piesent m 

Fibiinogen and Calcium — ^^Vithout exception fibiniogen ^ ,austaid 

all plasma samples The blood calcium deter mmations of t cm 
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TIME (doys) 

-Clotting time (I c c blood) and platelet \Qjues Jn olxtccn rabbits following the Intra 
ous aumlnlatratlon of 3 mg per kilogram of nitrogen mustard 



TIME (doys) 

fadings) ?n (lee blood) platelet values and heparin tolerance test (one hour 

Wustard ® rabbit (0«33) following the administration of 3 mg per kilogram nitrogen 


Her ^ with delajed clotting and an abnoiinal heparin toleiance test 

laiige (13 to 14 rag pei cent) 

tiou 2ime — stated, blood foi a piothiombin time detenmna 

toltran^"^ ®^>tanied simultaneously tMth blood foi clotting time and heparin 
^’•‘'tance'^ ‘^cteiinmations in all contiol and mnstaid injected aminals In no 
prol ^ piothionibni time obseived in animals which had a 

i\it». t-lottiiig time 01 abnoimal liepaim toleiance test as a lesult of the 

mustard iiitoMcation 
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TIME ( days ) 

Fig 4 — Average clotting time (1 c o blood) and platelet values in sKteen rabbits after fiOO r 

total-body X Irradiation 



big 5 —Clotting time (Icc blood) platelet values and heparin toleranM^ 
suits) In one rabbit (0702) after 800 r total-body X irra 

Effect of X-Rays — Exposuie to 800 i total-body X 
lesults similai to those desciihed following nitiogen miistaic a ^ ^ t„,ie 

- - . T (» _ . 


test (one hour rc 

ocluced 
itldtlOH 
lod Ot taue 


except that the piolonged clotting time peisisted foi a leduted 

and the platelets, which weie leduced by the fifth day, group 

foi a peiiod of seven days oi longei Fig 4 is lepiesenta ive 
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of sliteen Rninnls The Iiepaim toleiance test clotting time and platelet 
values of one annual following u.ad.atiou aie shown in Hg 5 These resu L 
are representatn e of those animals which did not sui Mve 

Prothiombiu time lemained unchanged in the animals exposed to 800 

L^ts ^dlrino -"-I 

limits and fibrinogen n as present in all plasma samples 

Suft^ances on the P,olonycd CloiUng Induced by 
idme blue oi n t”*" ^ effect of intiai enoiislj administered tolu 

»™als nith a nitiogen mustaul induced piolongation in the clotting time 




"‘S Pei k I nidieidual animals Single doses of from 3 to 4 

er intrav * toluidine blue weic administered eithei intracaidially 

tolerance™”^ ^ 'em), and obseiiations on the clotting time hepaiin 

■ejection' Tl ^ “*‘^*“* values were made at tuo and twenty four horns aftei 
"as folloi i*° 1 *™^ Piocediiie with a dosage lange of 2 to 3 mg pei kilogiam 
The '"ff " effect of protamine sulfate was similailj investigated 

sulfate *oi*^tb°*^ intravenous injections of toliudine blue and protamine 
(liiadual r hl^ l>lood clotting time and hcpaiin tolerance test of an in 

Tig ^®"°'™is 3 mg per kilogiam of mtrogeii mustard is shovwi 

‘"S tune f "'‘■■‘"'inous injection of 2 mg of protamine reduced the clot 

roni 48 to 8 minutes in two hours The amount of protamine ueees 
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PLATELETS 


lOAM 

toluldine blue 
3 ma/kg 


0 3 ma 

1 9am . 


CLOTTING TIME 



Incoagulable 
with SSjf 
protamine ' 


TIME (days) 

— The effect of toluidme blue on the prolonged clotting time (1 o®- 

heparin tolerance (one-hour readings) m a rabbit (0780) following 800 r 
total-body X iriadlatlon 


PLATELETS 

HEPARIN 

TOLERANCE 


lOAH 4PM 


protamine sulfate 
I 5mg/kg 


TIME (days) 

loftin'^ tin**- 

I * I — Effect of repeated doses of protamine sulfate on the boch A. Irrulia 

platelet values and heparin tolerance in a rabbit (070-1) following SOO r 
tion 
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sary to produce a clot in the hepniiii toleiaiiee test was reduced fiom 25 to 
10 y dining the same period The iiitraienous injection of 3 mg of toluidine 
blue pel kilogiam of body iv eight gaie similar results in the same laiibit six 
dajs after the first injection of protamine aiheii the clotting time uas again 
prolonged After the toluidine blue injection, the clotting time diopped fiom 
6a mniutes to 42 minutes in two houis, and then to 3a minutes in twenta 
four houis Another injection of 4 mg of toluidine blue reduced the clotting 
tune to 22 minutes in two horn's, after which the animal made an unei entfiil 
recovery 

No signifioaut change aias noted in the iiumbei of platelets per cubic 
millmietei folloinug the injections of toluidine blue oi piotaniuie sulfate 
Without exception in the piesence of a nitiogen miistaid induced pro 
longation in the clotting time, the intiavenous injection of toluidine blue in 
1 01 4 mg pel kilogram doses oi of protamine sulfite in doses languig fiom 
15 to 2 5 mg per kilogram siguificantlj reduced the clotting time In some 
nistaiices the clotting time iias reduced to the iioinial i inge ha two hours oi 
significant lediiotion m the clotting time avas piodiiced b) two horn's but uas 
not reduced to the uoimal range In others, the clotting time was sigmficantly 
reduced by trio hours, reached the noimal range tiientj four houis attei in 
jectiou of toluidme blue but by forty eight houis ains again prolonged 

In lahbits exposed to 800 i total body X ladiation the effects of toluidine 
Uiie and piotaniine sulfate on the piolonged clotting time aie shown in Figs 
lA and 7S Although the clotting time was reduced in rabbit number 0780 
(f'lg 7A) fiom 41 minutes to 18 minutes in two hours after the intiavenous 
adnumstratioii of 3 mg of toluidine blue pci kilogiam of bodj weight the 
effects on the heparin toleianee test avcie not icmaikable The following 
ffaj the clotting time was again prolonged (30 minutes) and an incieased 
auioimt of piotamine was necessary to bind the hepaiin in the heparin tol 
eraiice test Before anothei injection of toluidine blue could be administered 
the animal died Occasionally as in tlus animal an abnoimal heparin tolei 
“We fails to revert to noimal two lioui-s after the intravenous administiation 
“t an antiheparin substance even though the clotting time was returned to noi 
“al 01 significantly reduced By twenty four houi-s after toluidine blue oi 
hrotaimne injection however the hepaiin toleianee was noimal if the clotting 
tune had leturned to normal 

Annual number 0764 received piotamin sulfate in 1 5 mg per kilogram 
amounts mtiavenously at 10 v m and 4 p xr when the clotting time was 43 mm 
J'tes and when 35 y of piotamine did not clot the blood in the hepaiin toleianee 
“St The following daj when the clotting time was 34 mniutes another in 
IMtion of piotamine (1 mg pel kilogram) was given inti av enouslj Although 
e clotting time was reduced to 17 minutes in twentj four hours after the last 
‘“jection of the protamme sulfate the animal did not sumve It is likelv 
“t these animals died as a result of the caidiocentesis or from the genei il 
irradiation effects lathei than fiom the piotiiuine oi toluidine blue injec 

tJoiis 
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DISCUSSION 

A piolonged clotting time and an abnoimal “hepaiin toleiance” weie al 
most invaiiably pioduced in labbits given a single intravenous dose of 3 mg 
pel kilogiam oi moie of mtiogen nuistaid (nietliyl-bis-(;8-cliloioetliyl) anune 
hydiocliloiide) A similar effect was produced in labbits aftei exposure to 800 
1 whole-body X ladiation The piolonged clotting time appealed by tivent} 
toui liouis in labbits given nitiogen mustard, whereas significant piolongatioii 
ill clotting time was not consistently obseived until the second oi third day aftei 
iiiadiation Spontaneous lecoveiy fioni this effect occuiied eailiei in the 
mtiogen mustaid treated animals than in ixiadiated animals The effects ot a 
single injection (3 0 mg pei kilogiam) of mtiogen mustaid on the celliilai ele 
ments and hemoglobin of the peiipheral blood and the histologic effect on the 
hemopoietic tissues aie essentially comparable ivith those produced by 800 r 
whole-bodj’’ X ii radiation Recoveiy of the bone mariow and lymphatic tissue 
and letuin of the cellulai constituents of the peiipheral blood to normal values 
aftei doses of these two agents is moie lapid in mtiogen mustaid tieated 
amnials than in the iiiadiated animals® Smce, however, these two agents 
are not stiictly comparable m teims of selectivity and mechanism of action, 
one cannot expect the appeal ance of or recovery fiom laigely identical bio 
logic effects to be the same 

The mechanism of the piolonged clotting time and alteied hepaiin tol 
eianee, which appeals aftei mtiogen mustaid intoxication, is piobably ideiiti 
cal with that described by Allen and Jacobson® ui the dog after exposure to 
lethal amounts of X radiation, namely an inciease in a cnculating hepaim 
01 hepaiin-like substance This is substantiated by the facts that the pro 
thiombm time, fibiinogen, and calcium levels weie noimal in the anuna wi 
a piolonged clotting time, no fibimolysin was demonstrated, and aiitihepaim 
substances, such as tolmdme blue and piotamine, weie capable of leversmg 
normal values or significantly reducing the prolonged clotting time oi la 
mg lengths of time The recent report by Smith, Jacobson, and 
has shown that therapeutic doses of mtiogen mustaid pioduced tjs 
effect in the human being It is of interest m this connection tha 
required to produce this clotting defect in the rabbit with 
seven times the total dose usually used foi theiapeutic purposes in e 
being jjjgj 

In the original publication by Allen and Jacobson- it jogs 

not infrequently a prolonged clotting time was obseived m X-nia 
before thiomboeytopema developed In the rabbit, after intoxica 
either nitrogen mustard or x-ray, the clotting time is almost pthei 

eantly increased prior to significant reduction in platelet values gon 

hand, the maximum increase in clotting time roughly paial e s of 

comitantly with the maximum platelet decrease of 

both to normal levels occurs at practically the same time j^traveiioas 
clotting time and hepaiin tolerance to the normal range i^not 
administration of toluidine blue or piotamine sulfate ci 
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alter the platelet level These facts do not necessaiily indicate, however that 
platelets have no lole in the pioductiou of this “sj ndiome 

The results of these expeiinients *iie inteiesting from the standpoint that 
a clotting defect is pioduced by nitiogen mustaid which is simil u to that pro 
duced by ionizing ladiations It seems likely tint othei chemical substances 
ivith the capacitj to produce seveie damage to the blood forming tissue may 
likewise produce a prolonged clotting time in which hepaim or a hepaiin 
like substance is inaohed It is an impoitant fact that spontaneous lecoaeij 
from this hemoiihagic sjndiome produced b> eithei nitiogen mustard or ir 
radiation is possible It is also significant that antihepaim substances are 
therapeutically effective m the tieatmeiit of this s> ndiome 


SUMMARY VND CONCLUSIONS 


A prolonged clotting time is pioduced in rabbits by the lntra^enoas ad 
ministration of 3 or 4 mg of nitrogen mustaid pei kilogiam of body weight 
The same syndrome is produced in human beings aftei therapeutic doses of 
this drug The amount of piotamme necessary to pioduce clotting in the 
hepaim tolerance test is increased m those rabbits that develop a prolonged 
clotting tune 

The prolonged clotting time ocems m labbits after a 3 mg pei kilogram 
dose ivithin twenty four houis after administration and persists foi approx 
luiatcly twelve days Spontaneous iccovery oecui'S in survivmg animals by 
the twelfth to fouitcenth day A maximum i eduction in blood platelets oe 
curs by the fouith day in rabbits receiving 3 mg per kilogram nitrogen mus 
tard, with recovery by the twelfth to fouitcenth day Tlius the clotting time 
IS prolonged prioi to significant platelet leduttion Ho\\e\u, the peiiod of 
platelet reduction (fouith through twelfth day aftci nitiogen mustaid ad 
mmistration) roughlj parallels the period in which maNimum increase m the 
clotting time exists Spontaneous lecoveiy of the clotting defect and the 
return of platelet values to normal levels in the peiipheial blood occur at a 
comparable time (circa fouiteeii days) 

-iVninials Mhich developed a prolonged clotting time had noimal calcium 

cud prothrombin values * 

The prolonged clotting tmie and dccicased ‘ heparin tolerance'’ are le 
'^crsible "with antiheparin substances The anticoagulant present in the blood 
probably heparin or a hepaim like substance 

The clotting defect pioduced by lutrogeu mustaid lesembles that pro 
duced bj whole body X irradiation (800 i ) in rabbits and is also re\ ei-sible 
''Uth antiheparm substances 

It IS suggested that the iioteiitiallj seiious clotting defect maj be produced 
y other agents producing toxic effects diiectlj oi iiiducctlj on the blood 
forming tissue This should be borne m mind since a method of treatment 
^ available (antiheparm substances) which may make it possible to pass the 
period of potential hemorrhage until spontaneous icco\eiy ensues 




of the manuscript. quantltatUe flbrlnogcn 

^ In which a prolonged clottlnff time present after nltrof,«.n mustard 


prolonged — • • 

m these animals the flbrlnos®® values ^ere normal 


luiu 
u I 
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THE USE OP PLASMODIUJI VIV^VX PRESERVED BY FREEZING 
IN INDUCING JUL \RIA 
George II S yundkes, V D Dvvid W Tilmige 
St Louis jMo 


M D VND A iRciL Scott H D 


FaTemfnf n eoutinues to be yyiGoIy emploYed gi the man 

dememia ”* Parenchymatous foims such as 

of mdaL Inf 1 e! “P*'" “‘'“P’" ^ tl>e use 

I mefonoh , a sou.ce of pa.as.tes Eycu 

arpfr^^n^ ti ^^^^»^^sesofinahiidiiatuial]> acquned or delibeiattU induced 

effeotndY mth th' ^r>Wci foims of neuiosYphilis are non treated 

less fr«,uel if ^ ^‘••'‘■equcnth tieatment ivitli induced feier 

be troublesUe am) malain aie to be foimd It may 

centers and nni '?’® 1° '“ala* ’tl Wood trom distant medical 

aomuLt.oi b ‘Tlf ‘^1 “ood niai be 

remain Mabic "‘“““’ation is aceoniplislied Smce malarial parasites 

effeotne method foIT ‘*“aa «> fi'o dajs at most, a simple 

g * foi loufcei penods lias piai-tical \alue 

Peratuies f Quick freezing of malaiial blood and storage at low tern 
bas been used '^'c nnihble a supplj of Plasmodium vivax parasites nhicli 

'aateh forts mt ^ ‘^^“”8 H'e psst jeai to induce nnlaiia in appro\i 

Mrtj patients in hospitals in the St Boms ai ca 

iiioeulatioiis'm”'**^ briclij outlined the method used and cited successful 

Purpose of th "hull iicie dcsciibed in detail It is the 

cases ^ pi’Gsent papei to lecoid the c\pci]enee "with a largei senes oi 


omintaiued in tl”f " * micctious agents bacteiial and \iial can be 
S'e'eral Uncs frozen state As sumiiiaiizcd in oui previous communieation 
malaria Inv l” P^f"osenic piotozoa, including those of a\ian and monkej 
Pieservini^ similarly pieseived ' The only proiioush lecorded attempt 
'rauiff a nntl, plasmodia nas that of CoggeshalP nho ms unsuccessful 

®lo" thaivina°^mt,”‘^ ‘ m'oUed rapid freezing at -72° to -80° G foUowed by 
simihr oxen t +i ^ P^oceduie employed iii the piesent btud;> is fuiidamentilly 
P lat thawing has been effected lapidly rathei than slouly 


^ ^ ORIGIN OF PUIENT STRUNS 

acute episodo*of ^tram was isolnlcil April 8 1947 from ii 20 jear old vetenn durin„ 
^cu Guinea malaria H K Imd been exposed in the Southwest Pacific 

time while Philippinei, from June 1944 to December 1945 Throufjhout 

on routine quinncriiie suppression no clinical attiichs of malaria occurred 

‘Medicine and Internal Medicine Ua hington Uni 
Of ''ork dpL^ K , r Washington Unhersitj Clinics 

report was supported bj a grant from the National Institute 
for publication Sept S lOIS 


1579 



1580 


SAUNDERS, TALMAGE, AND SCOTT 


Suppressive therapy was stopped in December, 3945, when he returned to the United 
States, a few weeks later he suffered his first acute attack of malaria which nas followed 
bv repeated relapses, about ten in all, between Februarj, 1946, and April, 1948 Blood 
first was drawn for preservation on April 8, 1947, after three paroajsms, the last one 
having occurred four to si\ hours before venipuncture Blood films showed numerous 
amoeboid and younger forms of P vivax wath a parasite density of about 10,000 per mm 3 
During the course of the next jear, partly through oversight and the more frequent use of 
another preserved strain of P vivax, the H K strain was lost, but was recovered in April, 
1948, when H K again suffered i relapse Blood drawn a few hours after a shaking chill 
when the patient’s temperatuie was 39 2° C showed iiianj joung ring forms, about 20,000 
per mm a 


JV Y Strain — This strain was isolated June 13, 1947, from a 29 year old war veteran 
on the first day of a relapse While sen ing in the Philippines during 1944 1945, N Y 
suffered his imtial attack of niilaria Since dischaige from the Army he had been having 
relapses every two to three months At the time of blood withdrawal numerous young ruig 
forms of P vivax were present on smear, a parasite count indicated about 5,000 per mm a 


METHOD OF PRESERVATION** 

Blood from malarial donors was prev'ented from clotting by the use oi sodium citrate 
or by defibrination with glass beads Citrate was employed in a 4 per cent solution in a 
ratio of 5 parts of blood to 1 part of sodium citrate, giving a final concentration of ess 
than 1 per cent of the salt A part of the citiate was drawn into the collecting syringe 
in order to eliminate possible coagulation in the syringe, then the required anioun o 
blood was drawn and the contents of the syringe were added to a flask of 125 ml capaci y 
containing the remainder of the citrate Defibrination was accomplished by adding 
blood to a flask containing a layer of glass beads and shaking or rotating the con en 
gently until the fibrin collected in a mass about the beads 

After eitratiou or defibrination the blood was tiansf erred in 2 to 4 ml , . 

thin walled glass ampules, about 15 by 80 mm in size, and the ampules ^ 
flaming The ampules were then immersed in a prev lously prepared 
sisting of ethyl alcohol and dry ice at a temperature of -70° to -80° C 
immersed individually while being rotated rapidly in order to disperse e c^^^ 

citrated blood into a thin film on the inner surface of the ampule Freezing 

■frfifiZind niiAi-u**' 

accomplished in the couise of a few seconds After remaining in tn gjorage at 

approximately ten minutes, the ampules w ere transferred to a dry ice ox ^gPinet 

-70° C A commercial home freezer with i specially constructed ms ^ for dri 

containing a central space for storage of ampules and compartments a ^gfure to 

ice has prov ed satisfactory for this purpose Tlie entire process, roni v 
storage, was completed as rapidly as possible, usually requiring no onge 
forty five minutes Aseptic piecautions wei-e observed thioughout mniersion m a 

Ampules were removed as needed, rapidly thawed at the bedside 'U 
water bath at 40° C, aqd the fluid immediately was injected a 'oluwe 

cipient The usual inoculum consisted of the contents of two or t iree 
of 4 to 10 ml , although as little as 2 ml has been used successfully 


TRVNSFER OF STRAINS 

Following the development of clinical malaria, patients w^^ parasite, and 

numbers of paroxysms and during various phases of the life -(vere mamtame 

the freezing and storage process was lepeated Thus, the paren ^s^ performed "onfc 

K-«r cori«l TYfiQQOoro -Pri-vna rvnn TiDfiPTlt. t.O H^IlOthCr IllOCUltltlODS 


the freezing and storage process was lepeated Thus, the performed unffon® ' 

by serial passage from one patient to another Inoculations w^ necessary 

with material which had been frozen and resort to direct trans e ^ course 

‘Although the method described includes minor 
of the study the procedure has remained essentially u 
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DESCRIl'TION OP SUBJECTS 

Smco the bet,mnint, of the osponment a little more than a \cur 0^,0 n tot il of fift\ 
four subjects has been inoculated i\ith preseried P iiinj blood oni ubjict l)Ling inoculated 
twice, for a total of fift> ll\o uiocul itioiis Vll subjects uero patients u ith neuros\ phihn in 
whom malaria was being induced for therapeutic purpo es All were adults fort^ eight were 
men and six were women, all were white except one Jvegro and one Mexican of mixed blood 
The racial selection wms premeditated since it is well Known that Negroes are frequenth 
immune to vivax malaria The patients were ho pitahzed m ten differeut hospitals in tho 
St Louis area 


RESULTS 

Results of inoculation have been classed as successes failures nicoinplete 
data and lost to obsei\ation, according to the following ciitcria -Vu inoculation 
i\as consideied a success when it \\as followed b^ oial tempcratuies ot 37 8° C 
or more on at least one occasion foit> eight houi*s 01 luoie following inoculation 
m addition to the demonstration of malaiial paiasites in thick 01 thin blood 
preparations In successful cases the incubation poiiod was calculated as tlie 
tune m days from moeulation to tlie fiist febiile cle\ation 

Cases wcio official!) classed as failuics when parasites wort not found in 
the blood during the pciiod fiom about six dajs to foni or fi\e weeks aftei 
inoculation Howe\ei, two patients who had iiieguhr low giade fe\ci on the 
tenth to fouiteenth postinoculation dajs without parasites being demonstrated 
subsequently' de\elopod tjpical malarial parc^sms \ntli demonstiable parasites 
one fort) fi\e da^s and the othei se\entj eight dT\s aftei inoculation Hence 
it seems liKelj that some of the patients who weie classed as laihues after foiu 
to si\ \\eeks and who weie tlieu lost fiom obser\ation or gnen antimalaiial 
therapy might have de\ eloped malaria Cases classed as incomplete include 
those patients whose postinoculation peiiod is cunenth less than foui weeks 
'nthout clinical or laboiator) evidence of malaria and two patients who weic, 
^charged fiom hospitals less tlian thiec weeks after inoculation who de\eloped 
^ ills and fe\er at home, recoided tempeiatuies exceeding 39° C and who 
promptly became afebiile following antimalaiial theiapy blood smeais not 
a%ailable foi examination during the posthospital peiiod In tho two 
<^ases lost to observation the patients left the hospital less tiian a week follow 
moeulation and subsequent obseivations aie lacking 

Of the fifty five inoculations theie are at pieseiit foity six cases with data 
adequate to classify as success or failuies Table I shows that forty 01 87 
cent of the foity six, developed malaiaa, and six or 13 pei cent weiL 
^ assed as failures These six failed to develop nialaiia climeally and paiasites 
never demonstrated by smear ovei observation peiiods langing from 
foiu to ninety days 


Table L Results op Inoculation of P Vivvx Stilvins Preserved nv Irfezinq 


Huccesacs 

PailurLs 


I 


STBAIX H K. 


34 

4 


Incomplete 

Lost 


Total 


I 
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Sufficient infoimation lelative to possible stiain differences has not been 
accumulated thus fai Among the cases foi which we have adequate data, of 
thiity-eight inoculations peifoimed with N Y stiam, thirty, or 90 pei cent, 
have been successful , six, oi 75 pei cent, of eight inoculated with H K stiain 
developed malaiia 

In considering causes of failuie othei than technical eiroi, thiee factors 
deseive mention — previous malarial infection, lace, and the inadveitent sup 
pression of the malaria by drugs possessing antimalaiial activity Whethei an> 
of the SIX Imown failures had suffered previously fiom natiiially acquired 
malaiia and might, theiefoie, have been immune is not definitely laioira T\io 
of these patients, so demented that histoiieal information on this point could 
not be obtained, had lived in malarious regions One was a Gieek who had 
lived in his native country for an eighteen-yeai period, the other was a Mevieaii 
who was also probably part Negro A tluid patient, classified as a failure after 
forty-five days of observation following an initial inoculation with the H h 
strain, subsequently was leinoeulated successfully with the N Y stiain, the 
incubation period (sixteen days) being within the usual range In this patient 
the original inoculation was probably faulty since it seems less likely tliat strain 
differences would have influenced the result Failure may be explained in t e 
case of the one Negio subject on the basis of race resistance 

None of the forty ivho developed malaria are Imoivn to have had the nabn 
aUy acquired disease, but one had been previously inoculated (unsuccess JJ 
with flesh blood containing quartan parasites 

In refeience to antimalaiial drugs, it is well Imown, although 
widely recognized, that both the sulfonamides and tlie heavy metal an 
agents,*' including the aisenicals and bismuth, may abort oi suppress in 
with malarial parasites The same effect may be produced by even nimuj^^^^ 
of quinine comparable to those contained in some of the commonly use 
To 0111 Imowledge, none of the failures were related to the a mrs 
these drugs, although several of these patients rveie not under uo]! 

tion It may be of mteiest to refer to one patient who deve ® penicillu' 
vulsive seizures a few days after inoculation and a day oi two a j,gg,ijar 
therapy was instituted To control the- convulsions the patient was 
doses of phenobaibital, and Dilantin sodium, 90 mg three times a ‘ 
felt that his failuie to develop malaria might have been due to of con 

action of the barbiturates or Dilantin smce it is Imoivn g^ppogitioii tim 

plex organic compounds may act as antimalaiials To tes desired to tof 
Dilantin might act in this manner, one patient in whom i a period 

inmate malaiia was given Dilantm sodium, 90 mg three tmies a^^^ 
of four days He suffered a regular malarial paioxjsnr on duiiiro 
Dilantin treatment but was afebrile subsequently for ^ ^i^e patient 

malaria parasites were not formd m blood smears At t s ^ ^ ^^3 teiniinated 
given a course of ehloioqume to make sure the malarial m ec ^ ^ am 

In another patient, similar doses of Dilantm for three the 

apparent effect upon the malaria, and because of his cii ica 
was treated with ehloroqrrme to end the attack 


•But not penicillin 
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In attempting to analyze the results of inoculation tlieie are a number of 
variable factors, some of which maj be controlled and measured with reasonable 
accuracy, while others are beyond control and cannot be measured with present 
methods The measurable, contiollablo factors include parasite stimns, the 
number of parasites in the inoculum befoic freezing the stage of development 
of the parasites, the method of pi eventing clotting, the speed of freezing and 
thawing, the storage temperatures, and the duration of pieservition The 
uncontrollable, incalculable factors include the host resistance whethei due to 
previous malaria or othei factors including lace 

Parasite Strains — The differences in results of inoculations with the two 
strains used in this studj including the pioportion of successes to failures and 
the incubation period m the successes, aic too small to be of significance 

The Size of Inoculum — It might logically be assumed that few parasites 
might fail to produce malaria, or pioduce it only after a piolonged incubation 
period, and that a large numbei of parasites would produce malaria moic con 
siatently and with a relatively shoit incubation peiiod In most instances a 
rough parasite count was made on douoi's blood by relating the number of 
parties found in stained smears to the number of leucocji;es seen and to the 
otal leucocyte count But, althougli wc can thus estimate the number ot para 
sites m a given quantity of blood bcfoie ficczmg, it lias not been possible to 
etermine how many sui vive the freezing, thawing, and stoiing 
There is no evidence that the total numbei of parasites in the inoculum 
^ ore freezing accounted for success oi failure in producing malaria in the 
os In the six cases classed as failures the number of parasites was greater 
u e average than in tlie eases classed as successes and the blood had been 
reserved for shorter periods of time Furthermore when the successes are 
^TOuped according to number of paiasites m the inoculum as shown in Table II, 
^^ere is no evidence that the incubation period was altered significantly by in 
^ wsing the number of paiasites The length of time the parasites were stored 
am comparable in all groups except the fouith m which there was 

uc longer average storage time and a slight!^ slioitei incubation period 


Table n The Size op Inoculum, the Length op Storage op Parasites and the 
Incubation Period in Cases of Successful Inoculation 


or inoculum 

n^beb op para 
IN millions 

(FER MKr 3 ) 
919 


21 40 
41 69 
-,100137 


TIME FROZEN IN DA\S 

INCUBATION PERIOD IN DAYS 

MEAN 1 EXTEEMF-S 

MEAN 1 EXTREJIES 


number op 

CASES 


31 7 
311 
54 4 
20 5 


10 102 
6 85 
6166 
3 50 


12 8 
12 6 
113 
15 0 


9 14 
10 22 
7 16 
12 20 


7 

14 

12 

4 


of ^^^^^opment of Parasites — It is possible that the resistance 

freezing and thawing and piolonged storage at low tempeiatures 
^fih their age, size, and complexity of structure that is, witli the 
zoites*^ ®^olopment As a woikmg hypothesis it was assumed that the mero 
> or very joung trophozoites, might be the most resistant, and the mature 
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Young troplioioites 111 + 3 74 11 5 10 7 022 440 0 131 9 100 

Mature trophozoites 13 9 ± 2 77 14 0 14 2 10 20 18 0 3 47 9 137 

Sohizonts ^3 ±2 37 12 0 11 4 10 16 42 0 9 106 19 46 
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trophozoites and schizonts, tlic least lesistuut If tliat livpothesis v\cic couect 
then ^\e v\oiiId expect more successes and shoitci incubation peiiods v\l)en using 
the joun^ei foiiiis We have tiled to diaw blood fiom donois at times in icla 
tion to the developmental cvcle to jiiovide voung, half giov\Ti oi matuie foims 
of the parasites Howevei, since nieiozoites aic beginning to be Iibemted piob 
abh hours befoie the mass disiuption of schizonts botli voung and old foims 
of parasites mav be piesciit in considenblt numbeiN neai the end of the cvcle 
and differences in results might be expected to be less fiom samples taken eaih 
md late than fiom those taken eailj and mid wav in the cvcle 

It IS not possible to decide vvhcthei age of paiasites had anv effect on the 
proportion of successes to failures because the numbers aie too few Sueeesses 
ind failures both followed inoculation ot 3 0img middle aged or old parasites 
AYhen successes alone aie eonsideicd theic is siip.„estivc evidence tint the in 
euhation peiiod was shoitei wlien the inoculum contained a majontv of -^oung 
ring forma than when the majoiit> wcic matuie trophozoites This is shovra 
m Table HI, vihith indicates tint when \oun^ iing foims piedonunated the 
incubation peuods vveie ^louped aiouiid eleven davs v\hcn mature trophozoites 
predominated, aiound fouitcen davs and when schizonts predominated with 
some 30uug tiophozoites the incubation periods were giouped aiound twelve 
sjs In other respects the groups ate faiilj comparable except that the 
average time frozen was much shorter in the matuie tiophozoite group 

It IS alwa>s hazardous to draw conclusions fiom small differences which 
niav exist between small groups, hut apparcntlj there is a significant prolon 
oation of incubation period in the mature over the voung tiophozoite groups 
le difference between the means is 2 + 0 737 the diffeieiice lieing nearlj three 
jnies the standard error The significmce of the difference is further borne 
} a comparison of lesults following inoculation of one group of seven 
^J^ood fiom donor JIi with another group of four patients inoc 
e( With blood from Ho The size of inoculum and duration of preservation 
f/'^ ^Nsontiallv equal and the blood liad been citrated in botli cases Blood 
fro”^ showed parasites appioximatelj fortv hours old, schizonts while that 
^ at the time of the paioxjsm showed a majoritj of paiasitcs 

^ ‘’”^^11 ling forms with a number of matuie schizonts In the Mi 

davs^ “icubation period averaged 12 7 dajs with a range of ten to sixteen 
'V* ^ group the incubation peiiod aveiaged 7 7 dajs with i 

of SIX to ten days 

blood was used in thiitv two cases with sue 
93 ^'^^Mtiiig 111 27 01 84 pei cent and defibiinated in 14 cases with 13 or 
co.ses'^^ lesulting m malaria this is not a significant diffeience In the 
m in malaria developed theie was no appaient significant diffeience 

cu Mtion penods m the two groups which vveie comparable in other wavs 
1C speed of freezm,^ and thawing was as ncailv identical as possible in 
and the conditions of stoiage weie the same in all 
biiie Period of Stoiage — Theie is no evidence that the length of 

aie I ept fiozcn affects the find results of inoculation In 
^**0 successful witli unsuccessful inoculations it is found tint faiUuc^* 
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followed freezing peiiods ranging from 11 to 137 days, and successes followed 
freezing periods langing fiom 3 to as long as 166 days Other factors m the 
two groups neie essentially eoinpaiable In considering only successful inocu 
lations, Table TV indicates that the incubation period does not change as the 
duration of freezing inci eases 


Tabie IV The Length of Storage op Papasites in Belation to the Incub\tion Peeiud 

.VND Size op Inoculum 
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Clinical Course of Malaiia — -Tlie clinical course of the disease lesultmg 
from inoculations i\itli prcsei\cd paiasites has in no diftcied from that 
seen folloiinig the direct inoculation of \\holc blood Striking indnidual diffei 
ences m the se\crity of the disease h'i\c been obsci\cd some patients e\hibiting 
a loiv parasitemia and tolerating the infection well Othei's ha\ c had fulminating 
infections, high parasite indices with led blood cells containing as inanj as three 
to five parasites, terminating in peiiphenl cn dilator} collapse which neces 
sitatcd mtcrniption of treatment This induidual \ariation to infection is 
believed to be related to host lathei than to paiasite factois Theie have been 
no fatalities in this senes of cases 


CONCLUSIONS 

1 Preservation of vialilc pai isites of \naN mnlaiia foi many months by 
a simple method of quid fieezing, storage at low tempeiatme (^70°), and 
quick thawing has provided i constantlj available supply of parasites in the 
St Louis area dunng the past year 

2 Among fort> si\ subjects inoculated with preset ved blood foity oi 
87 per cent, subsequently developed niahiia 

3 The mcuhation peiiod ui those cases of maliria m which an accurate 
detennmation was possible averaged 12 4 days langing fiom sin to twenty 
two days llalaiia was fiist pioved m two additional subjects, foity five and 
seventy eight days aftei inoculation, although both had slight tempeiature 
elevations at ten to fouitecn days at which time parasites weie not found in 
blood films 

4 The incubation peiiod probably is directly i elated to the numbei of 
pirasites suniving pieseivatioii which m turn appears to be inversely related 
0 the age of paiasites, younget forms of paiasites aie apparently moie resis 
taut to freezmg and thawing 

5 The clinical couise of malaria does not appear to differ in any waj 
rom that following infection with fresh parasitized blood 

pital fln?i tlmnk Dr Louis Koliler Superintendent of the Missouri State Hos 

Jefferson Bnr ir ^ Leopold Hofstattcr of the same institution and Dr ^Ufred K Baur of 
facks Hospital for tlicir assistance m providing subjects for inoculation 
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LABORATORY METHODS 


SPUTTOI CELL STUDY FOR PULMONARY CARCINOMA AS 
A ROUTINE LABORATORY TEST 

Burton A Shatz, M D , Martin Bergsi^nn, M D , and S H Gru, M D 

St Louis, ilo 

A lthough the examination of sputum foi neoplastic cells as an aid in the 
eaily diagnosis ot caieinoma ot the lung has become well established,'" 
it IS still not being earned out in most laboiatoiies as a loutine piocediiie The 
leasons foi this hesitancy aie undeistandable Peai of the liaiiii that might he 
wi ought by a false positive diagnosis, the feeling that specialized cvtologie kiioid 
edge IS lequiied, and the long time tiequently necessaiy foi the adequate stud} 
of a single case have acted as deteiients Thus, ivhile theie are at piesent a fen 
laboratories in which this technique foi eaily diagnosis of cancer is being ap 
plied very successfully, it is not j et available to most physicians 

To stimulate more widespread use of this \aluable diagnostic aid, perhaps a 
more practical approach to this problem is needed It has been oiii e\peiien(-<! 
that the great majority of positive sputum diagnoses are based on 
have easily recognizable neoplastic characteristics It was suspected tia > 
confining positive diagnoses only to the lelatively obvious cases, !** 


examination might prove to be more adaptable to loiitine use m 


a clinical laho 


latoiT without fear of false positive diagnoses, and at the same time le am * 
useful degree of accuracy , 

To test this suspicion, a group ot forty consecutive cases of 
cmoma of the lung, in which sputum examinations were done, were > 

It was lound that in twenty-nine cases (72 per cent) the dian 

obviously malignant cells While this percentage of positive lesu ts is 
that reported by some authors,''’ * it is still high enough to be of m 
value Thus, in seven of the tw entj’^-nine eases m which we enions 
plastic cells in the sputum, bronchoscopy had been entirely ^7'^'gggm.ed b' 
logic proof of the suspected presence of a lung tumor coidd no ^ 
any other means short of exploiatoiy thoracotomy It '"ou casib 

restricting positive diagnoses only to those patients whose the 

identifiable malignant cells, and by lepoitnig all others as nega n , 
examination should become practical foi more general a op tb^ 

outlines the technique of preparing sputum slides, descii es pbuomb 

cellular elements encountered, and sets forth the character is ms 
malignant cells 

From the Laboratorj of The Jewish Hospital of St 
Aided by the ria\ id Ma> -Florence G Haj Research un 
Recehed for publication Sept 10 1948 
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The technique has l.ccu ile cr.lied in other puhlications >o hut certain points be 
emphasis. The proper collection of the pccimcii is one of the most important steps in 
ratnni eianunation Due care cicrted in this pirt of the procedure will be rewarded bi 
njtifeabU better re ults and will a\e the txamincr a deal of time npenl m un 

fnl search of specimens containing almost no lifoiichia! secretion The patient 
instnicted to cough up material from the tracheobronchial tree and mu t not e a owe( 
to present the examiner with sal^^a or nafioplnr> nj,eal ecrtlions as a specimen atena 
from the patient s bedside sputum cup is usually not satisf iclorv, due to the i ulion o 
whatever bronchial ccrctions there are with a rdativeU large amount of sa ua e 
have found it advisable to have a well in trucUd itchuician or iiur c obtain the peciraen 


Jirectlv from the patient 

Stora{je — It is best to nitar anl fix tliL petiuitn i ooii iftcr collection a po sible 
However vrhen ueces arv a specimen max be allowed to remain in the refn,^erator for 
four to SIX hours without appreciable deterioration 

Prrparahoii of Slides — Tlie pecinun is poureil into a Petri di h pi ict 1 on a black, 
back^rounl \n effort is made to find small fragments of ti ue and blood tiOoUvl material 
'samples of the various components of the sputum arc elected and placed on a t,la s slide 
\ fairl} thin and uniform film is obtained b\ smearing the material with u second glass 
ihJc. Ordinarilv five slides are prepared from each pecinien 

Perafion — iixation of the him is accompli lied bj iinmer lun for at le ist tliirtv minutes 
in a mixture of equal parts of etlier and 91 per cent alcohol It is important for the preser 
vation of cellular details that no drving of the film lie allowed to occur before it is fixed 
Th® hdes should be placed in the fixative while still wet 

Stfli/iinfir—The stain emploved is liematoxTlin and co in Tins tain pri ent two lui 
Irtrtant adrantiges over other stuns tint have Inan advocated for u e in this work Iirst 
It allows the staining of sputum slides to be carried out imultaneouslv and bv the ame 
technique as other routine slides Second it relieves the pathologist of the nece sitv of 
familianzing himself with a new stain trom the ether alcohol mixture the sputum lides 
nre transferred to Oo per cent alcohol for one minute and from then on are handled as are 
ordinarr ti sue sections In our laboratorv this con ists of the followine. 


1 "^ater for one minute 

2 Harris hematoxvlin for one niiuute 
"1 "Water for one minute 

4 Dip in acid alcohol 

5 ater for one half minute 

6 Ammonia water till blue 

7 Water for one half minute 

8 One half per cent aqueous cosin for two minutes 

9 Dip in water 

10 Dip in increasing concentrations of alcohol 
to absolute alcohol 

11 Beechwood creosote for five minutes 

12 \jlol five minutes 

slides are then coverslipped with the use of Clarite Tlie preparation of the slides 
con***^° staining can easilj be handled bj a technician The examination of the slide 
scanning with the low power objective U3in„ a mechanical stage o that all 
3 of the preparation are seen Suspicious elements are studied with the high drv 


NORMAL CELLS IN SPUTLM 


tain 


sputum specimens regardless of the undcrhin,, pulmonan disease con 
normal cells which can be classified accoidiiig to tlieir place of origin 
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nuclei as to lendei adequate study difficult and to make it impossible to ap 
pieciate hypeiehiomasia, because all the nuclei, benign oi malignant, will appeal 
daik blue One ot the impoitant ciiteiia ot malignancy is thus lost 

Anothei possible souice of eiioi may be the piesence of degeneiatmg normal 
cells The changes bi ought about by this piocess include hypeiehiomasia and 
s\\ ellmg ot tile nucleus, vacuolization ot the cytoplasm, and changes in size and 
shape ot the cell Degeneiatmg noimal cells may thus assume what appeal to 
be chaiacteiistics ot malignanev But caieful obseiiation will disclose loss ot 
distinct cellulai and nucleai outlines and loss ot nucleai detail Piequenth, m 
tlie close vicinitj one finds similai but bettei pieseived benign cells, and otlieis 
u hich ai e obvioush and moie completely degeneiated Oecasionalh maciopbageii 
which have no visible ingested mateiial in their ejtoplasm and whose nneleoliaie 
lathei piorament aie encoimteied Such cells mav simulate nndilfeieutiated 
neoplastic cells, oi, if thej contain vacuoles, cells aiismg fiom adenoeaieinonw 
Hovv'evei, phagocytes occui onh^ as iiidividnai cells and aie not hvpeichiomatie, 
and similai cells with ingested material can usnallj be found in the immediate 
vicinity 

In ehionic mteetious diseases the noimal bionehial epithelium may uiideigo 
squamous metaplasia (Plate I, 7) Fiagments oi the luetaplastic epithelium aie 
fieciuently exfoliated into the sputum and mar lesemble bits oi well difteienti 
ated squamous caicmoina Howevei, these cells aie aiianged m an oideilv 
fashion, have a definite polaiitv, and usualh do not contain visible nucleoli As 
a lesult of degeneiation, thev maj show both hvpeiehiomasia and vaiiation in 
size and shape of the nuclei Howevmi, the cause ot these chaiactensties becomes 
evident when one notes the loss of nneleai stiuetuie, distinct nucleai outline, an 
vacuolization of the cytoplasm 

Oeeasionallv’^ one is tempted to make a positive diagnosis on the basis ot one 
01 two single cells which have all the chaiacteiistics ot malignanev It is 
in such instances to withhold the final diagnosis until fuithei specimens can le 
examined In almost eveij case one will eventually find eithei numeious o af 
similai cells oi small fiagments of tumoi tissue It has been shown 
examination of thiee sepaiate sputum specimens will yield about 96 
the positive diagnoses Howevei, it the clinical Instoiy and 
studies stiongly indicate malignancy, and especially when to 

IS impossible, as in uppei lobe lesions,* it is often desuable and woi v 


lepeat the examination seveial moie times 

The diagnosis given to the clinician should be concise and jud 

that the giouping of cells as to the piobabilitv ot malignancy ,peelb 

even dangeious Unless the pathologist is absolutely ceitain tha 
aie present in the sputum, he should lendei a negative lepoi * 
taken to advise the chnician as to the significance ot p^jdeiice of 

ports The piesence of cancel cells in the sputum is not a P Pt the 

pnmary bionchogemc eaieinonid The cells may aiise fion pulnioiiai' 

Lulh. ph« 3 ■.>^, ms„pha„ux, laivnx. caophajus, 
metastases. and m such instances cannot be dUteientiated £ 
bionchoaemc neoplasms Above all, one must be atva.e of tie 
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Cells Fiom the Blood— Tthe eiythiocytes and leucocytes encountered m the 
sputum aie as easily identifiable as in the usual tissue sections Occasionally, 
when the sputum is puiulent, the nuinbei of leucocytes is so great as to obscuie 
the othei cellulai elements In these instances it has been oiii policy to lecom 
mend a course of penicillin theiapy to reduce the number of inflanunatoiy cells 
and thereby facilitate piopei sputum examination 

Cells Ftom the Mouth and Phaiynx — (Plate I, 1 ) These cells aiise fiom 
squamous epithelium and are laige and polygonal in shape They contain an 
abundant amount of pale pink cytoplasm, with small centrally located nuclei 
The nucleus is usually light blue, lonnd to oval m shape, and suiioiinded by a 
distinct nuclear membrane It has a finely granular chioniatin netivoik and 
may have a small distinct nucleolus The cytoplasm may contain iiuineious in 
vading bacteria These squamous epithelial cells may occur singly oi in sheets 
The number of these cells present is a good index of the amount of saliva con 
tamed in the sputiun Then identification offers no difficulty 

Cells From the Epithelium of the Ti acheoii onchial Tiee — (Plate I, -2 and 


3 ) The tall ciliated eolumnai cells which line the trachea and bionclii are fic 
quently present in the sputum and may occur singly or m clumps The basal 
end may be drawn out into a long filamentous process The nucleus is basalh 
located, homogeneous in appearance, and stains deep blue As many as thiec 
nuclei have been observed in a single cell When these columnar cells occm 


singly and are not influenced by the presence of suiioruiding cells, they niai 
assume a spherical shape The ciliated border can be made more distinct bv 
decreasing the aperture of the substage condensei Goblet cells niav ® 
seen in the sputum They can be recognized by the presence of a large inueigea 


droplet in the distal pait of the cell, as seen nr Plate I, 3 

Maci ophages — (Plate I, 4, 5, 6 ) These are laige round cells lyhici ma' 
occur singly or as clusters ot individual cells and are found in almost all spu a 
They contam model ate-sized nuclei and abundant c 3 qoplasm The nuclei ma^ 
be round, oval, oi bilobed and usually have small nucleoli Honevei, 
the nucleolus is quite piominent The chiomatm is rather evenly 
throughout the nucleus Occasionally multinucleated giant 
seen The cytoplasm may be clear or may contain a variety of mgeste 
and vacuoles The blood pigmeiit-coiitaining cells (heart faihne 
been found to be associated not only rvith chronic passive congestion o 
but may also be found ui a ymiiety of conditions, especially tmsc u 


hemopty^sis has occurred 


NEOPLASTIC CELLS 

There are certain characteristics yvhich most cancer cells have 
regardless of the type of tumor from which they arise ypuked 

(1) Neoplastic cells tend to occur in groups or tumoi fiagmen i es (o 

hyper chi omasia of the entire cell is an outstanding 

make the malignant cells conspicuous er'en under lorv power m i 

There is complete loss of polarity^ in the aiiangement ot shape oi 

tumor fragment (4) Theie usually is marked Ij e^jniclei of 

malignant cells and then nuclei in any one tumor (5) 
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cells aie generally large relative to the size of the cell ^Multiple nuclei are not 
uncominon (6) The nucleoli aic iaige distinct, often multiple, and may take 
a pink stain in contiast to the dark blue color of the nuclei (7) Malignant cells 
may be phagocytic and it is not unusual to find one malignant cell ingested b> 
another (Plato IV, 78) (8) Neoplastic cells may contain large, deep blue cyto 

plasmic bodies, which aie known as bud's eje inclusions of Leyden (Plate TV 
20) The nature of these bodies has not been established, but it is thought that 
the> probablj arise fiom the multiplicition of centiosomes, oi that thej aie 
letamed secietoiy products of the cell ® The neoplastic cells in the sputum fall 
into t^^o majQi categoiies undifferentiated and classifiable 

1 UndiffoGuhated Cells — (Plate II 9) These are tumoi cells ^\hich 
possess only the described geneial chaiacteiistics Thev aiise fiom a totally 
undifferentiated tumoi oi fiom undiffeientiated portions Imowii to occui com 
monlj in squamous caicinoma adeiiocaicinoma and small cell caicinoma There 
fore undiffeientiated neoplastic cells in the sputum maj or maj not reflect the 
predominating histologic chaiaetei of a tumor Con\ersely, a histologicallj dif 
fereutiated tumor can gue use to botli undiffeientiated and classifiable elements 
m the sputum 

2 Classifiable Cells — These cells, m addition to tJie general chaiactenstics 
of neoplastic cells, have certain distinguishing fcatuies wluch allow one to 
classifj them as to the type of tumor fiom uhicli they aiise (a) Squamous cai 
emoma cells (Plate II, 10, and Plate III 11, 12) The squamous caicinoma cells 
tend to be elongated in shape The nuclei aie usually oval to spindle shaped, but 
ntaybeiound and ha\e a dense coarsely gianular chiomatm stiuctuie Nueleoh 
may be single or multiple and aie usually veiy pionunent, laige and pink 
staining The two characteiistics that are diagnostic of this type of tunioi 
are 1 eiatimzation of the cytoplasm which impaits to it a deep pmk to led 
color, and the arrangement of the tumor cells in whorls True epithelial pearls 
are not uncommon (b) Adenocarcinoma cells (Plate III 13, li) Cells of 
this type are usually rather large and round or o\al in shape The nuclei are 
round frequently multiple and commonly contain one or more small discrete 
nucleoli Occasionally single large nucleoli are seen The cj toplasm is usuaih 
abundant and seveial small ox one oi two large clear droplets of secietion aie 
present Secretoij \aeuoles arc tlie oulj \alid criterion for the diagnosis ot 
adenocarcinoma unless one finds malignant cells forming true acini This ar 
rangement, hoxvever is quite rare (c) Small cell carcinoma (Plate III 15) 
Small cell carcinoma cells aie the smallest of the malignant cells in the sputum 
They are lound or elongated in shape and of fairly unifoim size The nucleus 
fills the cell almost completelj so that oiih a narrow rim of cytoplasm is detect 
able The nucleus is finely gianular moderate-sized single nucleoli aie the rule 
To the untiained eje these cells resemble large l■vnlphoc^tes except that the} 
occur as fxagments of tissue 

DISCUSS10^ 

In appljjug the described ciitcria for malignant cells to the examination of 
sputum one must be aware of certain pitfalls which may cause erroneous diag 
noses 0\erstaming with hematoxylin max so obscure the structure of the 
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nuclei as to rendei adequate study difficult and to make it impossible to ap 
pieciate hypeichioniasia, because all the nuclei, benign oi malignant, will appeal 
daik blue One of the impoitant ciiteiia o± malignancy is thus lost 

Anothei possible souice ot eiioi may be the pnesence of degeneiatmg noinial 
cells The changes bi ought about b^" this piocess include hypeieliioinasia and 
swelling ot the nucleus, vacuolization of the cvtoplasm, and changes m size and 
shape of the cell Degeneiatmg noimal cells may thus assume what appeal to 
be chaiacteiistics of malignancy But caieful obseivation will disclose loss of 
distinct cellulai and nucleai outlines and loss of nucleai detail Pieqiienth, ui 
the close vicinitj one finds similai but bettei pieseived benign cells, and otlieis 
which aie obviously and moie completely degeneiated Occasionally maeiopliages 
Avhich have no visible mgested mateiial m then cytoplasm and whose luieleohaie 
lathei piominent aie encounteied Such cells mav simulate iindiffeientiated 
neoplastic cells, oi, if thev contain vacuoles, cells aiising fioni adenocaieinoma 
Howevei, phagocjdes oceui only as individual cells and aie not hvpeichiomatic, 
and similai cells ivith ingested mateiial can nsuallv be found in the immediate 
1 leinitv 


In chionic infectious diseases the noimal bionchial epithelium mav uiideigo 
scpuamous metaplasia (Plate I, 7) Fiagments ot the metaplastic epithelium aie 
fiequently exfoliated into the sputum and maj lesemble bits of well difteieiiti 
ated squamous caicinoma Hoivevei, these cells aie aiianged in an oideib 
fashion, have a definite polaiity, and usually do not contain visible nucleoli As 
a lesult of degeneiation, they may show both hypeieliioinasia and vaiiatioii m 
size and shape of the nuclei Howevei, the cause ot these chaiacteristics becomes 
evident when one notes the loss of nucleai stiuetuie, distinct nucleai outline, an 
vacuolization of the ej toplasm 

Occpsionalh one is tempted to make a piositu e diagnosis on the basis of one 
01 two single cells which have all the chaiacteiistics of malignanci It is 
in such instances to ivithhold the final diagnosis until fuithei specimens can je 
examined In almost eveiy case one will eventually find eithei nuiiieioim o i 
similai cells oi small fiagments of tiimoi tissue It has been shown 
examination of tliiee sepaiate sputum specimens ivill jield about 96 
the positive diagnoses “ Hoivevei, if the clinical histoiy and , 

studies stiongly indicate malignancy, and especially when to 

IS impossible, as in iippei lobe lesions,^ it is often desiiable an w'oi i 


lepeat the examination seveial moie times 

The diagnosis given to the clinician sliould be concise and 
that the giouping of cells as to the piobabilitj ol malignancy is 
even dangeions Unless the pathologist is absolutely ceitain t la cai 
aie piesent in the sputum, he should lendei a negative lepoi le 

taken to advise the clinician as to the significance of positue an ut 

poits The presence of cancel cells in the sputum is not a the 

piunaiy bionehogemc carcinoma The cells may aiise loni pj,l„ioiian 

mouth, phai>Tix, nasophaiynx, laiynx, esophagus, ^ gp,, of 

metastases, and in such instances cannot be diffeientia e 
bionehogemc neoplasms Above all, one must be aware o 




Platl I 

^ Squamous epithelial cells 
Bronchial epithelial cells. 

j Boblet cell •\\Ith large mucigen droplet In tlic cjloplasni 
1 Macrophages some \vith ingest d particles 

macrophage with cytoplasmic vacuole Note neutrophilc for 

® Giant multinucleated macrophage with numcroas Ingested particles 
Irom ^ Squamous metaplasia of bronchial epithelium with degencratlNe clianpcs. 

ot bronchiectasis 

Ml photographs were taken unlcr oil Imn erslon lens (Xia’O) except where noted 
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nuclei as to lendei adequate study difficult and to make it unpossible to ap 
pieciate hypeiehiomasia, because dll the nuclei, benign oi malignant, will appeal 
ddik blue One of the impoitant ciiteiia ot malignancy is thus lost 

Anothei possible souiee oi eiioi may be the piesence of degeneiatmg noinial 
cells The changes bioiight about bj this piocess include hypeielnomasu and 
swelling oi the nucleus, vacuolization ot the cytoplasm, and changes in size and 
shape oi the cell Degeneiating noimal cells may thus assume iiliat appear to 
be chaiaeteristics of malignancy But caieiul obseiiation will disclose loss of 
distinct cellulai and nucleai outlines and loss of niicleai detail Piequentlv, m 
the close MCinitj one finds similai but bettei pieseived benign cells, and others 
which aie obiiously and moie completely'^ degeneiated Occasionally maciophages 
ivliich have no visible ingested mateiial in then cytoplasm and whose niicleoh are 
lather pi eminent aie eneoiinteied Such cells niav simulate uiidiffeieutiated 
neoplastic cells, oi, if they contain vacuoles, cells aiising fiom adenocaieiuoma 
Howes ei, phagocytes oceui only as individual cells and are not hypeichiomatie, 
and similai cells ivith ingested mateiial can usually be found m the immediate 
vicinitv 

In chionic infectious diseases the noinidl bionchial epithelium mavuiideigo 
sciuamous metaplasia (Plate I, 7) Fiagments of the metaplastic epithelium are 
fiequentlv exfoliated into the sputum and may lesemble bits of well diffeieiiti 
ated squamous caieinomd Howciei, these cells aie aiiauged in an oidei ' 
fashion, have a definite polaiity, and usuallv do not contain MSible nucleoli -As 
a lesult ot degeneiation, they may show both hypeiehiomasia and laiiation m 
size and shape of the nuclei However, the cause ot these chaiaeteiisties becomes 
evident when one notes the loss of nucleai stiiictiiie, distinct niicleai outline, an 
vacuolization of the cytoplasm 

Occasionally one is tempted to make a positive diagnosis on the basis oi oi^^ 
01 two single cells which hare all the chaiacteiistics ot malignancv 
in such instances to withhold tlie final diagnosis until iiiithei specimens 
examined In almost every' case one ivill eventually find eitliei niiraeious o 
similar cells oi small fragments of tiimoi tissue It has been shonn^ gejit ot 
examination of three separate sputum specimens will yield about ® 
the positive diagnoses “ However, it the clinical history and loen 
studies strongly indicate malignancy, and especially' when to 

is impossible, as in upper lobe lesions,* it is often desiiable an noi 
repeat the examination several more times yVefcel 

The diagnosis given to the clinician should be concise and exp jikJ 

that the grouping of cells as to the piobabilitv of malignancy m 
even dangerous Unless the pathologist is absolutely ceitain t la g],oiiid be 
aie present in the sputiun, he should render a negatiie lepoi j^egatne re 
taken to advise the clinician as to the significance oi positive an 
poits The piesence oi cancer cells in the sputum is not a of <1“^ 

piimaiy bionchogeinc caicinoma The cells may arise loni piiliiioiiai' 

mouth, pharynx, nasopharynx, larynx, esophagus, ^ ellsofpi""^'^ 

inetastases, and m such instances cannot be differentia e y,lure 

bionchogeinc neoplasms Above all, one must be awaie o 









Pl^TB III 

i/ Squamous carcinoma >.010 elongated large tumor cells 
1 Squamous carcinoma Epithelial | carl 

•IJ Vdenoc ircinoma Note multmuclcat 1 cells and \acoolatcl cjtoplasm 
^-1 Idcnocarcmoma ll with tcrt.tor> acuol 
iS Small coll carcinoma Note resemblance to bTiiphoc) tes, 
LndIlTt.rcnliated carcinoma Two mitotic figures 
J Squamous carcinoma, At>plcal nuclear division 




Platt 1\ 

i8 Vilcnocarcinoina One lunior c 11 phTgjcMiz J bv unolhcr 

IS Vdencarclnonia. Tumor c lIs phuEOOtlzol b> lorco mn-rophasc Note pale nucleus 
I macrophage juat bclo^\ upper groui of Ingested in\lignont c [i 
20 Adenocarcinoma Birds e>c Inclusion 
lab and c Squanj us carein t nusual conflgurntl ns of tumor c II 
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to find malignant cells in the sputum does not lule out caicinoma and should be 
disiegarded if tlie weight of othci clinical oi radiologic evidence fa\ors this 
diagnosis 

CO^CLUSIO^ 

Easily recognizable malignant cells occur in the sputa of inoie tlian 70 per 
Cent of cases of pulmoiiai^ cancel When one restnets positne diagnoses to 
these compaiatncl^ ob\ious cells the dan^^cr of false positue diagnoses is re 
duced to a minimuin while at the same time the test retains a good degiee of 
accuncj With the realization of these facts sputum exaniiiiation becomes moie 
Suitable foi widespiead adoption as a loutine laboiatorj piocediue 
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A MICEOADAPTER FOE THE EVELYN MAGEOCOLOEDIETER 

Esther F Freier, B S , and Evrel A L^vrson, M D , Ph D 
Minneapolis, Minn 

T he Evelyn macioeoloiimetei^ lequiies the use of a mmimiun volume of 6 e c 
of solution in oidei to obtain a satisfactoiy eolonmetiic leading It would 
be advantageous in some chnieal pioeeduies, such as the Evans blue dye blood 
volume method, to obtain a leading on a much smallei volume The Evelyn 
miciocoloiimetei,- which allows coloiimetric leadings with volumes ot solution 
langing liom 0 1 to 2 0 c e is technically difficult to opeiate, theiefoie, its appli 
cation to loutine laboiatoiy pioccdiires is limited 

In ordei to obviate the inheient difficulties of the Evelyn mierocoloiinietei, 
the micioadaptei desciibed heie was designed to peimit leadings on volumes as 
low as 1 e e with the Evelyn maeiocoloiimetei Flat-bottomed mieiocoloimietei 
tubes,* 10 8 mm in inside diametei, can be used with the adaptei, in the Evelyu 
macroinstrument 

Constiuction- — The adaptei, shown m Fig 1, is constiucted ot hakelite 
The outside diametei is 22 mm wluch pennits easy lemoval from and inseition 
into the bakelite tube sleeve of the Evelyn The piojection on the bottom of the 
adaptei fits into a slot cut in the inside bottom of the tube sleeve and locks the 
adaptei in place with its apeituie opposing the 6 c c apertuie of the tube sleeve 
The apeituie of the adaptei is cut slightly laigei than that of the tu e 
sleeve, so that the sleeve apeituie determines the light path The inside diam 
etei of the adaptei, 12 3 mm, was chosen to acconmiodate the mieiotubes le 
cut-outs along the side of the adaptei peimut the operatoi to guide t le tu iCi 
which is 41/2 inches m length, as it is put into 01 taken fiom the adapter 1 ^^ 
adaptei has an ovei-all length of 7 and 7/16 inches including the 3/ 1 “'^ 

piooection 

Petfoimance — The mieiotubes aie cahbiated foi equalitj of 
in the same mannei as Evelyn tubes To obtain a center setting tea ^ 
need be only partially removed until cleai of the light beam throng 
apeituie, this maneiivei peiniits rapid checlis of both centei se 
leadings , 

Headings weie made with the Evelyn maeiocoloiimetei wi 1 
the adaptei, using the same Evans blue solutions in serial eoncen 
0 0015 mg pel cubic eentimetei to 0 0105 mg pei cubic „,fy) ob 

of lesults IS piesented in Table I The “L values” j,ajneterb 

tamed with the adaptei weie multiplied by 19 5/10 8 (the latio 0 jt 

of the Evelyn and mieiotubes) in ordei to compaie the two sets 0 ni 

may be noted that density values obtamed with the adaptei, w en 
this maimer foi the difference m diametei, agree quite close y 
tamed without the adaptei 

From the Laboiatories of the Uni\ersity of Minnesota Hospital- 
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Hg 1 — Vn oblique leu of the uilapUr 
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Table I Comparison of Evelyn AIacrocoloki meter Keadiags With and Withodt Adapter 


CONCENTR V 
TIO^ OP DYE 
SOLLTIOV 
(MG/C C ) 

READING 

WITHOUT 

ADjVPTER 

L VALUE 

without 

ADAPTER 

READING 

WITH 

ADAPTER 

L VALUE 
WITH 

ADJVPTER 

h VALUE 

V ith ad VPTER 

CORRECTED FOI 
DIFFERENCE I\ 
DIVMETER OF 
TUBES 

0015 

850 

0667 

913 

0374 

0075 

0030 

740 

1278 

So 

0700 

1275 

0045 

662 

1772 

793 

0982 

1772 

0060 

572 

2384 

73 

1367 

2434 

0075 

51 

2924 

673 

1691 

305 

0090 

45 

347 

64 

1922 

347 

0105 

40 

398 

59 

2291 

412 


In addition, foi any given eoneeiitiation of Evans blue solution, tlie adaptei 
gave the same leading witli a volume of 1, 2, oi 5 cubic centimeteis It appeals 
that use of the adaptei sueeessfully inci eases the volume lange of the Evelvu 
maciocolonmetei from Gee domi to 1 eiibie eentimetei 

SUaillARY 

A mieioadapter foi the Evehn maeiocoloiimeter has been deseiibecl which 
permits readings on volumes of solution as low as 1 cubic eentimetei Ewdeiice 
has been piesented to substantiate the validity of lesiilts obtained with the 
adaptei 

REl-ERENCES 

1 EAeljn, K A A Stabilized Photoelectric Colorimeter With Light Filters, J Biol 

Chem 115 63 75, 1916 , . t mnl 

2 E\eljTi, Kenneth A, and Cipriani, A J A Photoelectric Alicrocolorimeter, J nioi 

Chem 117 365 369, 1937 



VLiNOUS CAT HL I LIUjC VTION W I J U POLYLT ilYLENi: TUBING 


SvmuelL Cki-sson 31 D * vndWilfumAN L CLF\N,3IDf 
PfllLtDi-Ll HU P\ 

T IIL iLse of polictlijluie tubijjo in tlie catheterization ot \cins has been le 
ported b} Zinimemann' and "Me^eis* It is the purpose of this communici 
tion to describe and evaluate a method of takin„ samples of poital vein blood 
in the ambulator do„ and to recoid some of the obseivations made on the 
intimal reaction to the plastic pohctJnltne | 

Ti-f IISKiLh 

Under ^.eneral anestheaiii with r per rtnf Ninihutil i trun ver-^e bul costal iiiusclo 
J>phtting ifndiron incision is made The pcritouiuin m di c<tpd free h} Idunt di section ind 
reflected medially The portal vein h approached rotrojM*ntoneaUj and is then followed 
cephalad toward tlio hepatic border Tlic piiitontum ih fnquentl^ opened just as the portal 
vein 18 approached V site is stkclcd just crpli ilad to the mesenitrir radicals in tlio main 
trunk of the vein The loose areolar tissue is Iisstcud awa> exposing the vein wall V 
purse string suture of fine black silk is placed but n>t tied iii the \cm wall llien a Iso 
16 gauge needle is thrust through the rtnicr of the i>urse tnni, suluic, ^slth the end of u 
small caliber poljetlijiciio tube about I- inches Ion/, inside the needit bore but not project 
bejoad the needle bevel (Iig 1) lulnng vrith an internal diameter of 0 023 inch has 
been found most satisfactory \fltr intrcing the vein wall the cannula is pushed through 
the needle boro into the lumen of the vein /or aiiout 3 centinioters I ho needle is then 
pulled out of the vein and the poh ethylene tubing is held stationary liy a jMir of thumb 
forceps jVs the uoedlo IS pulled clear of the pUhtir tulnng tlic purse vtiing suture is tied 
'fhe plastic tubing is then aspirated If aspiration is adeejuate several loops of the suture 
ure placed around the tubing^ shjiped down next to tlio von wall and tied again Sterile 
’‘‘hno is injected into the tubing and the end of the tubing seulcfl by hcatin,^ the tip of 
the tubing and then pinching it with forceps while still hot The same procedure may 
bo used for infenor vena cava catheteriz if ion 

have used as a criterion of an adequilc ciitheteiization the aspirition of 5 c c 
of blood in thirtv seconds 

The tubing is brought out retropcnloiicuHv through a separate si ib wound and tin- 
incision closed The tubing external to the skin is coiled and is hold in place with a piece 
of gau7o saturated with collodion V firm bode encirclinff ndlicsue dressing is then tpplied 


JtJ SI I TS 


3Vt have iicifonned tweiifv foui portal vein eatliclcii/ itjons iii twenty tlo„s 
"file fiist attempt at aspiiation of the vein catlntci usually w is m idc seven davs 
flftei ULscition In font no Wood toiild be ispiiatcd on tJic first oi subsequent 
tnah In eleven either the iniin il pulled the tulnn^ out oi tin tulnn„ leJI out 
or the dog died befoic aspiiatioii was attempted A numbci of the lailuits could 


brom the Dei artniont of Surgical Jlc circli Jeff rs>on ife ifcal Cull gc 
Hoceivtl for publication Vug H 1918 


Ueallcnt In Surgerj Pennsylvania Hospital 
t Vs oclatc In Surgery Jefferson M <lJc.il College 

polyethylene use? In tlie « exinrlii nC wis purcli s 
Comptny I oston Mass It was furnl hej us 
‘*‘0 audition of a plasticizer 
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be attiibuted to pieventable eirois an technique The lemaining nine eathcteii 
zations functioned well foi an aveiage of twenty-one days aftei catheteiization 
The maxinium time adequate blood samples weie obtained fioin the portal vein 
was thxrty-foui days In seveial animals the poital vem was successfully cath 
eteiized two oi moie times at inteiwals of several weeks In only one animal did 



~ fnl \cin luinfii'- 

Fig 1 — rechnique of insertion of fine polyethjlene tubing into por 

complete thiombosis of the poital vein lesult, and this followed tube 

catheteiizations of the poital vein at two- to thiee-week inteiva s, 
having been left m the vein foi two months peiiodi 

Although adequate specmiens of blood weie aspnated foi ° p|yetlivlen<^ 
in 37 5 pei cent of the expeiiments, some degiee ot leaction to ^ ^ 
tubing was noted in eveiy case where the poital vein was exaniine ^ ttiioui 
The fiist leaction to the polyethvlene tubing was the fmiR^ patei, 
bus surioundmg the mtialumiual portion of the tubing ( J^tlnla^uH'‘o 

tissue was laid down over the tube with puckering \-inftei the tubiug"“^ 
(Fig 3 ) These events took place in from two to foui wee ^ eoiiipkh^^'' 
ulseited into the vem lumen In one instance the tu mo ^ the 

eluded from the vein lumen by fibious tissue at three granulaho*' 

tubing remamed free in most cases, however, although an 
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was sometimes seen on the intima adjacent to the fret, tip or the tubmj At 
tempta to obtain blood sample:^ over peiiod:» or several da^'s trom vein* or '=mall 
size cathetenzed with polveth^Iene tubing were iinsun.es*rnl It is evident ironi 
Figs 2 and 3 that the lumen oi a mall 'em mar bei.ome ot-i-lnded promptly 


r 




, Fig 3 — Pol>«th>lene tubing inserteJ mt portal t-ein t ent> two ilaj-3 prior to ai.rixlcxj 
« the dog. Note coiling of esceaa tubing arrow points to open end. scamug and pu<u.enng 
« mtiinal lining around poUethilene tubing, sampler of portal blood were a^piraiea tlirough 
'abing for 5t^n days. 


DISCUSSION 

It is apparent irom these experiment* that catheterization or large veim> 
°iav be earned out with pohethvlene tubing or small caliber and that saiisiac 
tory blood sample^ mav be obtained over a period oi approxunatelv three weeks 
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^ of portal \ein XIG timal *s^urface of ' eln 

twentj ^^a^s piior to saciiflce of dog Lumen o^vein^ surrounding 


Fig 4J. — Vliciophoto 


twentj aa^s piior to saciiflce of dog 1 , Lumen of vein -'/“■S,‘i^inMq°tissue surrounding 'pact. 
wrall and tissue o^e^lJlng poijethjlene tube See Fig 4B d F’^i'!?~®r.rnn^iation of liistologlo 
where pol^ ethj lene tube la^ Tube dislodged or dissoi\ ed during P P 


section 


Repeated catheteiizations aie possible altliougli tlieie is cMcIeiKC f la 
damage to the vein wall lesults The use of polj ethjlene tubing is an 
ment o\ei the London cannula'’ foi laigei vessels but is not sa is a 
V essels of small size , ^,jj„ jpue 

Theio has been some contioveis> ovei the tissue leaction plastid 

Ingiaham and co-vvoikeis^ emphasized the slight tissue leaction o 
111 the pine toiin Thej believmd that the maiked fibious ol 

bv Poppe and de Olnmiia-' to sheets of pohethvlene was due to le^ 
a. plasticizei Foi this leasoii Ingiaham and associates msistef ^pjcl^rdl 
ethvleiie to which thev tound onlv" slight leactioii when it was^ |”j,catc bhetln'’ 


the 


tissue of vaiions expeiimeiital animals Zimnieimaiin* did no 
he used polv ethvleiie in the piuc foiin, but it is oi iiiteiest lu^^ lyiinil 
loui expel inients wdieie the veins weie exainnied, thioni osis ^ jo the lO 
was not ceitani wdiethei this leaction was due to the tubing iccoiJetl 

iused fluid Theie was no infusion of fluids in any of the jj^.ruinni'i 
heie except the small amount used to flush the tubing out a p]jec(l o' 
end ot each aspiiation The leaction to puie poljethvlene w 
lumen ot a blood vessel may, howevei, diftei tioni the leac i 
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Flff iB •illcropliotoj.r'iph o^ junction of \eJn woll and (Ibi jus ti sue surrounding poK 
cthjlonc tube Tub Is no longer present (XlOO ) 


to the foimatioii niid bubsequtiit oi^ani-idtiou of i blood clot smiouadiiip, the 
lubmg It ^\as oui iiniiiession tiiat the fibioiis ti^isue inttion to the tubing -was 
Piogicvsue and that the loivoi flu plastic icniained m the lumen of the vessel 
the moie pionounced the le utioii hee ime ( Figs 4/1 and 4B) This su„gests the 
possibilih of usiiio this iiiitoiuil iiiti ilumimlh foi the gndinl occlusion of 
'irteiies 


SUMM \K\ 

The eathcteiizution of the i>oitiI \cm loi the juupose ot obtaining, blood 
'*iJiiples fiom the aiiibuIatoi\ do^ o\ci pioloiiged periods can be satlbfactonl^ 
PPi'foimed A\ith small calibei pohetlnkne tubing. The letropeiitoneal approach 
0 the portal \eiu lessens the peiiod of postopentne discomfort and rondel’s the 
a\ailable for shidj at an cailiei tune The infeiioi ^enl ca\a is e\posed 
’'iinultancoush bj this appioacli and ma^ also be eatheterized 

The piesenee of puie pohetinleiie m the lumen of a \em lesults in a fibioiis 
lesponse that tends to e\clude the tubing fioni the lumen ot tlie -vessel 
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With nail owing of the lumen of the vein It is not eleai liow much ot tlie fibious 
tissue leaction is due to the oiganjzation of the thionibus that suiiounds the 
tubing The fact that the fibious tissue reaction appears to be piogiessive, how 
evei, would seem to indicate that polyethylene pel se possesses some nntative 
action in blood vessels 

The authors wish to acknowledge the helpful advice of Dr C Martin Rhode and Dr 
Wilham At Parkins of the Harrison Department of Surgical Research, Unnersiti of 
Pennsjhama 
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Arnold Lvzuiow, M D Pn D 
Clcvelvnd, Ohio 

A AIETHOD for c'lri’ying out micioeoloiiinctiic capiJlaiy tube analysis lias 
been deseiibed using pipettes siiuilai in constiuction to the Mhite blood 
cell counting pipettes * The sciew syimge uas devised foi more piecise con 
tiol of the flow of fluid uithm the capillai^ tubes This seiew syringe also can 
bo used to uiipioic the aecuiacj of diluting blood foi cell counts, for contiolling 
tho floiv of liquids in niiciopipettcs (001 to 1 ce) and for contiolling the 
flou of iadioacti\e and othei toxic agents uitliiii oidinan pipettes thus avoiding 
the dangei of suching noxious mutciials into the mouth 

coNsrrucTiox 

Tho s>nngo consists of tlio following parts (tit*’ 1 and 2) X rubber collar (A) 
coDtamed witlim tho collet (B) tucs Iho pipette firmly m place uhen the collet is tightened 
Tho body of tho control dovico (D) contains the plunger (F) as nell as tho sercu control 
(E) for this plunger Tt\o doughnut shaped O ' rings (I and J) seal tho plunger witlun 
tho body (D) and mtliin tho screw control (F) Becau«:c O ring fJJ is compressed more 
tliau IS ‘O' ring (I) t tho plunger (F) uiU turn with the control screw CFJ upon rotating 
the latter and tins provides tlic delicate control of the liquid within the jiipet o However 
tho plunger can bo withdrawn directlj from the bod> without tho use of the control screw fS) 
Md this provides a coarse adjustment for the fluid volume Xn air vent avoids tho displace 
nient of the liquid witlun tlio pipctto when tho latter is removed from the collet The ‘ 0 ' 
nng IT la placed witlun tho bodj of the svnngc and seals the vent hole (G) when tho collar 
(C) IS loose Wien tho collar {€) is tiglitened the 0 rmg is distorted tlie hole m the 
bod) (D) 18 uncovered and tho vent is open The capacit) of the screw sjringe is 3 cubic 
centimeters 

USE 01 COVTROL DEVICL FOR DLOOD COUNTING AND BLOOD CHFJIISTRX 
31ICKOPIPETTES 

The collet, containmg an appiopriate lubbei adaptei is attaclicd to the 
Hugo body, the pipette is insutcd and fixed in place bv tightening the collet 
the ail \ent is closed by loosening the collar (C), and the apparatus is leadj foi 
^‘>0 B) means of contiol screw {E, Fig 3) a diop of blood is sucked mto the 
‘’tern of the pipette slightlj above the mark, tlie excess blood is wiped off the tip 
of the pipette and the blood is adjusted precisely to the maik bj simultaneously 
rotating the contiol screw and wipmg tlie tip of the pipette on the operator s 
^^oOi Tlie tip of the pipette is then placed in diluting fluid (Fig 4) which ls 
5>ucked mto the bulb of the pipette by withdrawing the plunger (F) As soon as 
the meniscus appioaehes the uppei capillary tube of the pipette, the screw eon 
is used to accomplish the final exact adjustment Tlie pipette is re 

I^rom the Department of Awatomj VVeatem Rcicrxe Uni\ersitj 
llccehcd for publication Sept. ISIS 

Ohio screw sjrlnee la available from the illcrometnc Instrument Companj Cleveland 

tTlio use of the differential O ring picssuro was sugBCsted b> V Howard of Uie Micro 
"'•wic Instrument Companj 
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moved iiom the diluting fluid and the tip caiefully wiped with the fingci oi 
Kleenex (It Kleenex is used, one must avoid placing it against the tip of the 
capillaiy in oidei to a^ oid withdiawal of fluid bj eapillaiy action ) 

The index fingei of the left hand is placed ovei the tip of the pipette, and 
■while holding the bulb of the pipette between the thumb and middle fiiigei, tlie 
body of the sciew syiinge is lotated ivith the light hand, and the pipette is 



Fife, 1 — Sci eiv s) nnge m ith niici opipctte insei ted 
1 ig 2 — Construction of scieu s>iinge 


lemoved The fingei seal pievents the displacement ot the 6“^ 


laiv dining lemoAal 
seiew sMinge 


ithm tilt taiiil 

ai pievents uie nmette 

;mo\ai An alternate method ioi lemovnig a nw' 

ai:ri.-iv '.Miimc: Utilizes the Aent The pipette and its ho c oi ai j],g piptttt 

hoiizontal position, the an Aent is opened, the collet is jpettes dio" * 

IS lemoAed (It placed in an absolute hoiizontal position, son^^ jisplattn'^"’ 
slight upAAaid moAement of the contained liciuid The j),e miH'-I'-’ 

due to the tatt that ad]ustment to the uppei maik wheuas i" 

position against the Indiostatic piessine of the luiuu m |j,j, pijitiia 

the hoiizontal position this piessine no longei exists xT',*^],(liiid wdl 
IS held at a slight angle, 5 to 20 degices to the hoiizonta , 
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ilio\e the imik iioi \mI 1 it uin out of the jiipette nlieii the \eut ib opened ) 
Tilts ill cm he iccomplibhed without iii im m it ifftcting the position o± the 
meniscus ^vithiii the inu lopipctte 



Fig 3 Fie 4 

3 — Jleasurinff a drop of blood In the micropipettc wjth Uit fine control crew 
Flff 4 — Diluting the blood in the bulb of the pipette uslnt the plunger (F) 


USE or SCRr\\ S'iniXGC ^MTII 1 or 2 c c pipettes for rvdiovcti\f 
OB OTHER TO\IC LIQUIDS 

The pipette is iiLseited mto the collet and the \ent is closed means of 
the pluiigei (F) the liquid is sucked up into the pipette abo\e the desiied maik 
the outside of the pipette iiiaj be \\iped if desiied, the tip of the pipette is then 
placed against the side of the bottle and the final adjustment to the mark is 
made ^\ith the sciew dcMce The pipette is tiansfciied to the desiied container, 
Ihe \ out is opened and the pipette allowed to drain bj gia\it} 
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69 THE CRYSTALLIZATION OF SEROTONIN 

Irvinf H Page, M D , Maurice M Rapport, M D (By Ini'i cation ), ind 
Arda. Alden Green, MD (By Invitation) 

Cleveland, Ohio 

When oigans aie peifused with blood oi seiura, piogiessive va&oconitiittioii 
often makes it all but impossible to foice blood thiough them The substanto 
causing this Aasoeonstiietion has nevei been identified noi isolated In vien 
of its piobable impoitance in the vasoeoiistiietion occuiiing aftei luptuie oi 
thiombosis of vessels such as the coionaries, oi aftei tissue mjuiy lu shock, it 
seemed impoitant to find out something of its chemical natuie 

The isolation fiom beef seiiim depended on (1) piecipitation of beet 
seium pioteins Avith alcohol, (2) precipitation of salts, piiosphatides, auu 
ammo acids Avith acetone, (3) ehloiofoim extiaction, (4) evtiactioii ot tlie 
active piineiple Avith butyl alcohol, (5) piecipitation of the active piinciple 
fiom but3d alcohol Avitli 5-nitiobaibituiic acid, (6) decomposition bv addnion 
of acetone to hot acpieous solution, (7) extiaction of filtiate lesidue AVitb uarn 

absolute methanol, (8) leciystallization fiom Avatei -acetone 

Thin, ihomboid plates (m p 212-214®) weie obtamed which seem iiomo„ 
enous Coloi reactions and ultraviolet absorption mdicate die pre^i^e o 
indole nucleus in the stiiictuie The empiric formula is CuHsaO 
sulfate analysis suggests that Serotonin is a sulfuric acid salt ot an oio* 
base with the formula CnH^iOsN^ H 2 SO 4 . 

Serotonin is more than tivice as active as adrenalin m e^jiisiug coi 
of the vessels of peifused rabbit ears Isolated strips of rabbit ileum 
tiacted bj'^ it Injected mtravenously into dogs 01 cats it caused a 
arterial pressure much like that of adienalin The use Avas 
sjunpathectomy It does not appear to produce tachyphylaxis A\lien „ 

peatedlj' m small doses g minniii 

An enzATiie has been prepared from lung Avliich inactivates be 

70 MANAGEMENT AND CLINICAL COUKSE OF LOWER 
NEPHRON NEPHROSIS 

WiLLLAM S HOFPJIVN, MD , AND DaNIEL IMaRSH VLL, MD (By 

Chic VGO, III 

Six patients Avith loAvei nephron nephrosis from ^ Lgjjoii ot 
been managed by a legimeii that included a deliberate, slow 1 tlic it 

of nearly normal eleetiolyte composition for the purpose , to '"keep 
cumulatmg mtoxication products Other measures A\ere e patients f™”' 
patient in a good state of nutiition The aim out ot tbe 

djung 111 uremia before the lenal lesion began to ®’^^k>side alter 

patients recovered, the sixth died in uiemia and heart .pjate ie')tor3tto” 
the onset of diuresis Four of the lecoieied patients la 
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to normal renal function One patient, a child of 2 years, still had moderate 
renal insufficiency fi\c months aftei the onset of diuiesis This condition was 
nssoeiatcd nith the development of bilatcial calcinosis of the Kidnevs as seen 
oil 1 C ray 

In these patients, the oligui ic phase lasted from ilv e to thirteen day s The 
serum iionpiotcin nitiOotn lose to levels of 145 to 243 mg pei 100 ce and did 
not begin to subside until scveial days aftci diuiesis began Edema oceuried 
early even vvlitii lluids vvcie not spetiallv admiiiisteicd Tlie serum chloiide and 
sodium concentiation tended to leaeli daii 5 ,eiously low levels (in one instance 
the chloiide concentiation «as 58 nicci pel litci) This development liad to be 
combated by infusions of 2 pel cent salt solution With eaieful contiol of the 
quantity and composition of tile edema fluid svmptoms of uicmia vveie miuimal, 
and tile patients ate well without vomiting The leveling of the seiuni non 
protein nitrogen concentiation duiing the lattei pait of the oliguric period was 
due either to the diluting effect of the edema or to diminished tissue breakdown 
brouglit about by the impiovcd nutrition 

71 STUDIES ON PROLONt.CD SUPPUR VTIVP INFECTION 
IN MAN 

OcoRGF W JvMES III, JID Ell LI vN A Ridlet MD, Joseph C 
RoniNSOv M D Rodert E Johnson M D vnd Robfrt M 
IiuVRK MD CiHCVGO III 
(Introouciu d\ Robert W Keeton MD ) 

Despite advances in surgical tcchiiKiucs and the visorous use of blood and 
plasma transfusions, sulfonamide derivatives and antibiotic substances, sup 
puratioii persists in a iiumbei of patients vvitli infected tiauinatic injuiies 
Theiofoio, diiiiiio the past vear clinical baeteiiologic and laboiatoiy studies 
"ero made on ninety one vouBo men suffeiing with diionic suppuiating lesions 
the bones kidneys and other soft tissues A gioup of twenty seven patients 
and ten bediidden contiol subjects vveio studied moie intensively than the 
tomaming siNty foiu patients 

Although the aveiage peiiod of hospitalization was twenty thiee montlis 
at the beginning of observation fair iiutiitional status was maintained There 
iras an aveia„e weight loss of 7 9 1 ilogiams but no clinical evidence of vitamin 
orpiotem deficiencies 

SuNty thiee pei cent of the patients wcie infected with Staphulococcus 
^^ireus Pathogenic spoie bearing organisms Plocamobactei mm aetogenes, Aeio 
iacter aerogejies, and gamma (nonhcmolv tic) sticptococci were fiequently iso 
latcd Jlultiple infections and eoiicuiiciit self contamination vveie common 
nudings, and a coiichtion was found between hemOololnn levels and numbers 
of diffeieiit species of oioTUisms in the wound Tlie moie diffeient „encra of 
mgamsnis the lowei tlie hemoglobin levels 

Hematologic data weie essentially iioiiiial Anemia was a laie finding 
Blood and plasma volumes were ineieascd 10 to 20 pel cent when e\prcssed as 
■1 function of body weight Total ciiculatiiig hemoglobin was sioiiiflcantly re 
uueed in those patients with seveie infections A inaiked piedomiiiance of 
imall spherocytic reticulocytes was observed, but no othci abeirant cells were 
seen 

Depiession in seiiini non iiid elevation of seiaim coppci levels wcie more 
marked in patients with scveie infection Serial studies during spontaneous 
remissions mdicate an initial shift of seium coppci levels toward noimal This 
m followed at a later date by elevation of serum non levels Pieliminaiy oh 
scrvations following daily oial admiiiistr ition of 60 mg cobalt chloride reveal a 
Mtieulocytosis during the thud to fifth week of therapy and increases in red 
blood cell count, hemoglobin levels, hematocrit, and total circulating hemoglobin 
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69 THE CRYSTALLIZATION OP SEROTONIN 

Irvinf H Page, MD , Maurice M Rapport, MD (B\ Ini'iivtion), 

Arda Auden Green, MD (By In\uti.tion) 

Cleyeland, Ohio 

When oigans aie peifused with blood oi seium, piogiesbive vasocomtiRtioii 
often makes it all but impossible to foice blood thiough them The substance 
causing this vasoconstiietion has iievei been identified noi isolated lu ne" 
of its piobable impoitance in the vasoeonstiiction occuiiing after luptiue or 
thiombosis of vessels such as the eoionaiies, oi aftei tissue injuiy in shock, it 
seemed impoitant to find out something of its chemical natiiie 

The isolation fioni beef seium depended on (1) piecipitation of bee 
seium pioteins with alcohol, ( 2 ) piecipitation of salts, pliosphatides, anu 
ammo acids with acetone, ( 3 ) ehlorofoim e\tiaction, (4) e\tiaction of tie 
active piinciple with butyl alcohol, ( 5 ) piecipitation of the active ® 

fiom butyl alcohol with 5 -nitiobaibituiic acid, ( 6 ) decomposition ’ 
of acetone to hot aqueous solution, ( 7 ) e\ti action of filtrate residue intii w 

absolute methanol, ( 8 ) leciystallization fiom watei-acetone 

Thin, ihomboid plates (mp 212-2140) ^^eie obtained which seem Jiorao., 
enous Color reactions and ultraviolet absorption mdicate the pie^ime 
indole nucleus in the stiuctuie The empiric formula is GJ 4 H 23 C 1 5 j,, 

sulfate analysis suggests that Serotonin is a sulfuiic acid salt ot an d* 

base with the formula CnHo^OsNs H 2 SO 4 nqtrictioii 

Serotonin is inoie than twice as active as adrenalin in causing co 
of the vessels of perfused rabbit eais Isolated stiips of rabbit 1 ‘ jj, 

ti acted by it Injected mtravenously into dogs 01 cats it caused a s ‘ j 
arterial pressure much like that of adrenalin The use was ang ^ 
sympathectomy It does not appeal to produce tachyphylaxis v = 

peatedly in small doses qmntmiiii 

An enzynne has been prepared from lung which inactivates 

70 MANAGEMENT AND CLINICrkL COURSE OF LOWER 
NEPHRON NEPHROSIS 

William S Hofemin, MD , and Daniel Mirshvlu, MD (Br 

Chicago, III 

Six patients with lover nephron nephrosis from of cikair 

been managed by a regimen that included a deliberate, „ fijlutmg 
of nearly normal electrolyte composition for the to keep 0 “' 

eumulatmg intoxication products Other measures veie | patients imn' 
patient in a good state of nutrition The aim was to of t'le ’i^ 

dying in uremia befoie the renal lesion began to da's atte 

patients recovered, the sixth died nr uremia and heart jjpjcte icstoiatio’ 
the onset of diuiesis Four of the leeoveied patients la 
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compiLv possesses autiliiotie acti\it\ Noinul human subjects ueie oUcii ens 
tjllme penicillin G follouiiiQ uliieli a 500 ml blood sample was fiactionited 
mto Its aarious piotein fiactions The pcmtilliii uas abiiost qinntitatueh 
recoierable in fraction VI, nliicb in actmlite iipiescnts that poition lenniiiiiij, 
aftei all other fiactions ba\e lieLii piccipitatid The plasma coiitiol assijs £oi 
penicillin and the fraction VI assns ncic identical in each nistanee ^ddi 
tioiial studies neie caiiied out bj dnhsis ol nholc plasma and some ot the 
larious fiactions undei ttmpeiiitnic conditions tint Mould not be deleteiions 
to penieilhii Theie m is no cndtiiet of in ieti\ ilion oi antagonism of the peiii 
cilliii bj aiij of the piotein iiaetioiis noi cMdciice ot am combination Mitli the 
protein fractions in the diahsis expciimcnls Simiiai studies nndei nm Mitb 
baciti'aciii seem analogous 

74 THE ANESTHETIC AND AM IIIISI \MINIG ACTION OP 
SERIES OP ANTIHIST VJHMC OKI ( 'a IN HEWN SKIN 

John U Keating, H D {B\ Inmtvtion) vnd ( iiirles P Code M D 
Rochester AIinn 

The anesthetic poteucj and the antihistnmiiuc action of ciiuiiiiolai con 
centratioiis of Benadi'j 1 Pjiibeiizaminc Ncoantiuan 3015 RP and 3277 R P 
Mere deteiinined in the skin of noinial human subjects In descending older of 
anesthetic potency, the dings laiilcd 3277 RP 3015 EP Pj iibeiizamuie, 
Neoantergau, and Beuadrjl In dcscoiidin„ oidci of the abilitj of the dings to 
inhibit histaimne flaies thei «eio PMilienzimmc Neoautcioaii Benadijl 
3015 RP, and 3277 RP The findiii„s that those eomponiids Mhich have the 
greatest local anesthetio poteiicv arc not those with the greatest autiflaie effects 
supports the view that the llaie iiihibitiiig piopeitv of these sjnthetic anti 
histammic dings is not diiecth dependent on then local anesthetic activitj 
and theie is thus a separation betMcon antiliistamiiiie md mesthetio actions 

75 PAILUEB OP ANTIHISTAMINIC DUDGS TO REDUCE REACTIVE 
HYPEREJIIA in 3LVN 

lIiLTON Iandownt HD VND WvLTFR S Thovipson HD (Bi Invitvtion) 
Chicvoo III. 

Ill the classic studies of Lewis mid Grant oii reactive liypeienua evidence 
"as presented suggestmg that this vasodilatation was due to the accumulation 
of a chemical in the legion of ciiculatorj aiicst Baisouni and Smirk reported 
that a substance with the biologic piopcrtics of histamine could be detected in 
Ihe venous blood during leactive hjpeiemia in conceutntions up to 06 giiiima 
Per cubic centimeter This evidence together with the implication of Lewis 
studies has led to a tacit acceptance of the concept that leactive hypeiemia ls 
Pnmanly due to the accumulation of histamine like substance The follow iiig 
cbseivatioiis, in which reactive hjpcieraia could not be i educed bj antiliista 
niinic drags, seriously challenge the validitj of this concept 

Reactive hyperemia was produced bj the application and release of lu 
niflatablo occluding cuff placed about the thigh in seven subjects These in 
aluded uoimal subjects and one hj pel tensive patient befoie and aftei stmipathec 
tonij lleasurements of volume change and blood flow in the foot weie made bv 
Weans of a venous occlusion plethj sraograph Occlusions were maintained to 
produce manifest hjpeiemia (five to ten minutes) and tliieshold oi minimal ic 
sponses as well (one half to tliiee minutes) The initial inflow aftei release 
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of occlusion was considered to reflect the dilatation produced Aftei a period 
of contiol obseivatioiis of lesting flow and reactive hyperemia, Benadijl (beta 
dimethylammoethyl benzhydiyl ethei hydrocliloiide), 10 to 30 mg mtiave 
nously, 01 Pyiibenzanime (beta-dimethyl-aminoethyl-2-pyudyl-benzyl am 
moniuni chloiide), 50 mg orally, was administered Obseivatioiis weie lepeated 
at inteiials foi a peiiod of inoie than one hoiii No diminution was detected 
111 the ciiculatory response to arterial occlusion The sunimaiized averaged 
blood flows in cubic centimeteis pei mmute pei 100 c c limb volimie, with the 
numbei of deteiminations in parentheses, are as follows 

RESTING REACTIVE nr PEREllU 

Before drug 2 70 (134) 8 33 (39) 

After drug 2 62 ( 99) 8 78 (30) 

There was no essential difference between different subjects oi aftei vaij 
ing durations of occlusions 

In several instances the intiadeimal injection of 0 1 to 1 0 gamma of his 
tamin base demonstrated the effectiveness of the antihistammic ding 


76 CLINICAL OBSERVATIONS ON HISTAMINE ADMINISTEATION 

DURING PREGNANCY 

Thowas W jMcElin, ]\I D (By Invutation), and Bayard T Horton, MD 

Rochester, DIinn 

The leceiit obstetric, phj^siologic, and pharmacologic liteiatuie 
discuss the oxvtoeie effect of histamuie in women and in animals As i 
as 1946, editorial comment in the Obstetuccil and Gynecological 
minded that histamine exerts a powerful stimulating effect ....j to 

metiium An impressive array of experimental liteiatuie may he 
document this opinion Two of the earlier studies conducted were 
Hotbauei and of Bourne and Brim The former aiithoi pomtec 
uteime spasm is one of the observable responses in acute ^ 

m pregnant guinea pigs Bourne and Burn in 1927, Instanime 

with manometei attachments in par tui rent women, pieseiit) 

injected subcutaneously in a dose of 2 0 mg (reckoned in terms o 
piodnced pow'eiful but shoit-lived uteiine contractions , 

In the course of a prolonged program of cbiiieal atvpi*^*'’! 

ment of the so-called vascular diseases, allergic diseases, ana ^ 

pain patterns not amenable to more usual forms of tieatmen , ^ jjjg mtia 

casion to admimstei oi to prescribe the administiation of ^ ot the ap 

venous oi subcutaneous route to fifteen pregnant women tjie com 

parent pharmacologic inconsistencv of such therapy and hec lecord 

plete absence of any undesirable secjuelae of such tieatmen , w 
oui observations , , of niulhP*''’ 

Our fifteen patients (twelve of whom had received ^ Duimg 

sclerosis) were treated in a five-year period ending Apiil, and 

time appioxmiately 70,000 intravenous mjections of g^naiit pabe"'' 

some 4,600 patients were seen in oiu laboiatoiv The senes ° Lg°^eceived 
included both piimigravidas and multigiavidas Srx gj-jod ot 

cutaneous mjections of histamine daily thioiighout the en ‘jj^outh of 
tion Intravenous injections of this drug were given in through 

nancy and in two instances the injections were given j,i thirtccu ol 

out the entire third tiimestei to vvnthin three davs ot dc iv no 

the fouiteen patients who have thus fai been deliveic , 
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leudtiicj to piematuie labor TweKe of these foiuteeii have had tlieu labor 
after the expected date of confinement 

The inavinnl amount of histamine given «as admniisteied to a piimi 
gravida 23 jeais of age, who had multiple scleiosis This patient received 
fortj file intiaienoiis injections each of iihieh contained 2 75 mg of histamine 
disphospliate (1 0 nig of histamine base) dining the third, fourth, and fifth 
months of her pregnanej 

Onlj one event which might in aiij wav be eoiistiued as lepiesenting an 
untoward effect on the piegnaiit uteius ociuiied in the entire senes A 
prmiigravida, 29 jeais of age sustained one episode of slight vaginal bleeding 
twelve hours after a subcutaneous inicvtion of 0 137 mg of histamine diplios 
phate (0 05 mg of liistaniine base) The month of the piegnancy iii which this 
bleediiio occuried is not 1 iiown This is one of the smallest amounts of his 
taiiniie given to anj patient in the gioiip so that the significance of tins obseiva 
tioii IS questionable 

We wish to suggest on the basis of oiii exiieiieiice that tlieie is at least 
an appaient lack of a clinical owloeie ellcct of liistannne diphosphate when it 
is admmistered to pregnant women bv the subcutaneous or intiavenous route or 
by both routes in tlie thoniieufic dosages mentioned We offoi no piefeiied ex 
planation as to whj the o\j toeic cITcet dcsci ibcd bj so many authors and attested 
by abundant laboiatoiv stud) did not occui V few of the possible eaplana 
tions which immediatel) piesciit themselves aie (1) that the elevated his 
tammase level known to occm in piegnant women might be responsible for the 
maetivation of the injected histamine (2) th it the dosage of histamine used 
was not adequate to provol e a clinicallv oliseivabic owtocic lesponse (3) that 
the altered neuiogenie lesponse in the twelve patients ui this series who had 
multiple scleiosis may in some wav in these patients have alteied the predieted 
effect 


77 BBTROBULBAR NEURITIS, TRL VTIMENT WITH HISTAMINE 

Bav iRD T Horton, M D , vnd Henri P AVigener, MD (Bv Invitvtion) 
Rochester, AIinn 

With THE Technic iL Assist vNCE OF Bveivn F Hclgerson MA 

The typical syndrome of retrobulbai neuHtis consists of loweied visual 
acuity, some foiin of scotoma in the visual field, and usually a normal appearing 
nerve head In both the acute and chionic forms of this syndrome edema and 
interference of the blood supply to the optic nerve are evident The axis 
cylinders will withstand ischemia foi considerable time befoie final degeneia 
bon hegms A vasodilating agent which wilt increase mateiially the blood 
supply to the optie neive is the most satisfactory means of lustoiing its func 
bon Spontaneous recovery may and fiequently does occur, but in oui e\ 
peiieuce unless it begins within thiee weeks after the onset of symptoms, it will 
uot be complete 

Histamine is the most poweiful vasodilating agent available for increasing 
the blood supply to the central neivous system hence tlie rationale for its use 
m the treatment of retiobulbai neuritis Compared vnth otiici foinis of tieat 
roent it is more universally applicable is less discomniodnig to the patient does 
not necessitate hospitalization and seems to result in moie rapid and complete 
recovery of vision 

In this study we have emploved a 1 250 000 dilution of histamine admin 
stored intravenously by the diip method at rates varying fiom 24 to 48 drops 
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pei mumte Tlie late emploved depended on the patient’s toleiance Tieat 
ment toi one and one-halt hoius has been earned ont daily oi eveij. otliei dai 
loi fioin one ^\eek to tluee and one-halt yeais No untowaid leactions haie 
been obseived One patient leceived 410 tieatments In the light of oui leceiit 
expeiiences it is obvious that some ot oiu eailiei patients had inadequate tieat 
ment 


Dining the past six yeais we have administeied histamine to snti one pj 
tieuts who had letiobulbai iieuiitis Of these sixty-one patients, tliiityfoiii 
weie women and twentj^-seven weie men The ages langed fiom 9 to 49 yean, 
vith an aveiage age of 30 5 yeais 

Eighteen patients pieviously had been given tjqihoid vaccme mtiaveuoush 
None of the eighteen legained noinial vision, seven obtained 25 to 75 pei cent 
iinpiovement in vision, ten noted no change, and one expeiienced gieatci loss 
oi M<-ioii attei tieatnient with tvphoid vaccine When these same eighteen pa 
tieiits weie tieated ivith histamine administeied intiavenoiisly, five legamed 
1101 mal vision, five obtained 25 to 75 pei cent impioiemeiit, and eight noted no 
change 

Foity-thiee of the sixty-one patients had not had pievioiis tieatnient witli 
tvphoid vaccine but did leeeive histamine intiavenouslj'' Of these foiti tliiec 
patients, nineteen legaiiied noimal vision, thiee obtained 75 pei cent lecoieii, 
SIX, 50 pel cent leeoveiy , five less than 25 pei cent recoveij , and the leraaiiiuig 
ten noted no change 

Twenty-tv 0 of the sixty-one patients had had visual loss foi moie than one 
yeai , five ot these legained noimal vision Five of the sixty one patients Jiaij 
had usual loss for six months to one yeai and none of these legamed noinial 
vision Eight of the sixty-one had had visual loss foi thiee to six mouths and 
SIX ot these legained noimal vision Twenty-one ot the sixty one patients hai 
had visual loss foi one month oi less, twelve of these legauied uoimal 
Pi\e of the sixty-one patients weie unable to fuinish definite data as to 
onset ot then visual loss and of this gioup one obtained noimal vision 

111 summaiy, it is inteiestmg to note that twenty-foui ° gf 

patients legauied noimal vision and that the vision of ten impioved ou ^ ^ , 

cent Although eighteen of the sixty-one patients had had pievious i 
with typhoid vaccine, none of the gioup had noimal vision tollomng 
of tieatnient Howevei, when histamme was adminioteied intiaveiiou . 
same gioup of patients, five legained noimal vision 


78 THE PREPARATION AND PROPERTIES OF HDViOtAblAN 
STRIATED MYOFIBRILS 

Arhix F Schick, MD (By Invitation), and George M Hiss, 2ID 

Chicago, III 

A physicochemical method foi isolation and puiification '’iniiii-' 

mammalian skeletal and caidiac muscle has been devised nntiotou’^^ 

fresh muscle veie fiozeu and cut uito thm sections with a tie ^giutum 

The sections veie tiaiisfeiied diiectly to a piotcolytie ell'll “ i" 

(0° C pH, 7, ionic stiength, 0 25) Attei digestion at u o 
foity'-fiie iimiutes, the myofibiils weie sepaiated by' ‘ otjier 

Following this, the segiegated myofibiils weie 

and interstitial components of muscle by contiolled centii □ ,„f,(ics F 

The isolated imofibiils vhith veie obtained in length an 

method had characteiistic physical propeities Hiey 
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breadth but retained the essential inicioscopic stmctuial detail, plasticity and 
birefringence, chaiacteiistic of niyofibiilg in then noianal lutiacellulai loca 
tion, prior to application of the procedure foi isolation They were soluble in 
a slightly alkahne reagent (0 5 uoimal potassium chloride plus 0 03 normal 
sodium bicarbonate) gnmg riscous solutions ubicli displajed a strong hire 
frmgence of florv In buffer solutions u itli an ionic strength of 015, the myo 
fibnls dissoh ed on the acid side of pH 4 0 and on tlie alkaline side of pH 10 0 
In phosphate buffer solutions uith an ionic stiength of 0 5 the mjofibrils dis 
solved when solutions ueie on the alkaline side of pH 6 3 In phosphate buffer 
solutions intli the lonio stiength ineicased fiom 0 15 to 0 5 bj addition of potas 
Slum chloride, the nijofibiils were soluble iiheu solutions Mere on the all aline 
side of pH 6 0 

The isolated inyofibiils, although piobablj modified in some respects by 
tryptic action and mechanical agitation duiing isolation at 0° C, exhibited the 
property of eontraetilitj uheu placed in dilute neutial solutions of adenosine 
triphosphate Under tliese conditions mrofibiils isolated fiom skeletal muscle 
of man and rabbit contracted rapidlr so tint long fibiilhi stiuctuies with 
sharply defined microscopic character istics weie eon\ cited irreversibly into 
spherical masses with no recognizable structuial detail 


79 CASTOR BEAN SENSITIVITY 
W P OiniER ilD Clciei vnd Ohio 

Five men working in a mill where castor beau is piocessed complained of 
ellergio sjTnptoms associated with this occupation 

The tire were skin tested with seren cMiacts of lastoi bean pioducts All 
of them had a positir e reaction to one or more of the extracts Tliree of the five 
Were then tested by the Prausnitz Kustuer passive transfer technique The 
reagins identified by tlus method were identical with the positive tests obtained 
by direct skin testing An extract of castor pomace gave a positive test in all 
five patients All of the patients associated contact with this substance with 
their clinical symptoms 

Thuteeu control subjects were skin tested wuth the same extracts Eight 
failed to leaot to any of the castor extracts Three gave slight irritative non 
specific reactions Two control subjects reacted in some degiee to most of the 
extracts The latter two were foundrymen suffeiing fiom asthma The rela 
honship of these positive tests to their asthma has not beeu determmed 


80 berylliosis OBSERVATIONS AND REPORT OP CLINICAL 
STUDY OF SEVENTY CASES OP CHRONIC DISEASE 

Wmi, VRD M vcHLE JI D New York, N Y 

Berylhosis may be defined as i general disease characterized chiefly hj 
Pulmouaiy insufficiency and having the major pathologic changes m the lung 
R results fiom the inhalation of finely divided berj Ilium compouuds 

The epidemiology and etiology of the disease are discussed, and a summary 
of the clinical study of seventy cases of chrome disease is presented Report 
•s made upon chemical findings ui the tissues of persons with fatal cases and the 
Pathologic anatomy of the disease is discussed bnefly Data on concent! ations 
ot betylhum in the air of plants are leiiewed X ray films from repiesentatne 
cases Will be presented 



1614 


0E.NrKVLSOCIEn CLIXJcA. KKSMliCH 

/7 -- -- ir rr; - 

ji.H.eff^fC'S.i'rst'a'!: S™ .f. T' •*■“ 

to piovide such seivice to the dentjstTrS ®®hecially fiaiiied 

of the subjects All saiuples weie coll?e77rf ^ toi most 

01 the teeth aftei the subjects che^ml paraffin '' 

decaj (niunbei oTL^jS^SacesrSS^rtn/^ 
the pieuous nme to twentj^^e month. 1 7 ^ 

eoiielatiou was evident except ivith th^’ hnW^ moutli lijgieiie No 

hygiene The data offei nSi o-To .nnn i state of 01, .1 

piovide a diagnostic oi pio-nostie nVJs 

appaient lelatiouship e^udenOv Ain 

the aieas foi lodgnint of nabnlifm* tiygiene of the oial cavib and 

piocessof caiiesinitsSf ^ Pabulum fox bacterial giowth lathei than to the 
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TheroxX G Randolph, MD, Chicigo, III 

gestion^oi aUeisem^fnnrl^*^'^^^ toiticoUis have been obseived to iollou tlie in 
Although the specifically sensitized patients 

the posteiiox eeivieS nnisctp^. taughtuess pulling, aching, and tendenieM of 
obseived as manifp.tnimM^^^^’ ^'ithout associated headaches, ha\c lieeu 

induced foUowmo- fho ^ ehionic food alleigy and such symptoms Jia\e ken 
acute toitieollis haw mgestion of alleigeme foods, instances ot 

of ceivical nivalp-ip desciibed on this basis As a lule, lecurrenccs 

toitieoUis ^ ^ ^ allergic basis do not go on to the development of acute 

neck includp^tlip^liv^^^^^ encunmtances for the development of an alleigic I'r' 
ingested food degiee of specific sensitivity to a commonb 

pi 101 to an pvph r.^ Pi^^ously had been avoided foi at least thiee 01 toui da'j 
ivith an allpicnf ^bis food This, 111 tuin, is usually associated 

aftei the pvpn,n of such seventy as to cause the patient to letire shorfl' 

fiom bed flip -e fi lilotion on tuxnmg in bed diiinig sleep, upon arismg 

may be nioinnig, 01 within the fii-st half hour aftei aunng 

localized tn n ^ sudden onset of an evciuciatingly severe pam sharpi 

mastoid evquisitelj^ tendei area ni the tiapezius or steinodeido- 

the head m a Ctontiaetiue of the invoked muscles with immobilization 0 
"■louDs favoxing the shoxtening of the afteeted muscle 

on nmtinn nJ^+h^^^u a pioteetive measuie because of the 

IS maiiif'iinpd lelatively fixed position of the head and slio|d‘ 

coinc?dpn+ following which the attack giadualli 
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83 THE ErFECT OF VARIING THE DOSE OF IODINE ON THI 
BEHAVIOR OF RADIOIODINE TR \CERS IN PATIENTS 
AVITH EXOPHTHAEMIC GOITER 

l> S Chiids, Jh, MD (B\ IwirviioN) I K Ivj \ting Jr AID AI JI D 
AVilllois, Ph D (Bi In\]tvtion), ind M II Power, PhD 

ROCHESIEU, JIlNN 

Five patients who had exoplithahnic goitei leecived lepeated tracei doses 
of I'n |)> mouth, mtli i ining (iiniititits of si ihlc sodium iodide us cairiei 
The beliavioi of each dose m as follon ed by means of senal measurements of the 
uiteusitj of ladiation osei the tliyioid ghnd and abdomen, and of the con 
ceiitratioii of I'^‘ in blood seiuiii and mine 

AVhere small quantities of iodine (1 to 100 fig) neie used a laige piopoi 
lion of the dose nas aceumul ited and letained m the thjroid gland The guan 
hty of in the thaioid gland incieused isponentialh foi si\ to tiveiitj fnui 
horns and thereafter decreased \ ery slowly 

A?hen large quantities of iodide (10 mg ) ncie employed little or none of 
the dose remained in the thjToid gland and a large pioportion (80 per cent) 
appeared in the urine Ohsenations o\ei the thvioid gland levealed a prompt 
hut temporary aecumulation in the thjroid gland nhieh leached a peak repre 
seating 15 to 35 per cent of the dose within thice hoiiis Subsequently, the 
radioiodine content of the thjioid gland decerased rapidly until at twenty 
four hours only a small fraction remained This decrease of I”‘ in the thytoid 
gland occuired at a lato comparable to but somciihat sloiiei than the rate of 
disappearance of ladioiodme from the blood 

AVhen an inteianediate quantitj of iodide (1 0 mg ) was used the ciuves 
describing the changes iii concentration of I”' in the tlijioid gland appeared 
to be composites of those obtained in the high and low earner groups The rate 
of disappearance of radioiodine fiom the blood and the quantities esentuallv 
acc^ulated in the thjroid gland or e\eicted in the mine likewise were niter 
tuediate between the other groups 

It IS suggested that the iodine aecuniulating function of the hjpeiactne 
tfyroid gland obseived aftei the use of small doses of labeled iodide is largelj 
or entirely related to the sjuithcsis and storage in tlie thyioid gland of organic 
compounds containing iodine 

The function of the hjpeiaetne tlnioid gland which is obseiied when 
‘urge doses of iodide aie administeied appears to be siniilai to that desciibed bj 
Astwood m the noimal human tlijioid gland blocked with antithyroid dings 
ond appeals to repiesent the storage within the tli 3 ioid gland of iodide as such 
The function of the kidney with lespeet to the excretion of iodide did not 
appear to be materially altered o\ei the range of doses lieiein emplo>cd 

^ Evaluation of the use or anterior pituitara extract 

IN THE TREATMENT OF PITUITARA DAVARFISM 

Joseph G Edwirds MD Cecil M CHiRLts MD (Bi Inmtition) ind 
CirilM MAcBRiDE, MD St Louis, JIo 

This study was based on the tieatment of eleven dwaifs with pituitaij 
growth extract Bight patients exhibited all of the chaiaeteiistics of pituitary 
UHarfs Case 4 had hid satisfacton tieatment toi congenital syphilis A 
'■"clfth dwaifed patient with normal epiphrses and genital development reached 
uornial size m two jeara with treatment by desiccated thyroid 0 06 Gm daih 
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alone Case 6 had had Pott’s disease of the tenth dorsal veitebra Cases 3, 6, 
and 7, although having the appeal ance of pituitary dwarfs witli genital md 
general physical under development, had no delay in epiphyseal development 
for then ages 

Method of Btudy — After preliminary periods of observation with accuiatc 
anthropometric measurements, each of the eleven patients was given Phjone 
pitmtaiy evtiaet (Wilson), which contains both giowtii and thyrotiopie factors 
An initial dose of 0 25 e c , then doses of 0 5 and 1 0 c c on alternate davs weic 
given intramuscularly A 20 ec dose thrice weekly was continued foi two to 
sm months with contiol intervals without treatment 

Basal metabolic lates were normal in all but three patients No patient 
had myxedema Cases 1, 4, and 8 received dady doses of 0 03 to 0 12 Gm of 
desiccated thyioid daily in addition to Phyone tieatinent because of slightly sub 
noimal basal metabolic rates Case 11 received thyroid a short time to note anj 
added effect on growth, no significant change was noted The other eight pa 
tients receiving Phyone weie not treated with any thyroid, androgen, oi estio 
gens during then obseivation on Phyone treatment 

Blood counts, hemoglobin, unne analyses, and blood Kahn tests w'ere nor 
mal Roentgenograms of the slmll iveie normal in nine patients, and two had 
budging of the eliiroids with small sella tureicas 

Results — Case 3 was the only one of the eleyen whose height and weight 
at the end of treatment exceeded the minimum average height and weight for 
his age The normal growth cuirves for boys and girls are shown m the same 
scale as the growth curves of this group for companson 

Oui patients failed to show an increase m stature or weight so definite that 
it could be attributed to the use of the gxowth extract Phjmne alone 

Conclusion — ^Further studies with more potent pituitary growth hoimoncs 
are needed before one can unreservedly recommend the use of commeieial gioirt 
hoimones for prolonged treatment of pituitary dwarfism 


85 EFFECT OF INSULIN ON TUBULAR REiVBSORPTION OP GLUCOSC 

IN DIABETIC PATIENTS 

jMel\un M Chert vgk,MD (By Invitation), Luke J Grinelli, M D 
(By Invitation), Helen L Rhettv, M D (By Invitation), 

AND Robert W Keeton, hi D , Chicago, III 

In 1941 Shannon and associates reported a 10 per cent 
renal tubular leabsoiption of glucose (TMg) m four out ot °„jQj]]ciular 
an infection of 50 units of insulin Creatinine was used to j. ,, glues 

filtration The ratios of TMg snbseqnent to insulm cuviclea y 
prior to insulin rvere 0 88, 0 89, 0 87, 1 06, 0 77, and 0 96 , ^ to be dia 

In our studies five adult male patients, ages 18 to oo, x igboratoD 
betic foi one to eight years, were used They showed no clim ^^greiead 
e\udenee ot hypertension, renal disease, or other complications Insuh' 

ily desirgarized on insulin and were classified as msium oi 

dosages varied fiom 10 to 35 units of ciystaUine and ironr - 
piotamme „ morning of the 

The patients weie stabilized on diet and insulin msiihns 

insulin experiment the daily doses of piotamme and oil deteimw*^' 

given, the glycenrie level rvas raised, and the TMg jnsulm Lad 

through three periods Several davs later after the insulin for 

wuthheld for not less than forty-eight hours and ciysta msui 

four hour’s, the experiment was repeated The ratios 0 
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(inided b} tlieu Nnliiej, without msuhn wcie 0 98 092 083 QS3 aiiciOlT re 
speetnelt foi the fi^e siibiectb It has been Kcnenlli reeogmzed tiiat \niatjon 
from period to period in TJIq deteuninatioiis mav be laigc 

The plan used bj other worKeis of avciising the lahies. foi Once snceessne 
periods to secure the TMc of the patient was followed Although these values 
weie depressed consistenth aftoi the adnmiistiation of insulin the degico of 
depiession was not regaidcd as significant m view of the limitations of the 
method 

It should bo icah/(d that all of the )> limits had an endogenous siipph of 
luiulm m addition to the injoclcd suppK One nia\ tberefoie conclude onlj 
that a defieiencv in insulin does not inlcifeie siginficantlj with tubnlai re 
absorption of glucose 


86 BPraCT or HIPERCLVCEMIA 0\ THI ObrARANCES OP INOLIN 
AND PARA .UlIiNOIIIPPl RIC AOID 

L J Gbqielu, IID II M CiiEBTicK MD H L Rhetti MD, 

A B Kcsdiuck PhD vsd U \ loaaisr MD PHiciro III 
(Introduced d\ Roolbt W Isefton 51 D ) 

Call} m 0111 studies of unil limctioii in the piescnce of hvperi,h eeiina 
certain discrepancies in the dctorinination of PAH cJeaiancc were noted KIopp 
loung and Tajloi ropoitcd that InpuLlmmia ma\ deciease the PAH eleai 
ance from 30 to 80 per cent but not effect the eleaiance of mannitol It seemed 
'fisetostudj this piobloiu fuithei 

In the pieseut studies to bo icpoitcd insulin was inaintainod at levels of 
20 to 75 mg per cent the para aminoluppuric acid (PAH) at 0 9 to 3 5 rag 
per cent, and the glucose at normal fasting to livpciglvcemie levels 

Thuteen patients of whom seven weie women and six were men weio 
studied The previous cluneal data had shown normal Indney function The 
«pcnments were done in the following manner (1) at noimal glyccmia and 
low levels of PaVH, (2) at hvpciglvtemn and low levels of PAH, and (3) 
at hyperglycemia and high levels of PAU The iiuUm eleaiance lose slightly 
hut progressively nndei the experimental conditions enumerated This rise 
was not significant since it fell within the limits of tlie standaid deviation of 
the method AI! values were coriccfed to a smfaee aica of 1 7S sijiiare meters 
At fasting blood sugar levels the PAH ui women averaged 593 8 + 126 3 e c 
per minute, and at hypeigly eemia 407 1 ± 146 1 c c per mimite The average 
oepiession due to hjpeiglvcemia was 31 4 pei cent 

In the men the PAHc at fasting glucose levels aveiaged 654 9 ± 105 3 oc 
per imnute, and at hjpeiglvcemia 312 5 + 1195 cc pel minute, with an aver 
ege depression of 52 5 pei cent The depiession of PAHc was reproduced on 
separate days in one patient At fasting glucose levels the Tllpan was 76 9 
Big per minute and at hv^iergh cenue levels tlie TiXpAii was 54 0 mg pel min 
iite The average depiession due to hvpciglvcemia was 29 8 per cent 

Hyperglycemia depresses the PAHc and the Thliuir values Sufiieicnt ew 
penments have not been conducted to establish corieetion factors The com 
Pctitive antagonism between glucose and para ammohippurio acid as it affects 
tabular function is now nndei investigation 
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87 CHOLESTEROL TOLERANCE TESTS IN NORJIAL, DIABETIC, AND 

HYPERTENSIVE PATIENTS 

E D Futch, 21 D , AA’D Raymond Gregory, 21 D , Galveston, Tews 

The possibility that intimal atheioscleiosis is due in some instances to a 
basic metabolic fault in the capacity to utilize cholesteiol caused us to dense a 
cholesteiol toleiance test "which will be biiefly deseiibed 

This test was peifoimed on fouiteen noimal subjects, foui patients with 
essential hjTiei tension , eleven patients ivith diabetes melhtus, 23 to 79 veais 
of age, one patient mth hj^ereholesteiolenua and xanthomatosis of the shin, 
one patient wath nephrotic stage of ehionic glomeiulonephritis and lij^per 
cholesteiolemia , one male patient, 25 yeais of age, wnth acute myocardial mfaic 
lion and noimal seium cholesteiol 

Repeated analyses established that the method entailed a maximal eiioi 
of 5 pel cent In the gioup of fouiteen normal subjects, the total fiee choles 
teiol increased from 4 to 38 pei cent, cholesteiol estei inci eased 0 8 to 24pei 
cent hlaxnnal uici eases iveie distiibuted from the second to the eighth horn 
In twm subjects the fiee and estei foims fell 5 to 18 pei cent 

The lesidts m the eleven diabetic patients were the same as m the noimal 
subjects in all essential lespects The lesults m four patients with essential 
h"vpei tension like^vise weie within the range sliomi by noimal subjects In 
the patient with skm Nanthomas and in the patient with nephiosis, both of wlioni 
had hypei cholesteiolemia, the blood levels of both fiee and estei foims ot 
cholesteiol fell 3 to 19 pei cent dunug the toleiance test 

The only abuoimai lesults weie found in the 25-3 ear-old man with acute 
myoeaidial infaiction In his case the fiee cholesteiol rose 43 pei cent an 
the cholesterol esteis rose 29 pei cent The maximal use m fiee cliolestei 
m the noimal gioup was 38 pei cent in one instance, "with an average 
use of 17 pel cent The maximal use in cholesteiol ester m the normal =, i 
was 24 pel cent, with the aveiage maxmial use of 9 per cent 

These data do not demonstiate any difteience between normal, yi 
tensive, and diabetic subjects in then response to a cholesteiol n 

This indicates that the tendency of the diabetic and hypei tensive pa 
velop intimal atheioscleiosis is not due to a prolonged oi excessive po p 
hvTiei cholestei olemia 


88 THE 2IEDICAL AND 2IETABOLIC FACTORS IN THE SURGICAL 
2IANAGE2IENT OF H^TPERTHYROIDISlI 

I Darin Puppel, 21 D , Columbus, Ohio 

The goitiogens aie by no means solely lesponsible foi multi 

1 . T . . T , 11 ri . _ .I z\-i/'T/xr»"fr»TnV 


bzdity and moitalit^ follo-\Mn^ the modern thyioidectomy 
tude of factors which must still be eonsideied in the proper s „ojtiogens 
of the patient with hypei thyroidism m addition to ° catients fro°‘ 

A summary of consecutive tlijiioideetomies on 400 goi for 

1937 to 1942, and pnoi to use of our present legimen, Innidied 

nontoxic goitei and there resulted no hospital deatlis '' hi"h degree of 
weie foi hypei thjuoidism and these accounted for an 995 pei rent 

morbidity and moitality so that the total moitanty ave o rhvioideetomie^ 
During this same peiiod four pole ligations wmie , . 1 , mduded 

were staged, followed by a high mortality The causes ° acute 

crisis, respiiatorj^ failure, massivm atelectasis, bionchop ^ .noidno 

failuie 01 shock, and liver death These represent to a o 


avoi 
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causes of death in the light of oiu picsent methods oi tieatment Cousequentlj , 
a suimiiaij of consecutno thj loideetoiiiies on 400 goitious patients treated ba 
our piesent legimen fiom 1943 to 194S reaealed 157 to he foi nontoxic goiter, 
and theic oceuircd no deathb Two hundied loitj thiee weie foi In-pei 
tlijroidisni winch is a gieatei iiumbei than iii the former gioup Purtheiinore, 
the seaeiitj of tlie h 3 perthjioidisin in this gioup avas usuallj greater and the 
complications aaeie moie fiequeiit let tlieie lesulted no deaths No ligations 
were done and oiilj flae thj loidectomies weie staged but avath no deaths 

In our experienci., there aie two gioups of medical and metabolic factors 
winch haac led to this loaveied moibidita and niortalit 3 late of the modern 
operation The fiist includes seacn general factois and iiiajoi developments 
adiich haac made all modem suigeia less hazardous The second gioup em 
braces at least nine specific factors lelatcd to ha perthj roidisni aahieli haac 
eomiteracted the deleteiious hj pcrmctabolie effects of the disease 

The clinical use of the goitiogens and mtcinal ladiotheiapj is still in niaiij 
wajs in the expcimieutal stage When a pliasiciau contemplates the use of 
one of these substances he should seriousla eonsidei the geneial and specific 
iaetom in the treatment of tovic goiter in addition to the neaa substance in 
oidci to seiae the best inteiests ot the patient 

89 THE BETA GLUCURONIDASE ACTIVITY OE HUJIAN 
ENDOMETRIUM 

Lester D Odell, M D ind Willi an H Fishiiin PhD (B\ Imutitiov) 
Chicigo, III 

Endometiial biopsies (suction cuiette) aaere obtained from thiitytavo 
women at vanous days of the noimal inenstiual cjcle The specimens avere 
weighed, homogenized, and assaaed foi (3 glucuronidase activity using the 
method of Pislunan, Spriiigei ind Biimetti (J Biol Chein 173 449 456 1948) 
The p glucuronidase activity mcrcascd daring the first tavo thirds of the 
meiistmal cycle, followed by a dechne paiticulaily in the last three days of 
the ejek The piesencc oi absence of piogcstatioiial endometrium seemed to 
bear little lefeience to these changes These lesults aaould mdieate that the 
P glucuronidase activitj of endometiium paiallels the estiogen secretion re 
ported for the menstnial cycle 

Multiple specimens of endometrium avere obtained from the same patients 
and assajed mdepeudentla While theic aaas some aariation in lesults, it avas 
uisuffieient to distuib the general pattern described heie 

/3 glucuionidase is believed to plav a fundamental role in the phjsiologic 
action of the estiogenie hormones The cache change m actiaitj obseraed in 
the endometrium parallels the histologic effect of estiogen stimulation There 
fore it IS possible that endomefnmn normallv paiticipates m the metabolic 
conjugation of estrogenic hoianones 

90 diffuse pancreatic CALCIFICATION WITH DIABETES 
SIELLITUS 

Bruno J Peteks MD MCI Lindebt MD Martin J KLaraiiN M D 
AND Daniel J Mendelson M D Milw vukee Wis 
(Introduced dt Maurice HARDGRoaE 31 D ) 

Tile piesent stiida is one of the association of pancieatic caiciflcation with 
diabetes melhtus In addition to four cases obsened clinicallj, there aie three 
cases of pancreatic calcification fiom avhich autopsy findings aie presented It 
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has been suggested that dissenmiated panel eatic calcification be recognized as 
a distinct clinical entity We feel that it is impossible to ^ffeientiate'chnieallv 
disseminated calcification fiom multiple calculi m the panel eas The etolo"j- 
of the change is luilinoini Alcoholism was the one most fiequent, suspicious, 
piedisposmg cause m our eases The symptoms simulated those of gall bladder 
colic, perfoiated ulcer, and appendicitis It is suggested that a scout film he 
taken in acute abdominal conditions geneially and in a diabetic patient par- 
ticulaily ‘In this way more cases will be leeognized and eiioneous surgery 
wiU be prevented Also, vith the advent of recent advances m paneieatic 
surgery, it is conceivable that partial oi total panel eatectomy may be helpful 
111 lelienng the intractable pain present in some of the patients 


91 PSEUDOHYPOPARATHYROIDISM 

Case Report 

M G Peterai^vn:, MD , anti J L Gvrvey, MD (B\ Inittition) 

ilmWAtTKEE, Wis 

A 12-yeai-old gul was examined because of logorrhea, mental letardation, 
and convulsions The patient’s condition had been diagnosed as epilepsy and 
hvpothyioidism The mothei was lU duiing piegnaney and almost miseaiued 
m the fourth month Delivery and infancy were nomal The mfant was al 
vays hungiT, never lost infantile fatness, always had a hoarse voice, and often 
a crowing inspiration At 2 years she complained of numbness and tmglmg 
ui the extremities 

The patient weighed 101 pounds and her height was 58^ mches She had 
a lound, pudgy face with a slightly yeUow pallor of the slmi and a geneializecl 
myTiedematous appearance Chvostek’s sign was strongly positive as were tne 
uliiai and peroneal reflexes The Trousseau test was negative The 

hoaise and coaise There were several areas of calcification m the skm 
mouth was kept in a “ carp ’ ’ position , 

The girl had lepeated episodes of sudden squeabiig or shouting wi P 
pils dilated and without loss of equilibrium The mouth was held 
extremities weie tense There were five to fifteen seizin es m each twenty- 
hours i ,„5 

The seiiun calcium was 6 6, phosphoius, 11 milligiams The 
phoius excretion was 0 7 Gm in twenty-four hours The Siflkoivi 
test of the uime was negatne thioughout t mi m the 

Lateral x-iav of the sluiU showed scattered areas of calei 
basal nuclei and generalized osteoporosis This osteoporosis was a 
all of the long bones q jnteival 


ui 


The electioeaidiogiam showed a marked increase in 
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The electioencephalogiam showed spiking, slow 6 „i the d'S 

build-up on hvqiei ventilation wnth 3 pei second wares not typ 
ihvthmia of epilepsj' ^ “there n 

The Bmet-Simon test gave an I Q of 79, ,IJoiscliaen the test 

much in the straetuie of the record and in the child s ,y]sive tvpe " 

to mdicate an oiganic biam disturbance of an epileptic or ureters The 
An intravenous pyelogiam showed normal kidneys a 
^losenthal test was negative 
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Tlieie has been a good response to treatment with high calcium, low 
phosphorus acid ash diet Ticatinent with parithjroid e\tiaet was mef 
fective Treatment witli acid ash high calcium, low phosphorus diet plus 
Hytakeiol brought the blood chemistn to normal Howeier, the seizures hate 
peisistcd 

No CISC of hy popii athj roidism oi of the pseudo type has been reported 
inth osteopoiosis of tho bones 


92 PRCJIATURE CALCiriCATION Or THE COSTAL CARTILAGES 
ITS FREQUENT ASSOCIATION WITH PS\ CHONEUROSES 
rVND POSSIBLE ENDOCRINE IlIBALANCE 

I 

John L Hobneb AI D St Louis, Mo 
(Introduced Bi S B Grvnt MD 1 

Calcification of the costal cartihgcs is a pioecss which, while piesumed to 
bo a matter of ageing is ficquentlj found m loung persons 

It IS generally coiisideied that this deposit is a matter of no consequence 
For this leason, peihaps \oi\ little progioss has been made in determining the 
factors which cause oi sie associated with the calcification *Issooiation with 
lanoiis organic diseases, such as pulmonaiy tuberculosis has been postulated 
Imt disproved 

A study of 277 conseeutive patients under the age of 40 jeais has been 
made One hundicd fifti eight of these wcie shown by \ ray to ha\e costal 
cartilage caieiffcation, while 119 did not In addition to age and sev the follow 
mg details fiom tho case histon wcic noted the complaints, the state of nutn 
tion the basal metabolic rate the blood cikumi, history of menstnial disoidora 
m tho women and the final chief diagnosis 

Significant diffciencos between those persons who showed calcium in the 
costal eaitilages and those who did not ucie found in the nnmbei of chief com 
plaints tho histoii of menstrual disorders the percentage with obesity and 
the final cluef diagnosis In the foinici gioup thcra wcie twice the number of 
complaints, twice the incidence of obesitv and three times the incidence of men 
strual disoiders Most remarkable was the fact that tho complaints were not 
due to organic disease fii e times as often in the calcification group 

It 13 suggested that prematuie calcification in tho costal cartilages may 
be evidence of a Imh between psschiatiie and previoush imiecognized endocrine 
disturbances Pmther e\perimental work on young poisons show mg this 
phenomenon is needed 


93 PSA CIIQSOMATIC PROBLEMS IN V PRIVATE PRAfTICL 

Edward J Rysn, MD, ink Philip W Morgan, MD (Ba iNmsTiov) 
Emporii, Kan 

This analysis was made fiom the office rceoids of two inteimsts in pm itt 
practice in a commumU of 15 0G0 which has a large agiieultmal diawmg aien 
Ilcaiy iiulusti’j with its attendant physical iiid jisyihological pioblems is not 
a factoi 

To deteunme the incidence of functional piohRms 300 eonsccntiae com 
plcte office studies were analyzed Each patient m the study had heen sub 
jectod to detailed history complete physical esamination and a minimum lab 
oratory and roentgen survey consisting of urine analysis blood count, sedimenta 
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tion late, and chest fluoioseopy, with chest film if consideied iieeessaiy Ad 
ditional appiopiiate laboiatoi’s oi othei pioeediiies had been utilized ulieic 
indicated 

It IS fully lealized that an analysis of tins t>pe cannot be entiiely ob 
jectiAe, and that the peisonal equation must entei into the classification of 
ceitain patients As neaily as possible, those patients with demonstiable or 
game disease uliieh might e\plaui the symptoms weie eliminated fioni the 
functional oi psychosomatic classification Essential hypertension, peptic iilcei, 
and uiticaiia weie classified as oigamc disease in this survey 

The 300 eases conipiised 119 men and 181 women 

Of the 300 cases, ninety-two, oi 31 pei cent, weie consideied to fall within 
the functional oi psychosomatic classification These ninety-tivo cases com 
piised thiity men and si\ty-two women On the basis of these figuies, 25 pei 
cent of all the men studied and 34 pei cent of all the women studied could he so 
classified Slen constituted 40 pei cent of the total senes and 33 pei cent of tlic 
functional pioblenis 

An attempt was made to elassif 3 '^ the piimaiy complaint of each of these 
ninety-two patients within an oigan system 


SYSTEM C ISES 

Circulatory 27 

Eespiratory 3 

Gastromtestmal 21 

Urmary 2 

Neuromusculai 0 

Endocrine 1 

Visual 1 

Oral (buccal lesions) 1 

General (fatigue, tension, headache) 30 


lows 


A sepal atioii of the thiee majoi classifications 




SaSTEM 
Circulatory 
Gastromte»tiiial 
General (fatigue, etc ) 


TOTAL 

27 

21 

30 


MEN 

12 

a 

9 


WOMEN 

15 

16 
21 


The oldest Momaii in the functional senes was 69 3 earn of age, the 3 oiuigeb , 
13 Fifty-five pex cent weie uiidei 40 3 'eai's of age which would appeal 0 
minimize the climactenc factoi in production of s 3 Tnptoms The oldest nia 
was 67 and the youngest 21 

Analysis of causative factoi s avas difficult An\iet 3 ", m one guise 01 
othei, appealed to be of majoi impoitance ' , 

Beneficial lesults of management coincided closely anth the time, pa 
and piactical common sense devoted to each case 


94 THE EFFECT OP ENTEKOGASTRONE CONCEI^TRATES 0^ 
GASTRIC SECRETION IN HUMAN BEINGS 

Cakl G Morlock, ]\I D (By Invitation) , Richard R Fek vyorvi, M D 
(By Invitation), and Charles F Code, MD , Rochester, 2 

We have studied the effect of enteiogastione |,ud lo ibe 

secietoiy response of human beings to the inoection of hista . ‘pa,eiiteia! 
ingestion of a test meal An enteiogastione concenti ate prep 
admmistiation and one prepared foi oial 

study The activity of the material prepaied foi j^tgeis 

avas tested on lats and dogs befoie it was used m human v 
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The entcrogastrone prepaiation given pareiiteially produced a threefold 
lo fourfold reduction in the loliime of gastric juice sccieted by rats after pjloric 
bgation When the entoiogastione nas ,uen iiitravenouslj m doses of 100 mg 
or more to dogs ivith Ileidenhaiii pouches secieting m response to histamine, 
pioiiouiiced inhibition of acid output uniformly occiiired 

Enterogastroiie eoiicentiate aiseii iiitiamusculailj to ten human volunteers 
m doses of 200 mg did not aftcet sigmfieanth the gastne secretorj lesponse to 
the nijoction of histamine during a double Insfamme test Enteiogastroiie con 
ceutrato given to fourteen human vohintccis m doses as large as 400 rag mtra 
muscularlj and 18 Gm orallj did not significantlv affect the gastric seoietorv 
response to a niodi6ed En aid test moil 

Altliough the extiaet of hog’s mtestinil mucosa used for parenteial admin 
istntMii inhibited gastne seeietion m ii(s ind do„s the immediate conclusion 
that this was due to enteiogastrouc was tempered bv the fact that toxic re 
actions sometimes accompanied its use in doss Because contammatmg sub 
stances may have pievcnted action bv eiitciogasti-one in human beings, we do 
not feel that oui results can at this time he mteipieted to indicate that pure 
enteiogastrouc will be without action m similai tests on humpn beings 


S'! A COMPARISO^ OF THE TWELIEHOIR NOCTURNAL GASTRIC 
SECRETION IN LNCOMPLIC\TEl) DLODENAL ULCER 
BEI ORL AND AUTER HEALING 

Erwisi Levts, 31 D (Bi Imitation) losrpii B Kirsner 31 D and 
3V ALTER Lincoln Palmer 31 D, Chicago, III 

The twelve lioui noctiiuial gastne secretion was measured in thirteen pa 
tients with duodenal ulcer duiang a period when the uleei Avaa easily demon 
strable roentgenologicallj and when tvpieal distress was present The studies 
were repeated in the same individuals after medical treatment had led to heal 
mg of the ulcer roentgenological! v and to the complete subsidence of sj mptoms 

Dunng the period of aetiAc ulcer the Aolumc foi the entire group averaged 
1 047 e c the free aeiditv of the total a olume a\ eraged OS clinical units, and 
the avoiage output of acid 2 208 milligrams After healing of the ulcer, there 
was no significant change in the aveiage nocturnal gastne secretion the volume 
averaging 1,002 c c , the free aeiditi 64 eliiiieal units and tlie output of acid 
1 957 milligrams A significant decrease after healing was noted in the volume 
m one patient m the concentiatum of acid m two and in the output of acid in 
one individual An increase in gastne secictioii aftci he ding Avas observed in a 
similar number of cases 

The average nocturnal gastne secretion in patients with healed duodenal 
ulcer IS significantly greater than that found in a group of thiitj thiee healthv 
normal individuals studied under identical conditions The secretion of acid 
in all the patients was continuous and was mamtaiued at a iclativelj liighei 
level than is seen m noimal individuals In no instance were there periods of 
anacidity for as long as one houi such as are frequentlj encountered in nor 
Inal persons 

The pei-sistenee of hypersecretion m the vast majority of eases after heal 
mg of duodena! ulcoi emphasizes the importance of continued careful antacid 
therapy in such patients 
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96 THE INCIDENCE OP SYIMPTOMS AND THE GASTRIC SECRETORI 
RESPONSE TO HISTAMINE IN PATIENTS WITH AND 
WITHOUT CHRONIC GASTRITIS 

John W Findley, Jr , M D (By Invitation), Joseph B Kirsner, M D , and 
Walter Lincoln Palmer, MD , Chicago, III 

To evaluate inoie completely the cluneal significance of chiomc gastiitis 
in patients with gastiointestinal symptoms, a compaiative analysis was made oi 
the s> mptomatology and of the gastiie seeietoiy response to histamine among 
toui gioups of cases (1) fifty patients with atrophy of the gastric mucosa, 
(2) fiity with supeifieial gastiitis, (3) fifty with hypeitiophic gastiitis, and 
(4) 100 individuals in whom the gastiic mucosa appealed noimal gastro 
seopicallj^ The absence of other oiganie disease was established by uoimal 
physical examinations, blood counts, uimalyses, noimal pioctoseopies, and by 
noimal x-iays of the gastiointestinal tiaet 

The symptoms, with few exceptions, did not vaiy significantly among tlie 
torn gioups The incidence of epigastiic pam, the most frequent complaint, 
langed fiom 44 pei cent among patients with atiophy to 72 pei cent among the 
noimal subjects The type, location, and pattern of pam weie not distmetive 
for any of the foui gioups Theie were, lilieivise, no significant diEfereuces in 
the incidence of nausea, vomiting, anoiexia, constipation, weight loss, wealaicbs, 
bad taste, or sore tongue Diaiihea was described by 22 pei cent of ^tients 
with atiophj’ as compaied with 4 to 12 pei cent foi the other gioups The in 
cidence oi hematemesis in hypeitiophic gastiitis was 6 pei cent, superficial 
gastiitis, 2 pel cent, and none in the remaining gioups A history of melena 
was encounteied in 4 to 6 pei cent of patients with gastiitis and in ° 
the noimal patients Numbness oi tingling of the extiemities was repoitea 
by 6 pel cent ot patients ivith atiophy of the gastiic mucosa and in 0 to ^ pei 
cent of the lemaming subjects The duiatioii of symptoms was essentially t e 
same m all foui gioups 

Histamme achloihydiia was present in 51 per cent of foitv-seven patients 
with atrophic gastiitis, 27 pei cent of foity-one with superficial gastritis, 
pel cent of foitv-fiie with hypeitiophic gastiitis, and 3 pei cent of mneti ' 
noimal persons A quantitative analysis of histamine tests perfoimea 
patients indicated, as might be expected, that the smallest amounts ot aci 
secreted by patients ivith atiophy of the gastiic mucosa, ivith supeifieial ps 
next The output of acid iii patients with hypeitiophic gastiitis, con la 
previous assumptions, did not diffei significantly fiom that of noimais 

The present data indicate that chionic gastiitis is not an impoitant cans 
of gastiointestinal symptoms 


97 BLEEDING PEPTIC ULCER, A REPORT OF ONE HUNDRED 

SIXTY CASES 

George C Turnbull, M D , and Edwin S Braden, Jr , D (B\ InMtai 

Evanston, III 

In 193S a lepoit ivas made on the eighty P^Dents with bleedi 
ulcei admitted to Evanston Hospital in the decade 19-° to admitted m 

report is an analysis of the 160 patients with bleeding pep le „ ticnds 
the succeeding decade, 1938 to 1947 It is made to evalua 
management and results theieof 
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Tile results of the pieseut analjsis indicate that the staintion (or strict 
Sippy) legimcn is falling into disuse in a general hospital piactice The early 
use of a relatively libeial and balanced diet has found favor with most attend 
iiig physicians The icsults of this policy aio shown by the fuither ledueed 
time of bleeding lediieed amount ol bleeding, Itsseiicd emcigeiiey siiigeiy, 
shoitened hospital stay, and lowered moitality 

In the present senes there is no instance of siiigei'y to control bleedmg, and 
only thiee had elective suigeiy, winch was done aftei the hemoirhage and 
anemia weic under coiitiol 

It 13 of inteiest to note that ascorbic acid blood levels were determined in 
fifty seven cases of varying clinical baekgiound A few had levels withm nor 
mal range, but the niayoiity who had distinctly lowered levels of ascorbic acid 
in the blood showed the most prolonged and severe hemorrhage 

The iiici eased availability of blood in recent years has led to the treatment 
of some of these patients with lepeated transfusions (up to 6,000 c c ) In this 
group there is no eoiiclusive evidence of iiici cased bleeding On the other hand, 
tliere is no conclusive evidence that repeated tiaiisfusions are of value in 
shortening oi reducing sovciitv of hciiioi i hage although they are the outsand 
mg means of theiapy for shock 


98 PITiORIO BALANCE IN ILDUS, CONCEPT AND APPLICATION 
Willard B vrtlett, Jr M D St Louis llo 

Ileus IS a common clniieal iiietuie occminig as a compbeatton of a variety 
of disorders, and the natuio of the piiinaiy ctiolo^ic a,eiit may become only a 
mattei of speculation unless the patient is seen oailv in the episode Meclniiieal 
small intestinal ohstiiietion may supcivene m peiitonitis oi viceveisa the 
factor of depletion of eiiculatiiig pioteiii bv shifts into the peritoneal cavity and 
the edematous bowel wall occuis ui each condition and fuithei impairs intestinal 
tonus 

111 the evaluation of the patient who is seen aftci seveial days of ilhiess oi in 
followung the development of postoperative complications any additional method 
of obtaimiig precise infoimation is valuable The application of continuous 
suction to tlie indwelling nasal catheter is of therapeutic merit but if such 
decompression is used blindlv and without consideiation and measmenient of 
the components involved valuable luforiiiation is not obtained time is lost 
and actual harm (delij diation and demineralization of the patient) may he 
done When properly employed it affords a unique method of evaluatuig the 
degree of impanment of gastiointestin il function and yields data ol great dn„ 
uostio and prognostic significance 

Quantitative studies begun by the authoi in 1930 led to the formulation 
of the term pylorie balance to evpress the volume and direction of flow of gastio 
intestinal seoietions through the pyloius pel day In ileus prognostic value 
hes in the fact that the quantity of the negative balance (lost to the body 
economy) varies chaiacteiistically with the nature of the crippling agent Vol 
unies greater than 1 500 c c are seen in mcclnmeal small intestinal obstniction, 
rarely e\cecd 1 liter in peritonitis and arc less than 500 c e in the adynamic 
ileus that follows nieio handling of the bowel at operation, particularly in pa 
tients with lowered eiiculatiiig, piotem With this factual knowledge the 
eripplin„ mechanism may be identified more ceitamlv and appropriate treat 
incut selected 

If a mechanical factor is clearly pieseut dnect attack on tlie obstructing 
agent (band or volvulus) should be made if the geneial condition of the pa 
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tient IS good, paitieulaily if the obstiuction is je3iinal Enteiostoray witliout 
e\ploiation lemams a most useful method of decompiession of obstuicted ileal 
loops, especially in the depicted patient oi in those who aie mtoleiaiit of pio 
longed nasal intubation Distal emptying will oeeui attei a few days as spasm 
and edema of the bowel wall at the site of obstiuction subside and as kiuliuig, 
plastic exudate is absoihed Nasal eathetei suction lemains the tieatmeiit of 
choice foi ileus in which no extiinsie mechanical factoi is piesent, watch being 
kept foi evidence of an iiniesolved abscess oi infected hematoma wliicli mav 
lequiie diainage 


99 DIAGNOSTIC AND THERAPEUTIC IMPLICATIONS OP ACIDITY 
VARIATIONS IN THE STIMULATED AND NONSTIMULATED 

STOMACH 

Robert B Schlesinger, M D (By Invit vtion) , Leo L Hardt, j\I D 
(By Invitation), and Frederick Steigmann, MD, Chicago, III 

Alvaiez and otheis have pointed out that the deteimmatioii of the acidih 
in one gastric aspiiation does not give lehable information coneeiniiig the 
gastiic acidity status Similaily, vaiiations in the gastiic acidity have been 
noted duiing fiaetional gastiic analyses In the piesent study we weie ini 
piessed by niaiked vaiiations in the acidity in the stunulated and uustimulated 
stomach not only fiom day to day but also dm mg each fitteen-miiiute peiiou 
and duiing the time of the expeiiraent, and by then diagnostic and theiapeutic 
implications 

Thiity-five patients wuth uleei and foui noimal contiols weie tested foi 
flee and total acidity at fifteen-imnute inteivals foi one- to twohoui 
daily foi five to ten days undei standaid conditions Gastric stimulation w 
pioduced by 0 1 e e of histamine diphosphate 1 1,000 solution pei 10 kilogi 
of body weight 

Gastiic acidity in nonstimulated ulcei patients vaiied fiom 25 to ^ 
on successive days duiing the same peiiod of time (S to 10 am ) In , , 
tiols it vaiied fiom 0 to 19 units Following histamine mjectiom 5^ 

lesponse vaiied fiom 6 to 96 units 111 the patients with ulcei and , ™ f" .gjjy 
units in the controls In one patient with gastiic idcei tested at 
mteivals, the acidity ranged fiom 0 to 29 units befoie and 11 to 
lowmg histamme stimulation duimg a peiiod of thiee months 

Gastiic acidity vanes at any given time ovei a peiiod of ^ |je 
whethei stimulated by histamine 01 not These the dai, 

caused by one of many influences acting upon an individual . y sub 

and should be taken into eonsideiation when the theiapeutic e e 
stance is evaluated, inasmuch as otheiwise erioneoiis the 

by eithei condemning 01 approving a certain substance, depeii o 
gastiic secietoiy activity on that paitieular day gpe a 

Only piolonged observations on a laige number of gjgtioii° 

clearer picture concerning the effect of a substance on gas “ , , x jjjg a\er 
though the daily vaiiations aie maiked (as seen from tne on almost ID* 
age obtained from a large sample (over 200 analyses) resi 

cnive o jjjgii aiitacK* 

In evaluatmg substances foi ulcer theiapy by testing jj^aily must be 
effect, the periodic vaiiations in gastiic acidity oecurimo 
caiefully considered 
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100 GASTEIC ACIDITl El SPONSC DUEINf. THE INTE VVENOUS 

ADMINISTEmON OP PBOIEIN III DEOLYS -ITES 

Freuerick Stugmvnn, JI D SliTcntii Aunt 31 D (B\ Imititiom), l^D 

ICvRL A ArFYIR HO (B\ IsMTVTION) ChIC \GO ILL 

The gastiie seeietjgo„iie tffttts of piotuii mil pioilucts of piotem iligistiou 
nhen given orallv me iiell knoiin but tlie effects ot mtiavcnoush admmistereil 
proteui hi droll sates on gistiic iiul sedition hiii, been studiid bi feiv iioihei's 
During an nii estimation ol tlie elimeal nsis of iiioteiii liidiolisates such ob 
senations on the mastiie sciietoii lesponst nut m idt in a iiiodeiatelj laige 
iiiimliei ot patients iibo lueiied i iiioiis tipes ot inolein bidiolisates iiitb 
iiater or ginease as dilueiiLs 

Aftei a eonliol iieiiod ol mUstiii seiietion obtained diiiiiim a saline iiifiisioii 
for foitj file to sLsti minutes one of the pioliin bidiolisates ii is infused at 
about 72 dioiis pel iiiiiiiiti mil the gasliie ispiiatioiis coiitiniied foi another 
lioin at fifteen minute iiitin ils Si\ tipes of jiioteiii hi ilioli sates (laiinig 
accoialiiim to then piepaiation and diluint) iieie stiidiid haeb pioteolisatc 
lias tested a niiiiimum ot ileitii uni i iiiiiMiuitm of tiicnti foiii times 162 tests 
lieiiig peifoiined altOmetliei 

All solutions stimulated basilic aeiditi to laiiiiig dogiecs and in lariing 
peicentagos of the patients tested Complete lagotomi (file patients) and 
thoiacic sjmpatlieetoiui and splaiicliiiieeetomi (tliiee patients) did not change 
the foregoing obseiiatioiis Plasma infusion eiiised no use nliile 10 pet cent 
dextrose solutions caused a doeiense in the gastiic aciditi 

The inctcase in gastiic aciditi dmiiig the iiitraieiioiis infusion of protein 
liydrolj sates niai bo due to laiioiis factois iiliicb icc|uiie fuitlier iniestigatioii 
The same pioteoljsatcs iii a dexfiose solution caused a sniallei use in gastno 
acidity and m a smaller niimbei of patients The pH of the solution seemed 
to be a factoi also Thus the liidiohsates iiith a pH of 4 gate a higliei acidity 
response than those nith a jiH of 6 5 to 7 0 (81 to 31 pei cent lespectiielt m 
forty three tests) "VViiilc the liistaniiiie content of these iiiLxtiiies could be 
coiisideied the cause of tlie gastric acid lesponsc folloiiing then intiaicnoiis 
administiation, the results did not beai this out elearli The hypoglycemia 
suggested by some obseneis as a cause foi increased gastric secietion ivas not 
encountered in our patients 

These observations suggest that vaiious known and some unknown factors 
may cause increased gastiic acidity duiing piotein hydiolysatc infusions In 
the clinical use of protein hydiolysates therefore one must attempt to eliiiiiiiate 
at least tlie Imowii aaiioiis factors which possibly increase the gastiic acidity, 
because such an increase may be harmful in some patients 

101 EXPEEIENCES WITH NEEDLE BIOPSY OP THE LIVEE IN 

HEPATIC CIEEHOSIS 

R C Cogswell JID (B\ Invitition), P CLEVEmiM) JID (Ba Invitatiov) 

E A Gall JID (Ba Imitition), P Weisbeod, JID (Ba Inaitatiom), ind 
L ScHiFF JID CiNCiNvm Ohio 

Needle biopsy of the hvci has levealed the presence of hepatic cirihosis in 
si\ty-sLx patients seen at tlie Cincinnati Geiicial Hospital dining the past four 
and one half yeais The cirihosis was classified as nutritional (alcoholio) in 
thirty seven, postneerotie in scienteen, bibary in four and was unclassified in 
mght In the course of the cluneal study, the followang laboratory tests woie 
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peifoimed in most of the cases eephalin-cholesteiol flocculation, thymol tin 
bidity, biomsulfalem excietion (5 mg pei kilogiam of dye, letention m foity- 
five minutes), and seium biliiubin concentiation In ovei one-third ot tlie 
cases total seium piotein and albumm/globulin latios weie determined The 
clinical diagnosis of ciiihosis was confirmed by the biopsy in fifty-five patients 
In the remaining eleven, ciiihosis was first lecognized as the result of tlie 
livei biopsy 

An attempt was made to coi relate the histopathologic changes with the 
lesults of the various tests The morphologic alteiations weie classified accord 
mg to the degree of fatty vacuolization, cellular degeneration and necrosis, bile 
stasis, inflamniatoiy reaction, and fibrosis In the group of thirty seven patients 
with nutritional (alcoholic) ciiihosis such a correlation study has been accom 
plished Jaundice oi hypeibiliiubinemia was present m twenty of these pa 
tients , the thymol tuibidity was inei eased In fifteen and normal ni twenty, the 
cephalm-cholesterol flocculation was positiwe in thirty and negative in seien, 
biomsulfalem retention was present in twenty -nine and absent in five Except 
for more marked fibrosis m the patients with either positive cephahn flocculation 
tests 01 abnormal biomsulfalem letention, there was no direct coiielation be 
tween the results of the tests and the character of the histopathologic changes 
noted 

102 THE BLOOD AND BONE IMAEKOW IN PATIENTS WITH 
CIREHOSIS OP THE LIVER 

Lawrence Berman, MD (By Invitation), Arnold R Axelrod, II D 
(By Invitation), Samuel D Jacobson, MD, Thomas N Horan, MD 
(By Invitation), Elmore C VonderHeide, MD , and Elwood A Sharp, MD 

Detroit, SIich 

The peripheral blood and bone maiiow findings m cinhosis of 
ha\e been analyzed on the basis of a review of the literatur'e and the aut oi 
study of twenty-five patients with diagnoses verified by biopsy of the Inei 
principal blood findmgs aie macrocytic or noimocytic anemia with noima 
elevated mean corpuscular hemoglobin values, hTiiphopenia, and ° 

penia m the majority of the eases Anemia may be independent of bleeaiiin, 
the seventy of the anemia or macioeytosis does not appear to be lela e 
seventy oi duiation of the Inei lesion, although this appeal's to 
peiimental cirrhosis m rats Absolute lymphopenia, legarcUKS ot 
leucocyte count, is the most constant significant alteration of the leuco y 

The consistent change m the bone marioiv is extension of the 
so that active hematopoiesis is found m the shafts of the long bones ° jg 
of the presence oi absence of bleeding oi anemia, the maiiow ® .„„ei,csis 
of normal oi increased cellulaiity, with normal or increased eiv n 
and megakaryoeytogenesis m most eases i i + r the maiio" 

Even m patients with advanced livei lesions hypoceUulaiity ° , ,jg{erizecl 
IS an imusual findmg, m spite of peiipheial anemia which is otten 
by a lack of signs of acceleiated regeneration of red cells , net tic anemia, 

Maeronormoblastie eiythiopoiesis is seen m patients with mac i 
but megaloblastic erythiopoiesis does not lesult from hepatic j^pema) m 

The presence of peripheral cytopenias (anemia and ocitcs bi 

spite of normal oi mci eased formation of erytlii oblasts and pjgpt of tb® 

the mariow is suggestive of hypeisplenism The wmll-knowni m 
spleen m patients wnth hepatic ciiihosis is additional evidence 
view 
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In patients with chronic hemorrhage, the blood and sternal maiiow pictures 
are those of iron deficienoj anemia although othei changes such as Ijunphopenia 
and thromboej topenia tend to peisist 

The changes desciibed in the blood and bone maiioiv aie not consideied 
pathognomonic of hepatic cirrhosis cicn thougli they appeal to be chaiacteristic 
of the disease Tlie combined blood and stcmal mariow study is useful in 
cstablislnng the diagnosis of eiiihosis of the licer in patients in nliom othei 
diseases have obscured its manifestations oi in whom historical evidence was 
absent so that the clinical diagnosis was difficult to make 

103 THE EOUTINB USD OP THD SBRUH FLOCCULATION REACTION 
WITH HAT EM’S SOIUTION 

Emanuel E Mvndel ME ind Delmo \ Pvris JI D , Chiovoo III 
(Introduced b\ Hins Popper 51 D ) 

A scrum flocculation test with Haicm s” solution has been described hi 
Oros as being a fine indieatoi of hepatic disease The simphcit) of his method 
appealed to justifj an attempt at using it as a seieening test A modification 
of the original Gros test necessitated hj appaient shoitcomnigs was employed 
routinely in a senes of 500 patients fhe teclniKpie consists chiefly in miAing 
equal lolumes of soiuni and Hajem s solution Development of a precipitate 
within twenty four houis is consideied a positive icsult 

Soventj two patients had a positive II (Hayem s) test Thoj may bo 
classified as follows acute hepatitis five cirrhosis of livoi ten, prolonged ob 
structive jauiidieo (two to sl\ months) three neuro and caidiov oscular syphilis, 
one sypliibtie chancre two active infectious oi iheumatoid aitbritis ei^ht, 
acute rheumatic fever one, severe congestive failure two chionic lung iiifeo 
tions (including plouritis) fourteen acute infectious diseases, foiiiteeii neo 
plastic diseases, eight, pj oncplirosis one tlijiotosicosis two, and sclciodema, 
one 

111 all cases of this group and in mail} of the H negative gioup, one oi moio 
of the following tests were earned out sedimentation rate cephalin flocoula 
tion thymol turbidit} zinc sulfate tuibidit} and Takata Ara The incidence 
of abiioiaiial results of tliese tests was consideiabh highei in the H positive tlian 
m the H negative group Likewise hyperglobulinemia was far moie frequent 
m H positive than in H negative sera A significant mciease in gamma glohiilm 
as determined by the Cohn Wolfsoii incthod was found in all of tlio tliiity five 
H positive sera in which this deteiminatioii was peiformed 

111 some instances a positive H reaction was the onlj pathognomoiiic sign 
at the time of the patient s first cvammation follow ed sooner oi later by the 
discovery of the lesponsiblo disease (ciriliosis metastatic neoplasm p}oneph 
losis plcmitis activ 0 tuberculosis) No false positive leaction was encounteicd 
^11 of these sevent} two patients were seiiously ill even though the initial s}mp 
toms did not alwavs hetiay tins fact 

The H negative gioup of 428 patients included a vanet} of conditions as 
they are encountei ed in the av ei age hospital population Among them were ten 
cases of acute hepatitis and thiee of (recent) obstructive jaundice, but none of 
cirrhosis of the liv er 

The conclusion is wairanted that the H test is capable of iciealmg diseases 
causing serum protein alterations Hvperglobuluiemia and paiticulaiR in 
creases of gamma globulin appear to be ehicflv responsible for a positive leaetioii 

loo fin bichloride 0 5 sodium sulfate 50 sodium chloride 1 00 diatilled water 
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Consequently it may leveal not only a hepatic disoidei but also systemic iiifec 
tions and malignant diseases A negative test does not lule out any sucli con 
ditions except peihaps eiiiliosis of the liver These findings and the simpheit) 
of the test would favoi its adoption as a loutine clinical piocediiie 


104 THE INFLUENCE OP INGESTION OF VARIOUS LIPIDS UPON 

THE THYMOL TURBIDITY 

HA.NS Popper, MD, Frederick Steigmann, MD, Hattie Dyniewicz, PhC 
(By Iniutation), and Alvin Dubin, M S (By Invitation), Chicago, III 

The thjniol tuibidity depends on the iiiteiplay 
which the seium lipids appeal the one most easilj influenced 

Hence the thymol tuibidity was deteimined in 163 Vn Thrtiubiditi 

befoie and thiee and six houis aftei the intake of ''‘'“fus hpicL The^tiirbicl^^ 

lose, in geneial, aftei the ingestion of almost eveiy yp 1 ’ 

use being eneounteied aftei adraimstiation of oO Gm of 
of 6 Gm of choline to the buttei usually enlianced the rise m t } 
bidity Choline alone elevated the thymol tuibidity ly less m butte 

vith choline 01 buttei alone In five patients in , h® 

thvniol tuibidity aftei the administiation of buttei anc thymol 

with the use of the seium phospholipids and total ^ ^ than that 

tuibidity euive paialleled fai moie tlmt of the seuim P 1 , ^ lesponse 
of the total lipids The same was found in thiee PaJi^jYimds °”s deteimmed 
of the thjmol tuibidity, seiiuii phospholipids, and Y^Yrns^theietoie concluded 
aftei the intake of eithei buttei oi choline alone It jas t fo^e 
that the lesponse of the thymol tuibiditv to This is m keeping 

leflects piimaiily an elevation of the seium phosphol p piecipitate 

vith the lepoited high coueentiation of i „ gf choline to the 

pioduced bA the addition of thymol and bv the known lelat 
seium phospholipids The zinc sulfate tuibidity qiinultaneously I'dh 

globulin (Kunkel) was deteimined in almost all instance diagnostic 

the thymol tuibidity, it lepiesents an impoitant t t t , , ppul 

use of the thymol tuibidiU and is to a much lessei degree niniiei 

intake . , ^ ^ nvcia^e o\ei 3 units 

The alimentaiy use of the thymol ni q.cmficant degree (to 

in eontiol subjects It was depiessed to a statist c Yfiuctive jaundice, and 
about 1 unit) in infections, caicmoma, cirihosis, ^ if any, I'as noted 

also 111 caidiac and ivasting diseases The smallest ^ ? pi’g postpiandial rise 
in gastiointestinal diseases In acute infectioiis hei mtake of buttei 

vas ahnost noimal The lesponse of thymol tuibi ^ I „ intestinal absoip 
and choline can thus be consideied as a simple clmica 
tion of lipids, most piobably leflectmg the phospho ip 

105 combination op 

DIFFERENTIAL DIAGNOSIS OF JAU 
Frederick Steigjiann, MD, H^ens Popper, ’ q Jll 

Bernard H Shhlman,MD (Br Invitation), Chic. ’ 

In 455 patients, 262 with jamidice, the and ui 

thjmol tuibiditj, and thjmol /'Yros (flocculation yiHi ^ 

of them also the Takata-Ara, colloidM rf , Gros tnoc 
solution), and zinc sulfate turbidity (Kunkel) 
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Host sensitive in tlie leeooiution of luei climate in ordei of decreasing 
frcqucnej, weie the Gios test the zinc sulfate tmhiditi, thmiol tinhiditj col 
loidal red test, cepinlin cliolcstirol flocculation tininol flocculation, and Takata 
Ara test 

In „cncral, all llocculutiou tests weie abnoinnl in a much highei percentage 
of patients with medical (patent estialiepatic biliaij tract) than with suigical 
(obstructed CNtrahepatie biliary tract) 3 aundiee Howevei the numhei of 
false positue or negatue tests mth eacli indi idiial test was too high to peimit 
niucli lehanee on the lesults of mdiMdual tests in the diffeiential diagnosis 
Purulent hepatitis produced by bicteiial mfecMon of the portal tiiads shows 
though surgical in nature, the same results in the flocculation tests as the medical 
types of hepatitis Howevei liver cell damage caused bj biliary obstiuction 
alone (hiliaiy hepatitis) leieals as a rule, negative oi only slightly positive 
flocculation tests If the possibilitv of a puiulent hepatitis which can be 
recognized climeally by signs of septicem a is eonsidcied the diagnostic value 
of the individual flocculation tests is somewhit increased If the results of 
ceplialin flocculation, thvniol turbiditv Gios test and zinc sulfate tuibidity 
are dovetailed with each othei bv bunging them into a system whieli considers 
the degree of alteration of these tests the pereentn„e of those wiongly diagnosed 
as medical (false positives) was reduced to 3 5 per cent and of those wiongly 
diagnosed as suigical (false negatives) to 13 per cent of aU yauiidice cases 

In the difteientiation of cirrhosis from infectious or to\ie hepatitis zme 
sulfate tuihidity and Gros tests aie of particulai value they aie liighlv path 
ologio in cirrhosis even with only slightlv increased cephahn flocculation and 
thymol turbidity and moderately pathologic in acute hepatitis even if eephalin 
flocculation and especially thymol tuibiditv^ are gieatlv elevated The Takifa 
Ara tost is positive in cases with highly elevated zinc sulfate turbiditv 

A quantitative con elation of the results of several flocculation tests may 
he useful for the difforentiation between medical and smgical yatindice on the 
one hand and aeute and chronic hepatitis (cirrhosis) on the other 


106 INFLUENCE OP ENDOGENOUS AND NUTRITIONAL P ICTORS 
UPON THE PLASJIA VIT AMIN I ALCOHOL 

Hins PoppEii 51 D Fbedprick Steioviinn AID Hattie Dyniewicz Pii C 
(By Invitition), vnd Alvtn Dubln 51 S (By In-vitation), Chicigo III 

The total plasma vitamin A level leflects only vaguely tempoiaiv changes 
m vitamin A nutrition (it is reduced only in prolonged defieiencv ) and is 
significantly influenced by endogenous factois for e\ample livei diseases oi 
infections Vitamin A ni plasma and tissues occurs in eitlior the free (ilcohol) 
or the esterified foim Pour fifths of the total plasma vitamin A is noimally 
in free form, wheieas the liver contains primanlv esterified vitamin V 

The question arises ns to the influcuee of nutiitioiial as well as endogenous 
factors upon the fiactions of the total plasma vitamin A In 276 tontiol sub 
jeets and patients suffeimg from various diseases the vitamm V esteis only 
rarely weie decieased below the noimal (aiound 10 ,ig per 100 cc ) hut were 
‘'igmficantly inoreised iii nephrosis and erratically increased in vanous ill 
iiesbos, especially hvci diseases The alcohol fraction, howevei, was significantly 
reduced (from about 40 to almost 15 iig pel cent pel 100 c c ) in caremoma 
Malnutrition wasting diseases mfectioiis (such as pneumonia) and livci dis 
eases especially cirrhosis, in which the lowest levels (for evample 2 /xg pei 100 
ec) wore observed Uuder pathologic circumstances the esters nnv leiucsenr 
even midei fasting conditions more than 90 per cent of the total plasma vitamin 
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A Endogenous lij^povitanimeniia A, theiefoie, is caused almost entiiely by a 
1 eduction of the alcohol fi action, the esteis often even being elevated This 
effect can he explained by impaired release of vitamin A alcohol fiom the 
damaged livei due to inactivation of vitaniin A esteiase which noimally con 
veits the livei vitamin A estei to alcohol Piesence of esteiase could be demon 
stiated 111 human livei and seium 

Intake of 75,000 units of vitamin A in aqueous or oily menstinum raises 
the plasma vitamin A esteis foi seveial houis They may then lepiesent in 
contiols SO pel cent of the total lutamiii A since the alcohol level does not use 
duimg this peiiod (twelve cases) Piolonged effect on vitamin A nutrition, 
houecei, was leflected m the plasma vitamin A alcohol In eighteen persons 
uho were given alternately foi one to two weeks a diet containing less than 100 
units of vitamin A dailj' oi a uoi mal diet ivith daily supplements of 10,000 units 
vitamin A, the plasma vitamin A alcohol level was, as a lule, significanth 
higliei cluiing the supplemented peiiod than duimg the vitamin A pool peiiod 
A few exceptions found undei pathologic conditions leqiure fuithei evplana 
tion The vitamin A esteis did not leflect the vitamin A intake, often bemg 
elevated duimg the vitamin A pooi peiiod 

It IS concluded that both endogenous and geneial nutiitional factors in 
fluence piimaiily the vitamin A alcohol level and that the lattei, being mde 
pendent of postpiandial effects, lepiesents a moie sensitive index of vitamin A 
nutiition than the total vitamin A level 


107 STUDIES OF THE INFLUENCE OF OXYQUINOLINB DEUGS ON 
GROWTH OF ENDAMOEBA HISTOLYTICA AS JIEASURED IN 
BLOOD IODINE LEVELS OF MAN 

Alva A Knight, i\I D , and Je^inne Miller, ]\I A , Chicago, III 


(Introduced by Robert W Keeton, IMD ) 

In the stiidy"^ of iodine absorption in the oxyqumoluie diugs m 
found blood levels of iodine to be appioximately 100 gammas m Anayo 
clumofon, 400 gammas in Yiofoim, and 800 gammas in Diodoqum 
We then began the study of giowth ciiives of Endamoeba 
mixed bacteiial floia in media consisting ot eciual paits of f 

egg jolk infusion Counts of both the amoeba and the bacteria m ^^^elve, 
weie made, and these counts weie lepeated in the inoculated me la 
twenty-foui, toity-eight, seventj’^-two, and iiinety-six houis Ihe P. 
of E lustolyUca oceuiied at foity-eight to seventy-tivo houis, ivlii e 
continued to giow’ piofusely foi a longei peiiod without „„ to ten 

The patient was then given one of the oxj^qumoline diugs oi , 
days and the blood again diawn and its lodme content in gamin ^ m-epared 
Cultuie media of equal paits of seium and egg yolk infusion was Oo tjagtein 
and the moculations made as befoie The counts of E Instoiy^ ^^foitv patieat^ 
weie made at the same time inteivals as befoie A total ot ovei 


was studied , J^^y groidli 

Inoculated media eontainmg 100 gammas of iodine not tlie 

of E histolytica continuing to seventy-two and ninety-six ° ^ Gio"tli5 

continuing use to foity-eight oi se\eiit>-two houis gqg gammas no 

became less active as the lodme level lose, and between ggO ganinms 

giowdh beyond foity-eight houis wms shown Levels ot „jowtli pioscnt 

showed a piogiessively shoitei grow’tli peiiod — laiely wms ^ 


at twenty-foui hours 

The bacterial giowth was 


uninfluenced by the vai>nig iodine 
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Studies ill fecal couceutiatioiis of iodine lia\e been made on a feu patients 
Oilier iodides are being studied m libe manner and are to be reported on 
nt a latei date 

MS THE CLINICAL Et ALUAl ION OP DUODENAL SUBSTANCE IN 
CHRONIC ULCER VTIA I f OLITIS 

Alien lEi H STRFiCHER AI i> CHiC IGO lu 

Duodenal stibstanec « as admiiiisteied lo thnt^ fiae patients a\ho bad ebronie 
iikerative eolitib The dosage used \aiicd Jiom 12 to 4S tablets dad), each 
y Gm admmistcied iinintci i uptedU foi one nai No othei sjJeeitic medica 
tion was used The patients stcrc on a tonlioHid diet 

Conipaiatuc clinical evaluations weie in idi as to the fiequciicj of csaceiba 
lions in the disease befoie and attci int die ot duodenal substance fiequeney of 
dools ptesence of blood in the stooN „ im oi loss m ucigbt exaggeiation oi 
illeviation in abdominal cranipm„ and tbe _fiicial u ell being of the patients 
under tioatment 

The results obtained in 85 pci cent of the patients were ver) favoiable 

1 Exaceibatioti of tlie disease uas noted in tbice mstanees 

2 The majoritj of the patients gamed ueiobt 

3 Tile majout) of the patients felt bellei and ate bettoi uhila receiving 
duodenal subatanee 

4 Duodenal substaiioe iinv be eousidcied a veu valinblo aid in the therapy 
of chrome iileeratue colitis 

109 THE CTTOLO&IC DI AGNOSIb OF ( \\t LR OP THE STOMACH 
PRELIAHNARA REPORT 

Jerome AI Su turn MD (B\ Ismtitios) Irthub Beknstsiv, IID 
(B\ IWITATIOM) AiE\ B RvOINS J1 D (BS iMlrmON) \ND 
Jacob Meier MD, I iiii too In 

The need foi additional diagnostic methods for the piupose of detecting 
gastric neoplasms la well known AVhile the tested techniques of \ ray and 
gastioseop) are adequate in most cases the losuits of these examinations not 
infrequently aie equivocal oi negative lu the piesenee of a malignant tmnoi of 
the stomach 

The recent application of the c) tologic technique in the diagnosis of cancer 
ol the uteius has given impetus to vvidci application of the method in the diag 
nosis of neoplasms of the lespiiatoiy and genitouunai'y tiacts This method 
has been furtliai utilized to a limited dcgicc in the detection of carcinoma of 
the stomach 

111 undertaltuig this stud) it was oui purpose to evaluate its effectiveness 
both as an individual test and as a test eompkmcntar) to loentgenographv and 
gastroseop) in a laige gencial hospital 

The method emplojed has been that of fastin, „astuc lava„e with phjsio 
Wgio salt solution The sediment obtained is smeaicd on glass slides the smcaia 
wing rolativel) thick The stain which we have found most leliable is EA 3G 
(Papamcolaou) In addition we have also used the method of toimalm fixation 
“nd paraflm section staining the latter with s>tam EA 36 and with the standard 
hcmatoxjlni and eosin stains 

All of the patients studied had cluneal Instoues su„ge.stiii„ the possibilitj 
“1 gastric neoplasms In the begmnmg we cmploved thin smears in foit) nine 



1634 


CENTRVL SOCIETY FOR CLlNlC VL RESEARCH 


instances, but because of the paucity of cells, tins technique was abandoned 
This lepoit IS based upon the study of ITS cases employing the thick sraeai 
technique The paiaffin section method has been used eoncomitantlj in appioxi 
matelv 150 of these cases Diagnoses in these cases included (1) caicmoma 
ot the stomach, (2) gastiic ulcei, (3) duodenal uleei, (4) benign gastiic nco 
plasms, and (5) gastiitis and a vaiietj of e\tiagastiic diseases 

Of the 175 cases, aliout thiity-five eases of gastiic caicmoma aie mcluclecl 
We ha-ve been able to make definitely positue diagnosis in appioxiniateh 31 
j)ei cent of these cases Those eases of eaieinoraa of the stomach in w'hich we 
weie unable to make a positive cytologic diagnosis wmie cases in wlucli tlie 
snieai-s, because of the piesence of debus and pooily pieseived cells, allowed 
no inteipietation The tivo most impoitant factois wdiich pievent oui making 
a positne diagnosis aie (1) gastiie letention and (2) the presence ot laige, 
neeiotic tuinois The othei factoi is the infiltiating tjqie of tumoi without 
mucosal invohemeiit The piopoition of false positive lepoits should not e\ 
ceed 10 pei cent, and we feel that this figure will be i educed even fiiithei The 
lesiilts of the paiaffin section studies parallel those of the sineai study, the 
hematox^lui and eosm stains seem to be piefeiable when the foiniei technique 
is used In seveial instances we tailed to find tumor cells pieopeiativeh, and 
washings of the resected specimens also failed to levmal malignant cells 

This IS a pieliniinaiy lepoit The senes is as yet too small and the method 
too new to give statistieallj’' valid lesults In the individual ease, however, 
when other methods of examination give eciuivocal oi negative lesults, a posi 
tive cv tologic diagnosis may solve the pioblem 


110 COMPARATIVE NITROGEN BALANCE STUDIES OP ORAL 
PROTEIN DERIVATIVES AND NATURAL PROTEIN IN 
PROTEIN-DEFICIENT PATIENTS 

Do^ vLD D IvozOLE, M D , VND Gordon SLvcNevl, M D (B\ Invitation) 

Chicvgo, III 

Abundant evidence exists piovmg that oial piotein digests aie 
tieable and biologically efficacious A question which logically 
patients aie capable of ingesting a piocessed piotein, what auvanao 
such a piepaiation oftei over natuial piotein'^ A metabolic i patient 

synthetic and natuial pioteins aie evaluated in the same piotein-clop 
has not to oiii laiowledge, been piesented ntomemie 

The oppoitnnitv to conduct such a studv on tluee seveily ''' jliolic 
and h} poalbinninemie subjects piesented itself m the couise jjjjon ot 
pioject designed to deteiinme the lelative biologic indices ot a P t ‘ 
gluten with and without 1 pei cent Ijsine Attei having , periods 

of protein theiapv calculdtecl to produce bare nitiogeii „ ot chin'-^'* 

of tiom thiitv four to fifty-five days, the patients siiowed no =, patients 
impiovement oi ot regeneration of seium proteins oi alliunii ^olcian'^® 
weie then given gluten with 1 pei cent lysine* to the poiu „ .fmal 
peiiods of fiom eight to ten days, then equivalent amounts combia>“c 

such as meat, eggs, and milk, and finally they vvere and m 

maximal quantities of both Dailj mtiogen analv ses or gei-uiu 

gested piotein weie earned out Body weight, total seium 1 p^gjon oi ' 
albumin deteiniinations weie made at the beginning an 
peiiod 


•Provided by Interchemical Corporation 
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Rciiilis — Till, ma\mial (nnntJtics of gluten wit)i 1 pei cent Ij sine iiigestablc 
3\erigttl 22 S, 26, and 28 6 Gm iiitiogen pti dav foi patients -neighing 44 3, 
32 0 and 55 kiloginnis icspectneh This piodiiced positne nitiogen balances 
o£ 9 3 9 4, and 10 9 Gni nitiogen pei dui lespectneh 

The niiMmal runiitities of iiatmal piofcm ingested lan 24 8 26 5 and 
286 Gm nitiogen pei daj in the same oidti as piciiouslj gnen The positise 
iiiti-ogeii balances iieie 7 5, 118, and 0 7 Gm nitiogen pei daj in the order 
described 

The p-itieiilb Mtit able to ingest mixfiiies of the tiio souues of piotein 
m the aieia^e ratio of tno paits of the pioteiu doinatne to one part natural 
pi-otun Aceoidingh 510 49 7 and 55 8 &m nitiogen pei daj, lespeetuelj 
were ingested (on tlie basis of Iiodj weight this was 6 fim or moie piotein pei 
kilogram per daj ) This piodiieed positiie niti-ogcii b dances of 18 8 18 4 and 
30 6 Gm nitrogen pei daa respectively 

Total bonim protein ooneentiatioii tncicnsfs foi all fliieo pciiods vveio 15 
33, and 22 Gm pci 100 ce lespectivclv Incicnses in seium albumin concen 
tration wtie 1121 and 2 0 f in (lei 100 c c icspcctivelv 

Gains in bodv wti„lit ot 6 1 70 and 63 kilogiams, lespectnch, weic noted 
at the end of the ospeiinient 

Conclusions — 

(1) In two out ot tliico pi otem depleted patients _Iiitcn with 1 pci cent 
hsme pioduced a sigiiificantK bcttei mtiogcn balance than did similai quan 
titles of natural piotein In a third patient the leveise was tine 

(2) Combining a piotein deiivativc with natiii il ])iotein enabled the 
patients to ingest eonsidciablv moie nitiogen than possible with cithei one alone 

(3) The ingestion ot 6 or nioio grams of protein pci kilogiam per dav was 
therapeutically feasible 

(4) Significant losponscs in total serum piotcms seiiim albumin and 
aou} weight weie seen 


111 BXPLRIENCES with a MERClRIAIi DIURLTIG 
FOR SUBCGTANCOUS INJECTION 

Jobuii F Borg IID I'm Dvno JI Crvio JI D (Bv Inmtvtion) 

St Pvul lIiNN 

A new nieieiiiial diuietic piepaied for subcutaneous adnunistiation has 
oeeii tiled clinicalb in office and hospital piactice TJiionienn is an oigano 
mercHij compound combined with mcrcapto acetate foiming a meieaptide 
“ IS a leadily soluble white powder which is diluted with water to contain 40 
™g of meiaiury per cubic centimetei Pielimiiian lepoits show it to have a 
low nicideuco of local oi sjstemic toMcitj in animals 

The present rcpoit includes ohseivatioiis on thiitj patients wlio have le 
cened from 1 to 50 subeiitaiieous injections of Thiomoiiii The patients had all 
beennndei oiu observation and most of them lequiied fieiiuent intiavenous in 
jections of one of the meiciiiial diuretics foi contiol ot congestive failure Pa 
tients were maintained on aiiimomiiin cUondc iii dosage of 4 to 6 Gut dailv pic 
ceding and during the couisc of the pieseiit observation Digitalis was con 
tinned if the patient was pievioiislv di„italiaod Changes in tlie moiiiing 
"eight and also clinical observations of edema and piiimonaii congestion were 
"sell as ciiteiia of dmietie eifeet The dosage was iisiiallv Ice, but ranged irom 
6 2o to 2 c e Following injection, diuresis began in two to six hours and lasted 
from twelve to forty eight hours The weight loss was proportional to the 
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amount of edema and -was usually two to five pounds, with extiemes of /leio 
to fifteen pounds Thiee patients, follow^ed foi thiee months, have maintained 
a stead} edema-fiee u eight by substitution of Thiomeim for intiavenous niei 
cuiiais 

The injections ha\e been suipiisingly fiee fioni local leactioii One 
patient dei eloped a soie nodule, still present after one mouth, auothei com 
plained of local tenderness, lasting one week About one-thud of the patients 
evpeiienced S}Stemie symptoms, langmg fiom slight muscle ciamps to seieie 
piostiation, ciamps, and diaiihea, lasting fiom twelve to seventy two horn's 
The moie seveie leactions iveie associated with gieatei luine output, altliougli 
there was eonsideiable individual vaiiation Usually subsequent mjections, 
even with compaiable diuiesis, wmie attended by lessei oi absent leactions In 
foul patients the use of Thiomeim was discontinued because of the seventy of 
the S}mptoms We haie found Thiomeim a satisfactoiy diiiietic foi subcu 
taneous admmistiation m the majoiit} of patients Theie is a low incidence 
of local leactions Sistemie leactions aie nioie fieqiient than aie seen after 
mtiaienous mercuiials When these occui, they aie lelated to the degiee of 
diiiiesis and can usualh be pieicnted by the use of smallei doses 


112 RENAL EXCRETION OP SALICYLATE DURING 
TREATMENT OP ACUTE RHEUMATIC FEVER 

Willi iM S Horpiiix, MD , \nd Catherine Nobe, B S (Bi Inwit vtion) 

Chicigo, III 

CTeaianee studies weie earned out m tw'elve patients who weie conwi 
lescing fiom acute iheumatie feiei but weie still talung laige doses of aspiun 
(6 to 9 Gill daily) Uime salicylate was paititioned mto total salict late, lec 
salicylate, and salicvluiate by the method ot P K Smith and colleagues 
iide and cieatmine cleaiances weie likewuse deteiniuied Aftei these tes 
subjects wmie placed on an alkalinizmg legimeii with doses of " ,mrulai 
sodium bicaiboiiate eveiy six lioiiis foi thiee days in addition to t e a ‘ 
aspiiiii medication The cleaiance tests weie then repeated i be 

was noted iii both sets of expeiiments Plasma salicylate was 
piacticalh entiielv unconjugated and was calculated as if it l jq be 

even though fiom 60 to 90 pei cent has been found by Mhei mves i^ 
bound to piotem To lule out the effect of alkali on the 
late, the appaient fiee salicvlate clearances weie ^ {CPC 

late to cieatmine clearance (SA/C x 100), as weie cliloiide c ec 

xlOO) , 4 9S to UD, 

Dm mg the mitial tests, when the mine pH ^P^S^d ion 
SA/C X 100 langed fiom 0 81 to 2 43, while 01/C x , pje "loumi 

3 16 In othei woids, the fiee salicvlate ions which weie ® , jj. pjg mine 

nil weie lesoibed b} the tubules almost as completely as c i pH 

was stiongly acid In tlie second set ot expeiiments, w le^ to 

lanyed fiom 6 22 to 7 98, SA/C x 100 langed fiom 4 b to uabouml 

eight times as high as when the mine was acid The Piese value' 

plasma salicvlate would have been thiee to five times hig sahc'Iuffi 

In othei woids, m the piesence ot excess sodium jecount 


ioi 


till. 


cleaied almost as well as mannitol This jihenomcnon vve 
lower mg of plasma salicvdate levels when all ah is giveu jouud to P 

The ratio of fiee salicvlate to total salicvlate in pje uriuaO P 

piopoitional to the pH of the mine, being as low as 
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KM about 5 0 and as high as 0 66 when the pll kts 7 75 Thus alKalmization 
did not affect the cxciction ot conjugated salicektes uhich A\eie apparentlj 
alieadt ma\imallv high In fact, tilth the absence of detectable amounts of 
conjugated sahcjlates in tlie phsmn, it appeared that conjugated salietlates 
iieto either foimed in the i-einl tubules or secieted bt them like diodiast or 
liippiiiates 

Cliloride creatimiie cleaianee tatios tieic not found eonsistentli inercased 
aftei alkahnization Since the e-\oiction of cliloiide is affected bi mam factors 
iiiiich could not bo controlled in these cvpciiments these lesnlts aic not siipns 
ing let the dependence of both chloride and salicilate csciction on the amount 
of fixed base aiailable for exeietioii iioiild make it appeal that both compete 
Mith each other for the aiailable base and that niidei the conditions of acid 
urines both are for the most pait lelaiiicd This might explain the lugli plasma 
chloride and relatiielv loii sodinin concciitiations found duimg salicylate 
therapj 


111 THE RECORDING OP 0X1 GEN SITURATION OP HLIIOGLOBIN 
BY A WHOLE BLOOD OXIIIETEB AND ITS APPLICATION 
TO CLINIC VL INVESTIGATION 

Dile Groom, M D , E ire H Wood, JI D , ind Hoivird JI Odfl JI D 
Rocuester JtiNh 

(Introduced DY H B Burchell MD) 

A photoelectric oximeter Ins hceii deiiscd by means of which tlie degree 
of QYjgen saturation of iibolo blood can bo measiiied inatantaneously and 
continuously, independent of the total content of hcnioglobin with a degiee of 
accuracy sullieient to waiiant its use in place of the Van Slylce gasometric 
aiialjsis procedure iii a vaiiety of clinical and reseaich applioatioiis 

The method is based primal ily on two phisical piinciplcs (1) that of 
measurement of concentration of the chief blood pigments ONyliemoglobm and 
reduced hemoglobin in teiins of their transmission of light according to Beoi ’s 
law and (2) the diffciential light absoiptiou diaiactciistics of those pigments 
ni tiio spectral regions 

Whole blood, either iii tlie foini of a small sample oi in continuous flow 
>3 contained in a polythene tube iihicli has an internal loluine of 0 5 e e and 
'3 traiisiUumiiiated hj a constant intensity li,,ht source The emeigent light 
IS recorded in tiio selenium bariicrlnjer photociectiio coU cneuits one fil 
‘Cred to pass the red light v.a\e lengths (650 to 750 miiiimieroiis) which aio 
iransmitted almost OYelnsiiclj by o\j hemoglobm, the othci filtered to record 
m the near infraied (750 to 1 000 milliniieroiis) wlieie both oxj hemoglobin 
end reduced hemoglobin tiansmit mth appio\imatoIy the same facility Since 
me red cell eurieiit lepresouts blood concentiation of oxi hemoglobin and the 
infrared cell current that of total hemoglobin a latio of i-ed to mfraied cell 
cuirents constitutes a measuic of the iclatue coiiccntiation of the two pigments 
end thei afore of the relatiie degree of oxygon saturation of the hemoglobin 
“J empirical calibration of the appaiatus aganxst results obtained by the Van 
N'ko method, absolute yalues, in teims of peicentago of oxygen satuiation can 
oe read directly from a nomogram or fiom a single calibntcd gal\ aiiometei 
crale Tlie metliod also lends itself to photographic recording of saturation 
lalucs syncliionouslj and continnonsly with reeoidiiigs of other physiologic 

'atiablcs 
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To date this mstiument has been utilized chiefly foi studies ot o\igeii 
satuiation of aiteiial blood and, in diagnostic eaidiac catheteiizatioii iilieie 
it alloys immediate coiielation of roentgenogiaphic, intiaeaidiac piessme and 
OX} gen satuiation obseiiations 

Accuiaey of this photoelectiic method has been computed fioni the lesiilts 
of simultaneous photoelectiic and Van Styke detei miiiations eaiiiecl out on 131 
blood samples laiigmg in hemoglobin eoncentiatioii fiom 13 0 to 25 8 Gm pel 
100 c c The standaid deviation of the diffeiences between values obtained h 
the two methods was 1 8 uidicated satuiation pei cent tins implies a 95 pei cent 
likelihood that an} satuiation detei mination made by the whole blood oximetei 
will be within 3 6 pei cent satuiation of that obtainable by Van Shke anahsis 


114 THE DETERillNATION OP HEMOGLOBIN AS PYRIDINE 

HEMOCPIROMOGEN 

A Hughes, Brian, MD, T Franklin WnLLvus, MA (Bi Inwttation), 
AND Ceilv R Webb, AB (By Inmtvtion), Chipel Hill, N C 

Foi use in nutiition suiveys a hemoglobin method was sought which would 
be accuiate, lepiodueible, and convenient to use m field studies, allow mg the 
blood to be anal} zed in a cential laboiatoiy some houis aftei collection in the 
field Ot the many published hemoglobin methods, ive selected the PHidn'e 
hemocliiomogeu method of Rimington, modified it, and adapted it to the EecK 
man spectiophotometei and the conditions imposed by field studies 

Method — Ten cubic milluneteis of blood measuied iii a calibiated Sah i 
type pipette aie disehaiged into 1 ce of distilled wmtei m a tube calibiate 
contain 5 c c The lesulting heiiiolyzed blood is alloived to stand at looiii e 
peiatuie t}yent}-toui houis betoie analysis , 

The p}iidine hydiosulfite leagent is piepaied fiesh foi I 

anahses as folloivs Five giaras of sodium hydiosulfite powdei is 
appioximately 80 c c of N/10 sodium hydi oxide The solution is m ei , ^ 
of p}iidine aie added, and the combined leagent diluted to lOU cc 
sodium hydioxide „ 

To the hemolyzed blood aie added 05 cc of p}iidnie f 

and 1 c c of N/5 sodium hydioxide, and the leaction mixtiue ^ 

with N/10 sodiiuii hydioxide The tube is shaken attei each a c ([(-jjsiti is 
iiig can be cbspelled by the use of one diop of n-but}l aicolio n„nutes at 
deteimined m the Beckman spectiophotometei aftei ten peak m 

558 to 560 m/i P}iidiiie hemochiomogeii has a veiy shaip a to dc 

the neighboihood of 558 to 562 m/i Foi accuiate totPimmations The 

teiiiune the point of maximum absoiption foi each set ot g prepaicd h' 

hemoglobin content of the blood is obtained fioiii a content was 

submitting to the foiegomg pioccduie bloods ovists between 

deteimined by anal}sis foi non A stiaight hue lelatmiiship exis 

hemoglobin content and density of pyiidine heinocbiomoge (i) pro 

We haie investigated the influence of the 'iLxtuie (-) 

poitions of sodium hidiosiilfite and piiidme in the . tune att^r 

of the oidei of adding the leagents, (3) change ot A f]ie liemob'^'-t 
adduig the leagents, and (4) eftect of the time appem 

blood befoie addition of the leagents The woik 

the most satisfactoiy and lepioducible lesiilts i i js less ft 

that the erioi in lepeated single detei minatious on 
x3 pel cent 
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115 TUE CELLUL VR COMPOSITION OF THE BONE M VRROIV 
IN NORM VE INF \NTS AND CHILDREN 


Kurt Gi \SER, M D (By Iwitviion), Ilrsiiv L PoscHni MD, ind 
Louis R Limvuzi, MD, fnicvro In 


E\ttiisnc icMCHs of the liferatuit on the tellulai composition of tlie hone 
marroii iii chihlitii ha\e slioiwi the IscI of infoiiiiatioii anihblc on this subject 
and haie e\picssccl tiic need foi fiuthcr ni\tsti„ ition 

This studj coYeis 13S steiml niaiioii piinetuics on iioiiinl niduidiials 
from biith to 19 Yeifs ot a^e Tlieie \ins sen little it am laintiou In d_e 
found m the cell counts of indiMduats nngiiie, in a,,c fioni 1 to 19 leais The 
thidiii„s of the cell counts of tins age „iotip iicie theietoie used to establish 
normal aieiaoe lalues foi the ccllulai distiibiition of the hoiii iiiaiioii (niielo 
blasts, 123 pel cent, leiicoblasts, 144 pci cent pioim cloci tes 1 pel cent 
mj eloci tes, 3 46 per cent* metanijclocrtes 3605 pel cent poh nioi phoiiiicleai 
cells 12 9 pel cent, cosinophiles, 3 58 pel cent pioiioiniohlasts 0 47 pel cent 
basophilic normoblasts 1 69 pel cent pohehioni itie iioimoblasts 18 2 pel cent 
orthoeliioniatic noimobliLsts 2 72 pel cent) 

Cell counts on miants less than 1 aeai and paiticululj less than 1 iiiontli 
old showed wade and constant \ariations with a^e The nuiiibei ot iiueleatcd 
ted cells duiiiig the fiist and second dais of life appioMinated those established 
as normal aieiaoCS (23 12 pei cent) Piom then up to the fifteenth dai tlieie 
''as a marUed dceiease, followed in turn bj an inuease to aaeiaoe \ dues 
Lower figures tveio again lecoided duiiiig the thud to fifth mouths Vmoug 
the individual cells of this senes the poljchioinatie normoblasts showed laria 
fions identical to those of the total red cell group Pionoimoblasts and baso 
philio and oithoeliiomatic normoblasts showed similai findmgs hut the flue 
tuations in iiumbei became less maiked and statistieallj less significant with 
the smallct number of cells Ovei the eiitiie span of nineteen Joel’s tlieie 
seemed to bo a tendencj foi the vounger cells to deeiease in nnmbei with pro 
o'rcssnig age and for the oldei cells to mcicase duiin„ the same peiiod This 
'ariation ui percentage was minimal vet it occurred with lemaiLahle consis 
tency 

The observations on the mviloid '•cues lilcwise hioiioht stion„ md con 
slant changes duimg the firet month of life with less significant vaiiatioiis 
'taring later months and jeais The values foi the fii-st and second davs of life 
eloselj appioaclied the average fioUics (60 59 pci cent) tlie follownm duvs we 
saw a maiked inciease in imnibei ot niveloid cells with a diop aioimd the 
twentieth daj, followed hv a rise to aveiage fi,,uies bv the end of the first 
month Prom then on theie was little deviation fiom the aveiage up to the 
end of the observation peiiod (nineteen v'cars) As to the individual cells iii 
mis oioup the metamj elooj tes which foim the laigest pait of the senes 
stowed the same pattern as the total „ioiiii The smaller gioiips of the mveloid 
scries showed findings similai to those of the total „ioup hut loaiii the van 
atious were not as maiked because these cells oceuiied m much smallei luimhers 
m consideiiiig the total peiiod of obseivation tlieie seimed to be a,, ini a ten 
heuev for the numhei of voungei foims to deeiease and foi the iiiimbei of oldei 
lorms to ineiease 

The nijeloid eijthioid ratio showed diiimg the fiist and second d ivs figures 
emse to the established aveiage (2 94) followed bv a shaip rise up to the end of 
toe seco nd week (14 5), when the values again fell leachiiig the iveiage at the 


amon^ 


cells showing- more than kttlnej liapcd Indentation of their nucleus \7ere placed 
the metamyelocytes thus producing relatl\el\ low %alucs for the nix'locytc- 
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To date this instiument has been utili/ed chiefly foi studies of owgcu 
satuiation of aiteiial blood and, in diagnostic caidiac eatheteiizatiou w licit 
it allows immediate coiielation of loentgenogiaphic, intiacaidiae piessiue and 
oxygen satuiation obseivations 

Aceuiaey of this photoelectiic method has been computed fiom the lesiilts 
of simultaneous photoelectiic and Van Slyke deteiminations earned out on 131 
blood samples langing in hemoglobin eoncentiation fiom 13 0 to 25 8 Gin per 
100 c e The standard deviation of the diffeiences between values obtained b\ 
the two methods was 1 8 indicated satuiation pei cent, this implies a 95 pei cent 
likelihood that any saturation deteimination made b"^ the whole blood oximetei 
will be within 3 6 per cent saturation of that obtainable by Van Slvke anahsis 


114 THE DETERMINATION OF HEMOGLOBIN AS PYRIDINE 

HEMOCHRO]\IOGEN 

A Hughes Bryin, MD, T Franklin AVilliams, MA (By IwnwTiON), 
AND Cella R AVebb, AB (By Invitation), Chapel Hill, N C 

For use in nutrition surveys a hemoglolnn method w’as sought which voiild 
be accurate, reproducible, and convenient to use nr field studies, allowing the 
blood to be analyzed in a central laboratory some hours after collection in the 
field Of the many published hemoglobin methods, we selected the 
hemochiomogen method of Riming ton, modified it, and adapted it to the BecK. 
man spectrophotometer and the conditions imposecl by field studies 

Method — Ten cubic mrllinreteis of blood measured nr a calibiated Sah 
type pipette aie discharged into 1 ec of distilled water m a tube calibiatecl 
contain 5 c c The resulting hemolyzed blood is allowed to stand at looiii eii 
peiatuie twent} -tour hours before analysis 

The pyridine hydiosulfite reagent is prepared fiesh for each batci o 
analyses as follow's Five grams of sodium hydiosulfite powder , 

approximately 80 e c of N/10 sodium hj dioxide The solution is 
of pyiidiue are added, ancl the combined reagent diluted to 100 ce wi 
sodium hydroxide „i 

To the hemoh'zed blood are added 05 cc of pjiidme 5^et 

and 1 c c of N/5 sodium hydroxide, and the reaction iiiixtuie 
wuth N/10 sodium hjMioxicle The tube is shaken attei each ‘iy„s,n js 

iiig can be dispelled bi the use of one diop of ii-butyl alcoho jmniites <it 

deteimined m the Beckman speetiophotometei aftei ten \ peak »' 

558 to 560 mjLi Pyiidme hemochiomogen has a veiT shaip a ® ' to dc 
the neighboihood of 558 to 562 m/t Foi accuiate woik it pt,ons 
teimme the point of maximum absoiption foi each set or opiepaicdh' 

hemoglobin content of the blood is obtained fiom a u,,, conteiit was 

submitting to the foiegoing piocecluie bloods whose heniog . peU'cen 

deteimined by analysis for non A stiaight line lelationship exisi 
hemoglobin content and density of pyiidine hemoeliiomogeii ^ ..Lies (D 1’“’ 

AVe have investiaated the influence of the (2) efied 

the leaction iiiiAmi^ 


litCl 


AVe have investigated the influence 

poitious of sodium hruliosulfite and piaidine in luu with tii“'^ • i 

of the oidei of adding the leagents, (3) change ot | jjie hcnioh^^^* 
adding the leagents, and (4) efitect of the time ot s j appC'‘>i "1'^ 

blood before addition of the leagents The uoik 

the most satisfactory and lepioducible lesults Pic less tha 

that the erioi in repeated single determinations on 
±3 per cent 
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tarjooytes is observed m some cases of Hodgkin s disease Tliese cells are not 
specific for this reason These hraplioid” mCnnkaitocjtes may produce 
atvpieal forms of platelets (3) Eced Stcinlieig cells were not seen in sternal 
aspiration material noi in the lustologie sections of bone marrow particles fi om 
such material EMdcuco is presented to show that the giant cells of Hod_,kin s 
granuloma are not simihr nor iclated to bone matiow megakart oe> tes (4) The 
finding of incieased numbois of normal oi ittpical plasma cells cosinoplules 
and reticular cells is neithei a constant nor a speeifit pattern of tlie bone maiiow 
in Hodglvin s disease Eosiiiophiha of the bone mairow cannot be coiielated 
with the peripheial blood eosmojilnlia (6) Tiie accurate diagnosis of the 
disease is established onlj hy the finding of the specific pleomoiphio lesion of 
Hodgkin’s granuloma This is best ohsen ed in the histologic section of an in 
rolved lymph node The finding of am one cell oi gioup of cells in steinai 
aspirated bone marrow films is insufficient ciidcncc foi the diagnosis of Hodg 
kin’s disease 


117 ANEMIA OP PREGNANCY TREATED WITH MOL\BDENOM 
IRON COMPLEX 

WlLLLUt J Dieckmvnn JI D (Bt Imitvtion) HvboldD Pbiddle MD 
(Bt iNvrrmov), Rose Tub'ceh BA (By I'CvixmoN) «,d 
Betty Treptow (By Invitvtion) Chic too III 

Four and siiv tenths per cent of out picgnant patients have a hemoglobin 
concentration less than 10 giams per 100 ml but if f!ie nonpregnant standaid 
of 12 grams is used 39 pci cent arc anemic We believe that the lower limit 
of the hemoglobin concentration between the twolftli and tliiitt siith weeks is 
10 grams and from then to tcim is 10 5 giams Up to twelve wcel s antepartum 
and b) sl\ weeks post partum the lower limit is the nomal nonpregnant limit or 
12 grams of hemoglobin All patients aie scicened by a homatociit dotermina 
tion every thiee months at term and again at si\ weeks and si\ months post 
partuiu Any patients with hematocrits less than 37 for the noupiegnant oi 
early pregnant or less than 30 between the twelfth and thiitv sixth weeks or 
less than 32 between thirty sl\ weeks and term have a henioglobm determination 
an erj throoyte count and the i nrions indices calculated 

Treatment with ferious and feme non alone oi with vaiious vitamin com 
buiations did not cause a significant inciease m the rate of hemoglobin foi 
niation A molybdenum iron complex has resulted in a lapid inciease in henio 
globin concentration If this docs not occur within thice weeks then nioie 
extensive studies should be made to detcimiue the cause of the anemia 


118 OBSERVATIONS ON THE TREATMENT OP ACUTE LEUCBJtlAS 
WITH ANALO&UBS OP FOLIC ACID 

W JiconsoN MD Willi vm C Levix MD vxd Gordo-c Holt, M D 
Galveston Tex vs 

(Introdlced by Bvy 310x0 Gregory MD) 

Ten patients belonging to the group with acute leucemia liaYe been 
treated with Ammoptenn (4 ammo ptcroylglutamic acid) or Methopterin 
(10 methyl pteroylglutamic acid) Acute Irmphoey tie leucemia (leueosarcoma) 
^as the diagnosis m seven instances and acute moiiohlastie lenceniia in thiee 
Eight patients were children and two vverc adults 
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In geneial the patients weie tieated with 2 mg of the compound, adnmi 
isteied intiamiiseulaily, on alternate days Some patients, leceivmg Meth 
opteim, had the dosages inci eased to 2 mg daily Blood tiausfusions and 
antibiotics weie admmisteied when indicated 

Patients Tieated With Aimnoptenn — Tliiee patients leceived Ammop 
teiin only, a fouith patient leceived Aimnoptenn following an initial peiiod 
on ilethoptei in All foui developed evidences of toxic leactions as manifested 
bv stomatitis, maculai lash, and maiked depiession of bone maiiow actniti 
One of this gioup showed some climcal and hematologic mipioveroent One 
patient has died, and the remaining two have failed to show a definite i espouse 

Patients Tieated With Methopteiin — ^hlethopteiin was given to six pa 
tients and a sexenth received ilethopteiin but latei xvas tieated xvith Ammo 
pteiin Of these seven patients, two died befoie the drug had a chance to act 
Of the lemaindei, none developed manifestations of toxic symptoms in con 
tiast to the patients tieated xvith Aminopteiin One patient has developed a 
veij conspicuous clinical and hematologic lemission with a leveisal of the 
niaiiow to a neaily noimal picture Another patient impioxmd xvhile leeeivmg 
Methopteiin but hei condition deteiioiated when subsequently lecenmg 
Aminopteiin Three patients have so fai shoxvn no impiovement but aie still 
under treatment 

The impression has been gained that Methopteim is superior to Ammo 
pteiin 111 the treatment of acute leucemias, especially nr view of its lovei 
toxicity 


119 TREATJIENT OF ACUTE LEUCE]\IIA WITH Ai\IlNOPTBRlN 
(4-AMINO-PTEROYLGLUTAMIC ACID) 

Mil r Pierce, M D (By Invitation), and Howard Aet, M D , Chic mo, III 

Remissions chaiacteiized by clinical and hematologic 
return of the maiioxv pattern to normal in acute lericennas tieated witlm 
pteiin xveie reported by Faibei and co-woikeis, in the spring of IJ 
duration of treatment in this pieliminaiy lepoit xvas of three montiis 
This report deals vutli oui expeiience in the treatment of eleven patien s 
acute leucemia since May 1, 1948 3 

The action of Aminopteiin is not clearly luideistood Faibei ° 
certain pteioylglntamic conjugate, notabh' Teiopteiin and cj jmg 

an aeceleiatmg eftect on leucenuc tissue The search foi an an 
led to the sjuthesis of Aminopteiin, this product caused a ‘ „ and 

total blood leueocj-tes, a reduction in the size of the hematopoietic o 
aplasia of the maiiow _ , Icstcnt 

Lr 0111 senes there were nine childien nndei 10 rears of age, 

13 X eais of age, and one adult, 66 years of age All but one haa a 
leucemia The duration of the disease prior to treatment The dad' 

month in ten patients The drug xvas administeied nitiannisci _ ^ ^5 to 

dose was adjusted to the age and xveight of tlie patieiR ana ijat,on mis 

1 mg 111 the children and from 1 to 2 mg m adults theieaftei 

continued until elnrical and hematologic effects xveie dex eloped 

nient xxas gixmn four to firm times a xx’eek until mam ‘ ^^eie lal 
Transfusions xxeie used to support the anemia tion of tiTatment 

loxxed bj^ serial blood and bone marrow studies The ^ {jnee, one 

has extended more than four months nr four eases, tieated, cield 

month nr txxo, and less than one xxeek nr txxo Of elexmn p 
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an. still li'iiie,, tluee me de-id Of the ci^Ut In mg iiatients, fise sustained it 
mission tluee did not Ot the tluee inticnts who died one was tieattd in the 
teniuiul plnso and one succumbed to i ectebral liemoiiliago one was the adult 
In the &\e patients m whom complete icimssioiis were obtained, the duiation of 
tilt clinical ind hematologic impiotement lasted fot more than si\ weeks in two 
instances, after wlycli some degree of entaigeiiient of tlie hematopoietic organ 
aiid/oi letuin to the loiicenuc inaiioiv patteni lecuiied Both of tliese patients 
aie still Iniiig In tluee eases, the diuation of the lemission is less than a 
mouth Of the tluee Iniiio patients who showed no lemissioii two wcic treated 
loiitinuouslj foiu months and one foi tluee weclts 

The lemissions weie mituted m each instance hv a fall ui the total iium 
her of blasts lu the peiipheial blood, and a lapid leduttion in the size of the 
hematopoietic oigans Ihe effects otetmed within ten to tweiitj dajs attei 
institiitiiig tieatment IIjperpMCNn abdominal tenderness and sei ei o hemoi 
ihagie diatheses wei-e otteii cncoiinteTnl In ail instances a seieie aplasia of 
tlic niairow accompanied these signs The total dose of Aiiuiioptenn admin 
isteied befoie signs of inaiiow aplasia dei eloped laned fiom 2 5 to 20 mg The 
diug was discontinued when aplasia developed Following tlie aplastic stage 
the total leucocyte oouiit rose „ridmllv tollowed bv i rise in the letieulocytcs, 
erjthroejtes and platelet levels Granulopoiesis letmned in the bone mairow 
within five to ten davs During the pciiod ot active manow gianulopoicsis, 
climeai mipiovoment was diamatic and evidenced bv a diop in the tempera 
tiiro curve and geiieial appeaiancc of good health Treatment was resumed 
as soon as gianulopoiesis was le established Stomatitis developed in seven pa 
tieuts under prolonged tieatment In the two under tieatment for four months 
who sustained a complete lomtssion telapse of the svmptoms ooeuned attei 
SIN weeks and the chmeal course has been subacute Relapse was initiated bj 
increase m size of the penpheral Ivmph nodes and spleen, a using white count 
and leouireneo of the leueeinu maiiow patteni Undet continued tieatment 
reduction in the hematopoietic oigans was obtained again Howevei the bone 
marrow lias lemained leueeniie In spite of the marrow involvement the led 
count hemoglobin and platelet values leniained normal since the initial remis 
sion, a period now of more than tluee months In the tluee patients under con 
tinuous tlieiapj foi fom months tlie clmical course has been subacute and 
organ involvement has been minimal but no measiuablo improvement in the 
mallow pattern has been noted on repeated cNaminatioiis 

SiiHuimry — Of eleven patients with acute leucenua tieated since Maj 1, 
1948, remissions have been obtained in five instances The remissions have been 
characterized by a severe mairovv aplasia followed l)j a rapid legeneratmn 
Remissions aie not sustained Wliethei the use of this pioduct will significantly 
change the coui’se of the disease remains to be proved 

120 TRCATMlsNT OP CHRONIC LEUCEJIIA WITH A tOLIC ACTT) 
alNTAGONIST 

Evvvrpnce Beuvun, M D (Bn Invitv-tion) Arnouu R Axelbou, II D 
(Bi Invjtvtion), EniionB C TonderHeide, HD vnd 
EewoodA Shvbp JID, Detroit Mich 

Pievmus 1 spoils on the use of ptcrov Igliitamic acid antagonists in man 
have dealt primaiilj with the tieatment of acute leucemia Tins stud} is based 
on obseivatioiis of the effect of the folic aeid antagonist 4 ammo ptvrojlglutamic 
acid* in nmo jiatienfs with cliioinc leucemia One of the patients having niv 

N-fl-Itl I ,llamln(^6 ptcrH}l)-meOi}lJ-‘»mno)-benzo) IJ-clutamic acl! 
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elogenous leucemia leceived two senes of tieatments The diug was taken 
oially, in daily doses langmg fiom 125 to 7 5 mg over peiiods fiom sl\ to 
twenty-five days Eesiilts aie shown in Tables I and II 

Table I Leucocyte Counts in Patients With Myelogenous Leocemii Befobe and 

Aptek Treatment 





IMMATURE 

MATURE 





GRiVNULO 

GRANULO 

TOTAL 


TOTAL ^VB C 

STEM CELLS 

CYTES 

CYTES 

DOSE IN 

CASE 

PER C MM 

PER C MM 

PER C MM 

PER C MM 

MG 

la 

300,000 

14,280 

121,200 

109,000 

0 


15,000 

0 

• 856 

7,450 

117 

lb 

100,000 

4,330 

22,080 

62,400 

0 


68,000 

302 

15,410 

37,200 

49 

2 

150,000 

7,810 

72,000 

49,500 

0 


28,700 

287 

861 

20,900 

97 

3 

47,800 

8,560 

10,710 

24,580 

0 


18,850 

296 

1,059 

14,320 

97 

4 

263,000 

27,920 

98,600 

100,800 

0 


184,000 

6,930 

5,550 

118,800 

86 

5 

78,000 

19,080 

8,860 

33,300 

0 


5,750 

39 

78 

3,921 

67 

Table n 

Leucocyte Counts 

IN Patient With Lymphatic Leucemia Before and After 



Treatment 






GRANULO 




total W B 0 

STEM cells 

CYTES AND 

LYMPHO 

total dose 

CASE 

PER C MM 

PER C MM 

MONOCYTES 

CYTES 

IN JIQ 

1 

102,000 

4,270 

15,500 

82,200 

0 


73,800 

5,740 

260 

67,800 

132 

2 

76,400 

0 

12,500 

63,900 

0 


77,800 

0 

8,600 

69,200 

105 

3 

35,130 

0 

4,567 

30,563 

0 


50,000 

0 

10,500 

39,500 

i)2 

4 

231,000 

26,240 

6,644 

198,100 

0 


180,500 

8,570 

7,876 

164,000 

5o 


Stem cells in both myelogenous and lymphatic leiicemia and ininia uie 
giannlocytes m myelogenous leucemia decieased in numbei, but plateie an 
eiythioeyte counts iveie vaiiable Usually matuie giannlocytes deeie^e 
numbei dining tieatmeut, but lymphocytes of matuie type weie not a ec 
Piogiessive falls m total leucocyte counts occuired foi as long as ten dajs 
tieatmeut was stopped „ >1 

The most impoitant moiphologic effects mcluded the appeaianee o 
numbeis of megaloblasts in mateiial aspiiated fiom the sternal niaii 
cells -weie indistinguishable fiom those chaiacterizing eiythiopoiesis i 
lan pernicious anemia in lelapse They weie seen aftei fom dais 

of the medication had been ingested ovei peiiods from si\ to twen 

In tivo patients with lymphatic leucemia theie w'eie fljjd neiei 

of Iwuph nodes The hematologic effects of theiapy w'Cie jg ap 

completely adequate because tieatinent had to be stopped wiien 
Peaied ^toniati 

The toxic effects, in the oidei of appeaianee, included piai diariliea- 
tis, sore tongue, cianipy abdominal pain sometimes associa ^ daiN 

deimatitis, and alopecia Usually phaijngitis fiist appeaie ^ fi,e 

befoie 01 aftei significant changes m the leucocyte conn 
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total dosage of the diug iilutli pioduced to\ie effects \aried from 30 to 7') ing , 
although one patient lecened 105 mg ■ttithout eNpeiieiieing such signs Then, 
lias evidence that ivhen small doses aic used iiiitiall} a largei cumulative dose 
can be tolerated befoi e toxic sj mptoms appeal 

Autopsies oil tivo patients uho expired shoith aftei theiapj iias stopped 
revealed no ehaiiges uliieii could be attributed to the medication 

Although 4-aniino pteioilglutamie acid had a definite lieniatologie effect 
there was no subjective iinprov enient in anj of the patients The use of the diug 
in chrome leucemn is limited bv the eirh development of toxic phenomena 
Further studies ivitli iclated compounds aie warranted 


121 EFFECT OP ANTIFOLIC ACID DEKIVATIVES ON PATIENTS 
WITH PAR-ADVANCED C ARCINOIIATOSIS 

Samuel G Tvylob, III, JID, Dvnlev Slvughteb, 31 D (Bx Ivvitvtion} 
Frederick AV Prestov SID (Bx IwnrxTiON), Joseph CrumRIxe 31 D 
(Bx IwiTVTiov) iND Georoe IIvss SID.Chicvgo III 

Observations vveie made on tlurtj five patients with fai advanced cai 
cmomatosis given pteiojltriglutamie acid (Teiopteiin) intiaiimscuhrlj dailv 
for from two vvcohs to twelve montlis The dose varied fiom 20 mg dailj to 
50 mg bid The following diseases were treated two epidermoid caieiiionias 
one oaicmonia of the paneieas three mixed tumors of the paiotid three adeno 
earcmoinas of tlie eeeuni, two caicinomas of the colon, five carcinomas of the 
breast, throe transitional cell eaiemoinas of the bladdei, one thyniie earcinoma, 
two bronchogenie carcinomas one adenocarcinoma of the lectum with carcinoid 
of the ileum, two caicmomas of the ovaiy, one epithelioma of the poms, one 
hyperneplironia, one neurofihiosaicoma one lymphosarcoma, one fibrosarcoma 
of the orbit two melanosarcomas, one Ewing’s sarcoma two unclassified malig 
nant bone tumors 

No patients shoived an) evidence of toxic leactions to the drug even vvitli 
Very large doses No change in the expected coiuxe of tile disease was noted 
m thiit) four of the thntyfivc patients given the diiig We were unable to 
demonstiate any beneficial effects attributable to administration of the drug 
m these patients 

One patient with pulmonary metatases from a carcinoma of the bieast 
showed roentgenographie evidence of incomplete regiession of the metastatic 
nodules after three months of daily injections of 40 mg pteroyltiiglutanue aeid 
Though the metastatic nodules persist tlieie has been no mcrease in their size 
five months following cessation of administration of the drug 

Autopsies vveie peifoiined in twelve instances No specific effect of the 
drug on tumors could be demonstrated micioscopicallv' 

Twelve patients with malignant disease weic given 4 amino pteroylglutannc 
Mid (Anunopteiin) The following diseases vveie treated one mycosis 
tungoides nine carcinomas of the female breast, one adenocarcinoma of the 
avar) one melauosarcoma 

3Iost patients developed ulcerative lesions in the buccal, vagmal or rectal 
U'ucosa during therapy Gianulocjtopcnia occiiired in two patients and a 
fatal pane) topenia developed in one Tins patient also had multiple uleoiations 
of the gastrointestinal tiaet Stomatitis and v agmitis usually preceded gtauulo 
0) topenia Tlie appearance of toxic reactions frequently necussitated omission 
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of the drug Stomatitis and ieucopema developed in one eldeily patient aftei 
two d aily in 3 eetions of 1 mg of 4-aimno pteioylglutamic aeid 

An aiiest of lapidly piogiessive ueuiological changes and loentgenogiapliic 
eindenee of maiked legiession m the pulraonaiy lesions have been noted in one 
patient with metastatic eaieinoma of the bieast Jilaiked legiession of legional 
metatases was noted in one othei patient with metastatic mammaiy cancel 
However, both patients expeiieneed seveie toxic leaetioiis to the diug 

It IS concluded that pteioyltriglutamic acid m. the doses given aie probablj 
of no value in the tieatnient of the types of malignancy stated in the loiegoing 
No conclusion can yet be diaira on the effect of 4-ammo pteioylglutamic 
aeid on maiignanej' Howevei, the dianiatie lesponse of one patient necessi 
fates fiirthei eaieful obseivations despite tlie dangeious toxic side effects 


122 EFFECT OF VITA2IIN ON THE HEMATOPOIETIC AND 
NBEVOUS SYSTEMS In'aDDISONIAN PEENIOIOUS 

ANEMIA 

B E Hall, MD, AND D C Campbell, MD (By Invitation), 
Rochester, Minn 

The effect of vitamm B^j in six patients having classical Addisonian per 
iiicious anemia has been stuped In foui of the six patients the diagnosis of 
pernicious anemia had not been established pieviously The lemaimng two 
patients had had shoit coui&es of treatment with paienteial hiei 
four and tluee yeais, lespectively, piioi to admission to the Clime All six 
patients weie in seveie lelapse Eeticuloeyte peaks weie noted foui to sev® 
days after the institution of theiapy and iveie followed by a rise m , 
cjde counts which i cached noimal levels m fiom foui to six neeks oei 
aspiiations of the bone maiiow levealed complete conveision fioin 
blastic to noimoblastic legeneration in fiom foity-eight to ninety I 

ddministiation of Bjo Lanteim slides in coloi vill be used to depict tiie 
changes in the marrow ^ ^ 

Excellent hematologic responses weie obtained with doses of 
vitamin Bjj adimmsteied at weekly intervals mtiamusculaio 
u as obtained to indicate that intervals longer than one week 
weie not always accompanied' by a maximal use m eiythiocyms 
an mitial dose of 6 pg A\as not followed by a maximal ieticiuoe 3 l;e i P 
interesting observation vas the development of ^YPoehiomasia m 
C 3 ’tes of two of the six patients duimg the peiiod of use in ei 3 i 
The significance of this obseivation is not cleaily nndeistood an 
stnd}’- , 

Foui of the sLx patients had glossitis piioi to the 
In aH foni the glossitis improved after tieatment vas . subacuk 

disappeaied Four of the six patients also had definite yi jj^pro^eineid 
combined degeneration of the spinal cold One vitamin B,- ® 

symptomatically oi ob 3 ectively aftei lecemng 100 jig . i i„ unpibieraenf 
peiiod of sixty-two days A second patient showed xem remaining 
aftei receiving 75 /zg ovei a peiiod of thnty-thiee to be 

patients hare not been observed long enough to permit ^ peiiod 

It should be emphasized, howevei, that prolonged ohsei jg^g^niine ubetber 
many months will be necessary before it will be and peripbcra 

oi not vitamin Bjo theiapy will piotect permanenth ti 
nervous sj’stems in pernicious anemia 
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123 ESSCNTLVLITY OF BOTH THD ANPIPERNICIOUS ANEMIA 
FACTOR OF ERER AND PTERO\ LGLUTAMIC ACID 
FOB HEMATOPOIESIS IN SWINE 

Robert W Heinle M D Arnold D Welch M D and Jack A Pkitchabd, 
MD (Bv Inmtvtion) Clevel\nd Ohio 

Jlicioejtie anemia mth megalobl istic liipeiplabia of tlie mairow Mas in 
dueed m sMino by use of a diet essentialh lice of evtnnsic factor and pteioil 
glatannc aeid (PGA) and contuning a ticide POA mtagomst and sucemyl 
suifathiazole 

One pig tlius lendeiod anemic itspoiided nicouipleteh to one dose of PGA 
toe !i\er extract (15 units) but two months iatei faiied to tespond to fen 
suceessne dadj doses of 15 uiuta eitli I oni 15 mg doses of PGA tJien pro 
duced an excellent hematologic rcsponsi 

Another iit„ failed to lespoiid to file dull doses of 200 Gni of crude 
casein, used as a soiuce of extrinsic f-ietoi In a second period teu nimute 
daily doses (0 03 mg each) of PGA caused onh a small reticiiloeyte response 
111 a third peiiod hoiioiei fiic daih doses of 2(i0 Gm of crude easem produced 
a secondary retiouloei tosis and a moie complete hematologic response 

The findings indicate tlmt a dual dcftctenei miolung PGA and the anti 
pemieioua anemia (APA) factor iias produced In the fiist pig it is suggested 
that the fiit.t admuustration of liter extiaet pioduced a small response because 
PGA nas not completelt absent while the second administiation of liter ex 
tract was ineifectito because the inimal tias non dctoid of functional PGA 
Whether a deficienct of AP V factor had also been le cstabbsliod cannot be 
stated, but failuie to respond to liter extract indicates that the PGA defioienoy 
was, by itself capable of pieientiiig hematopoiesis In the second pig it is sug 
gasted that extiinsie factor was ineffcctite until a citalytic amount of PGA was 
made available 

A third aneniie animal lespoudcd twice to single doses of 1 mg of PGA 
given at monthly mtenals Howevci a thud dose given aftei another month 
failed to elicit a significant i espouse A single dose of 100 units of purified 
Iner extract pioduced a good i eticulocs tosis and a partial hematologic remis 
Sion However this restored the abiliU to respond to PGA as indicated by a 
good reticulocyte lesponse fbllowing s fourth inicetion of 1 rag 

The results in this anmisl indicate that deficiencies of PGA and of the APA 
factor were produced When the deficienct of APA faetoi became sufficiently 
profound PGA was unable to induce hematopoiesis With lemoval of the de 
fieieiiey of the APA factor with a resultant partial remission PGA again he 
Came hemutopoietiealh active 

It may bo concluded that under the conditions of tliese cxpeiiments neither 
the APA factor nor PGA can funetioii licmatopoieticalh in the absence of the 
other and that both substances arc essentnl to the piocesses involved in the 
maturation of eiythrocytcs 

124 FURTHER STUDIES ON THE EFFECT OP URETHANE ON 
LEUCBMIA 

PtUL E Bemngeb 51 D Ohicigo III 
(Introduced nr Louis B Dimarzi 51 D ) 

Last year, before this Society we icported the effect of urethane ni leu 
ccmia on cxpeiience gamed with tlmty five cases We hate now studied its 
effect in a total of eighty five cases Of these leueemias 30 were scute 3 were 
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acute monocytic (Naegeli type), 2 weie subacute myelocytic, 2 weie subacute 
lymphocytic, 34 weie chronic lymphocytic, and 12 were chionic myelocytic 
One patient with lymphosaicoma of the skin and one with myeloid metaplasia 
of the spleen weie also obseived 

In geneial, our latei obseivations beai out those previously lepoited 
The most consistent lesults in using methane may be expected m those mdi 
VI duals having the chionie myelocytic type The white blood count maybe 
brought to a noimal level and, except foi minor fluctuations, may be mam 
tamed theie as long as a piopei dose is given If the drug is stopped, the count 
steadily and lapidly uses; only to diop agam ivith institution of methane 
therapy The red blood cell and hemoglobin values aie impioved dining this 
treatment 

In ehionic lynnphocytie leueemia the lesults m ovei 80 pei cent of oui 
senes aie good as concerns the loweiing of the white blood count It appears 
that in some individuals laigei doses than can be tolerated are needed foi pio 
ducing the desired effect 

The lesults in the use of methane in acute leueemia aie the least stiik 
ing Although one obseived occasionally what appeals initially to be a diaraatic 
fall m the white count, the patient eithei succumbs at this level oi has an equallv 
sudden use to even liighei than pretieatment levels befoie death We have ob 
seived in two of oiii patients a tempoiaiy complete bone mariow remission to 
noimal Howevei, this effect was not maintained 

Theie is little effect of methane on the size of the lymph nodes oi spleen 
in lymphocytic leueemia As a mattei of fact, in one patient with 
lymphocytic leueemia the glands actually uici eased in size Our usual aai y 
dose has been fiom Yo to 3 Gm oially Some of oui patients liave beenmai 
tamed foi eighteen months on the diug, with a total of over 5,000 Gm 
mmisteied At this dosage level no toxic effects, othei than weight loss, mo 
ness and loss of appetite, have been obseived m the living No , 

have been obseived fiom the diug as seen at autopsy Caie should ^ , 
the mtiavenous adnimisti atioii of methane as ive have obseived a tata y 
it was given m this maiinei 


125 CLINICAL OBSEEVATIONS WITH IIETHYL-BIS 
(B-CHLOEOETHYL) AMINE HYDEOCHLORIDB 

TmoR J Greenw vlt, jM D , and Anthonx J Grueninger, M D 

jMilw-vuivee, Wis 

(Introduced by Mvurige Hardgrove, MD ) 

Twenty^-fom patients have been tieated with methyd-bis ^ 
amme liydrochloiide smee Novembei, 1946 The leconimeii e 
ment consisted of 0 1 mg pei kilogiam of body weight gi 

„ m^ved by biopsy 

Theie weie twelve patients "with Hodglan s liave died Tb® 

Seven of these patients weie x-ray resistant Foui oi tne S A flange, one to 
average duration of life after staiting therapy was eignt n ^ftcr tieat 

thirteen months) The other three are stiU livmg two to s jjjjtial 

ment In five additional patients mtiogen „ -jioit lived 

form of therapy In three of these the beneficial eiiec , remission fo 

other two the results were more satisfactory One , j-.^ay theiapy '' 
SIX months and had tivo courses of the alkyl amine months and 

instituted The other has been m complete Both weie gi' 

received three courses of therapy Two of the five a 
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i raj tJierapy after failure of lespouse to mustard Tlie average duiation of 
disease by liistorj m the si\ patients who liave died uas 7 4 years (range, six 
moutlis to tuentj jeais) The aveiagc duiation of disease in the six living pa 
tieiits IS 1 5 jears at piesent It appears that the methjibis (B chloroethyl) 
amine is of lalue in ticatiiig \ laj resistant eases of Hodgkin s disease It of 
fers no adiantages as an initial form of theiapj 

T«o patients iwtli Ijaiipliosaicoma and tiio with giant follicle Ijanphonia 
weio giicn nitrogen ranstaid One of each of these had a partial, unsatisfacton 
remission One ui eaeli eategoii is still in icinission nine montlis after a single 
couise 

One patient with ehionie hanphoei tic Icueenna one iiith chronic lajelo 
citic leuceinia and one watli pohcithcmia sera weie tieated with partial and 
brief 1 espouse 

Two patients with squamous cell bionehiogciiic and one with small cell 
adeiioeareiuoma of the lung one with squamous cell eaicinoma of the floor of 
the mouth and one with malignant imeloma of the ehoiioid weie treated with 
but slight effect 

126 THE USE OP RADIOARSENIC (As”) IN THE TREATMENT OP 
LBUCEJIIA. AND ALLIED DISORDERS OP THE 
HEMATOPOIETIC TISSUES 

IDtthew H Block, MD (B\ Inviutiov) Leon 0 J icobson, M D 
WiLLLUi B Ne-vl, Jr MD (B\ Iniitition), lnd Talob 
R SaiiTH, MD (Bi Iniitition) Chicago III 

Nineteen patients with tumoi-s of the hematopoietic sjsteni have been 
given As “ prepaied by pile iiradiation of arsenic tiioxide and caeodjlio aeid 
Arsemo ® has a half life of 26 8 hours and eneigetie beta and gaimna radiations 
Doses of As * langed tioiii 1 to bO niillieiiiies with 3 to 10 mg of stable arsenic 
and were administered intiaveiiously as the tiiovide Pieliminary studies m 
(heated that each niillieune was oppio\imateij equivalent to one roentgen of 
total body radiation In foui previouslj untreated patients rvith chrome myelo 
eytic Icueenna single injections of tins radioisotope produced clinical and 
hematologic remissions One of these patients is still in remission aftei eleven 
months Howevei no significant clinical lesponse was produced by the rso 
tope in two patients with cliromc mjelocytic Icueemia who no longer responded 
to conrentional mediation fheiapy One patient rvith an acute mjeloojdic 
iewcemia failed to lespond One patient rnlh a subacute myelocytic leuceraia 
had clinical and hematologic leniissions of about two months after each of two 
mjectioiis Horvercr this lattei case required fiequent transfusions and an 
osteomyelitis of the femur failed to heal in spite of chemotheiapy and suigerj 

Three patients rvith chronic lymphocytic leucemia treated with less than 
30 millicuries were not benefited One aged male previously mseiisitire to 
nitrogen mustard and needing massire tiansfusioiis responded with a decrease 
m IjTuph node enlargement and splenomegalj an increase in subjective sense 
of wellbeing as well as a depression of the rvlute count foi about two mouths 

Two patients rvith acute Ir nipliocytic leucemn were tieated with 70 and 60 
miUicunes, respectively One had a teinpoiaiv and incomplete lemission in 
the other, a definite cluneal and hematologic remission of apprONimatelj eight 
Weeks oeeiuied 

Tivo patients rvnth polv t j^thenna iiibia rcia weie tieated with ladioaixeiiie 
I telatrvclj brief leimssion was produced in one of these patients who rvas 
k'ven a dose of 45 nullicunes The other patient received cssenfiallr a traeri 
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dose Four patients with Hodglnn’s disease leceived less than 13 nnllicuiies 
of As‘® each The clinical eftect of the isotope on the course of these foui pa 
tients was essentially insignificant Likewise, two patients with multiple 
myeloma failed to lespond favoiably to this radioisotope 

The huge livei of a patient with metastases fiom a caicinonia of the stomach 
deci eased about 5 cm in size following 80 millicuiies of As’“ in two doses 
Neveitheless, his clinical condition continued to deteiioiate and he died within 
two Aveeks 


127 A hlETHOD OF FEEQUENT ESTIMATIONS OP CIRCULATING 
PLASMA VOLUME WITH ERYTHROCYTE COUNTS, 
ADAPTABLE TO LONG-CONTINUED 
OBSERVATIONS 

Henri E Hamilton, hi D (By Invitation) , Raymond P Sheets, M D 
(By Invitation), and Elmer L DeGowin, MD , Iowa City, Iowa 

The fluctuations iii plasma volume may be studied at will ovei a peiiod of 
many days with little inconvenience to the subject An uiitial measuiement 
of the plasma volimie by Evans blue dye (T-1824) and a coincident erythioe^e 
count are con elated with subsequent changes in the peripheial eiythioc^e 
counts The pi oof depends upon the demonstiation of the following facts (1) 
With caietul attention to the usual technique foi counting eiythiocytes, values 
vveie obtained with a standaid deviation of ±68,000 cells per cubic nulii 
metei (2) Eiytluoeyte counts on the peiipheial blood of noimal 
vveie found to vaiy fiom day to day, sometimes with a lange of 1,000,000 ce 
pel cubic millinietei The vmiiation fiequently occuiied in j. 

tliiee days (3) In subjects who had leceived tiansfusions of blood of 
gous gioup, the unagglutiiiable ceU counts (donoi’s blood) vaiied coincinen 
with those of the lecipient, in the same diiection and in approximately t e s 
magnitude (4) When estimates of the plasma yoliime vveie made iio 
cell count some days aftei the oiiginal measuiement by the dye 
vveie found to coiiespond with a second measurement by the dye 

±5 pel cent , , ^ plasma 

The method consists of an initial measuiement of the fluctua 

volimie by Evans blue dye coincident with an erythiocjde coiuit 
tions in eiythiocyte counts theieaftei can be obseived oyei a P®™ v 
days and the plasma volume calculated fiom any single obseiva 
equation 

PVo = g— 

wheie PV, is the calculated plasma volume in milhliteis, 

volume in milliliteis measiiied by the dye method, Ci is tlie ® Jme whe'* 

in millions pei cubic millinietei in the peiipheial blood taken . 

PVj was detei mined, and C„ the eiythroeyte coimt m million P 
metei at the time of the calculation , ii, jn the bod} 

The method assumes (1) that the total number ot r , beai» 
lemains the same and (2) that the hematociit of the peiip 

a constant lelationship to the total body hematoci It fliintnatious m 

This pioceduie has been employed to follow the daily , and m 
volume duiing noimal activity, duiing hydiation ^nd ae „p]ieable to tne 
cipients undeigoing blood tiansfusion The same met .jp^g alone, whc 
studv^ of many pioblems in the clinic Daily eiythrocy m phisi^ 

acciiiately perfoimed, should serve as an indication o 
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loiume 111 patients lUio aie not losing blood and tv hose bone mariow is function 
mg normallj 

128 THE INFLUENCE OP RUTIN BENADRIL AND PROTAMINE ON 
ENPCRIMENT VL PURPURA IN THE GUINEA PIG 

Brink II BeliiUS.MD (B\ Inmtvtiov) vnd I rederiok W ILvdison MD 

JIlMV AUKEE \\ IS 

Tluombocj topcuic jiuijiuia was piodimd m eiKlit> guinea pigs by the use 
of antiplatelet seiuni accoidin„ to tlie mttliod of Bcdsoii The purpuric an 
imals weio divided into foiii gioups o! tweiitv tacli One gioup served as eon 
liol and leceived onh the picviouslv pitpucd antiplatelet scrum A second 
oioup lectived rutin a tluid t-ioiip lienadivl and a lourth gioup Protaiiime 
unmltanoouslj with the vetiim Sjcind deleimmations of eiythrocvtes plate 
lets and peteclini. vvtie made ovti i tvventv tout houi iieitod following the 
adnimistiatiou of the sciuiii and the diiv Tlie petcihial lesponses were 
measured by means of a negative piessuit apj) ii itiis and the poteehiae counted 
'vithm a standi d area 

The animals of the contiol gioup which icceived onlj antiplatelet sciuni 
esiiihited a slight diop m oivthiocvtcs a luaiicd fall m the platelets and a 
sharp use in petechial founation The greatest nnmbci of petechiac occuried 
withm si\ boms after the inicetion of antiplatclct serum which was well m ad 
lanco of the maxiinum fail of phtolcts When the platelets had reached their 
low cst numbers the petechial lesponse bad subsided 

The second gioup of animals were given i-utm m repeated injections of 
10 mg per Kilogram of bodv weight m addition to the uiitiai dose of antiplate 
let serum These animals exhibited the same ticnd in phtelet depression as the 
eontiol group The petechial response of the uitm „roup was approximately 
00 poi cent less than that of the contiol group 

The thud group of annuals wcio given the antihistaminio drag, Benadryl 
in doses of 10 mg per Icilogram m addition to the antiplatelet serum and a simi 
lar platelet depression occurred IIowcvci the petechial lesponse showed re 
dnction of about 40 per cent as compaied vnth the control animals 

The fourth group of animals tecened piotamme in repeated doses of 2 mg 
per Kilogiain m addition to antipHtclet serum Again the platelet depression 
followed the usual pattern but the petechia! response was raaiKedly dunmished 
Almost 90 per cent fewer petechiae were produced than ui the control group 
Each of the drugs tested theicfore sliowcd ability to alter the vascular re 
'poase (in varjung degrees) under the conditions of tins experiment but none 
showed any effect on the thromboej topenia 

129 EPPECT or VITAMIN K ON DICUJIAROL INDUCED 
HYPOPROTHROMBINEMIA IN RATS 

B J Boxd MD (Bx Invitvtion) vnd E D Waknek, MD 
lovvi City Iowv 

'Rost of the reports dcaltng with the clEcet of vitanrm K on Dicumaroi 
mduced Irjpoprothrombincmia have been based on one or another of the one 
■itage methods for prothrombin estimation It has been showm that these 
wetliods depend not only on the concentration of prothrombin but also on 
the rate of conversion of prothrombin to thromliin The two stage method of 
I'rothrombnr determination scpaiates the comeision phase from the clotting 
phase and thereby largely eliminates the rate of convoraion of prothrombin to 
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tliiombm as a faetoi in piothrombin measiuemeiit Poi this leason, it seemed 
pertinent to stud} the effect of vitamin K on Dicuraaiol-induced hypopro 
thrombinemia by the two stage piothiombin method 

Albino lats weie made hypopiothionibmcmic by the admmistiation of 
Dicmnaiol To contiol the dosage bettei, the Dicumaiol was given by stomach 
tube Vitamin K was giien in dail}^ doses as menadione in oil b} stomach 
tube, 01 as Hjkinone by nitiapeiitoneal injection Doses as laige as 50 mg 
of menadione and 4 cc Hjianone (1 ec equivalent to 2 5 nig menadione) 
pel day weie used The data obtained by the two-stage piothiombm deteimma 
tion indicate that (1) lats tend to develop a toleiance to Dicumaiol, (2) massive 
doses of vitamin K in the fonn of menadione, oi Hyknione, have no definite 
effect on Dicumaiol-induced hvpopiotlnombinemia m lats, fiom either the 
piophylactie oi the cuiative standpoint 

130 THE USE OP INTRAMUSCULAE HEPARIN FOR 
ANTICOAGULANT THERAPY 

Gezv de T-ucvts, j\I D , AND Evelvn M Rogers, R N (B\ Invitition) 

Chicago, III 

In a senes oi 100 patients, subcutaneous and intrarausciilai injections of 
hepaiin weie given to maintain a piolonged coagulation time foi piophylactie 
01 theiapeutic pui poses The solutions used weie 1 and 10 pei cent aqueous 
hepaiin and a piepaiation which uses gelatin de\tiose and vasoconstiictors to 
delay absorption 

Aftei eonsideiable tiial with vaiious dosage and timing, the following 
tentative schedule has been developed , 

The patient first is giv'en lee of 1 jiei cent hepaiin intiavenously to cle 
teiraine his hepaiin toleiance The coagulation time is determined befoie an 
only once, ten minutes, after the injection If there is a 100 per cent increase 
in coagulation time following the mjection, he is regarded as havnug a 
response and is given 5 c c of hepaiin intiaYenousl} One houi following 
mjection, which usually raises coagulation ' time to about 15 m 

venous method, the fii-st intiamusciilai injection is given with the '®P 
glyeeiin mixtuie In from twelvm to sixteen horns this is 
lation time by the capillary method is always done befoie the nex mj 
to avoid a stepladdei tjqie of effect , *j,g 

There has been no reaction to the intiamuscular injections ei ei 
foim of hematoma or induiation, and the coagulation times have show 
level which was hitherto impossible to obtain even by the contin 
venous diip 

131 THROMBOCYTOPENIA SECONDARY TO INFECTIOUS 

MONONUCLEOSIS 

Richard M Angle, MD (By Invitation), vndHow^ardL Alt, M 

Chicago, III 

Thiombocytopemc puipuia is a lare complication who dc 

osis A reiioit is made of a 19-yeai-old white , mse of mfo'^Uous 

veloped peteehiae, ecchymoses, and menorrhagia dm mg the j, gtei Spon 
mononucleosis The platelet count fell to 10,000 per eu inononucPn 

taneous recovery accompanied convalescence V and no fiiU“®' 

sis The patient has lemamed well with a normal plate e 
bleedmg episodes 
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A rcMen of tlie liteMtuio leveals oiilj t«o identical cases In two otliei 
leporled instances there aiipeaied to be a pie existing bleeding diathesis winch 
was aggia\ated bj the infections monoimcleosis In other possible eases the 
diagnosis of infectious inouonncleosis lias neier definiteh established oi in 
sufficient details weie lepoited to pemit eompaiison 

Although the platelet count is said to be nornnl in infectious mononucleo 
SLS, no lepoit of seiial counts in tins disease was found IVe ha\e determined 
the number of platelets at fiequent intcuals m sesen consecutive cases of ni 
fectious mononucleosis In five of the seven patients the platelet count was 
below the lower limit of noinia] during the fiist week of the disease In one 
case the platelets weie just above the lower limit of normal, and in another, 
mitial counts vveie not made until the second week of the disease Duiing the 
second week of the illness a mild tlnomboevtosis van mg fiom one and one half 
to five times the lowest count oceiiiied in six patients This was followed bv 
a gradual retuni to noimal values The case studied firat in the second week 
of the disease, showed a mild tlnomboevtosis which suhsequentlj letuined to 
nonnal In foui of the seven patients the spleen was palpable and abnormal 
liver function was present in all 

The possibilitj that tliiomboevtopcnic pin pin a in infectious mononucleosis 
maj result fiom a similar but c\ig„,eratcd depicssion of the blood platelets is 
suggested 

The possible roles of infection and hvpeisplenisin as a cause of the thiombo 
evtopcnia will be discussed 

132 THG GPFECT OF DIGITiVLIS ON THF COAGULABILITY 
OF BLOOD 

John IIxsLOP rLiNs II D Rochester JIinn 
(Introduced Di How vrd B Burciiele 31 D) 

The high incidence of thromboembolic eomplieations in eases of congestive 
heart failure is generallv iccognized In the past five jears several repoits have 
appeared in the liteiatuie which implicated digitalis ns a contributing factoi 
to intiavaseulai coagulation of the blood Othei lepoits have subsequentlv 
appeared which seem to deiiv this imiilication The present studv was undei 
taken iii an attempt to dcteiminc wbethei ceitsin eaidnc glucosidcs do chan,,e 
the coagulabilitj of the blood and if so how these changes can be ineasuied 
Because of the contioversial lepoits it seemed evident tint an investigation 
which would include both aniiml and elinical reseaieh and would consist of a 
studj of blood coagulation bv seveial methods befoic and during digitalization 
was indicated 

The pioblem was flist investigated in the phvsiologv laboiatoiies of the 
uayo Clinic and rabbits and lats weie used The studv was completed in the 
Yorrall Hospital, Eoehestei 31inn with patients on the cardiac seivaces of 
the Mayo Cbnie Studies of coagulation included the lee 'White coagulation 
tune, prothrombin times of whole and diluted plasma and hepaim retarded 
coagulation tune 

Results of the investigation show that 1 inalosid C and digitoxin admin 
istered to normal rabbits and lats in doses simuHtiiig therapeutic use of the 
drugs have a definite accelerating effect upon coagulation of the blood as 
nicasuied by the Lee White coagulation time tests in rabbits the in vatro 
hepann letarded coagulation time test showed a similar efteet on coagulation 
of the blood No efteet was noted on the piothrombin time of whole or diluted 
plasma In the normal labbit iclativelv large doses of lanatosid C appear to 
have an antagonistic effect to Dicumarol 
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The blood of clinically digitalized patients was not changed fiom that of 
noimal subjects as measiiied by the Lee-White coagulation time tests or by the 
prothiombin time studies of whole or dduted plasma However, digitalization 
appealed to dmiinish the anticoagulant effect of heparin in the human being 
These results seem to indicate that digitalis may be a factor m promoting 
inti avascular coagulation of blood 
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of microbial, in pernicious anemia. 


860 , , 
Lnoxemia test m hyperthyroidism, electro 
cardiographic response to, lotto 
mterior pituitary extract m treatment o 
pituitary dwarfism, evaluation ot, 

inti A and anti B isoagglutimii titers m Kii 
immumzed pregnant women, lUoa 
intibiotic content, deteiiiiination Pr 


organs for, 904 „ 3 ust,„ned 

pSpl.-' pr.a.«a <•> 

various disease A' cts 

tibody content of lymphoid cell extract , 
determination of, loos , 

lormation following wgestion of 
killed Brucella abortus, 
ticoagulant drugs, effect of, upon corona 

herapy, |e;of"mtramuscular hepann for, 
tifolic 

tigen, cardiohpin, 

:or Kalm test, o- influenza A 

tigenic differences amon„ 

viruses, 1212 fixation 

clinical l^ctactaniiaic 
„nga, ai.c.ll«l« S“'„ |ia.»i -W' 


1674 



SUBJECT INDEX 


VnUhisttiramic drug» — Coat «1 

failure of to reduce reactive hjpcmuia 
in man HjO*) 
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tate the cleaning of, 519 
Calcification, diffuse pancreatic, with diahetev 
mellitus, 1619 

of costal cartilages, premature, association 
of^ with psj choueuroses and endo 
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mental study of 731 



1678 


SUBJECT INDEX 


Dicumarol — Gout ’d 

and quinidine in. ambulatory treatment of 
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effects of, on electrocardiogram, 972 
m experimental myocardial infarction, 961 
Dicumarol induced hypoprothrombinemia in 
rats, effect of vitamin K on, 1431, 
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intravenous injection of fat emulsion into, 
experimental studies, 689 
Duodenal ulcer, comparison of tn elve hour 
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Electrolyte partition in patients with edema 
of various origins, 1534, 1545 
Electrophoretic study of blood serum from 
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